| )Cq BY - of

gLoc k 1A



. UGBY -01
‘Plant Diversity -1

UTTAR PRADESH
™ RAJARSHI TANDON OPEN UNIVERSITY

Block

1A - _‘

DIVERSITY OF PLANTS AND RELATED ORGANISMS “°

L

T

UNIT 1

Plants and Related Organisms and their Classification 5

UNIT 2
Introduction to Cyanobacteria, Fungi, Algae and-Lower Plants 26

N
1' .
o
. B » v '
,r
o '
3 L3
-
“ *
”~
' "
in
l“ »
.- o~
5 ;,
. £
Yi .y Y
e v i R
-l "' - - 3
7 R
l. -

Cover: From left to right, top-scdnning electron micrograph of Chlamydemonas reinhardii and



PLANT DIVERSITY -1

Yuou will learn about the world of plants in two elective courses, namely, PLANT
DIVERSITY -1 and PLANT DIVERSITY — 2. Each is a four credit course. These
courscs will reveal to you how diverse the plants are, how they are constructed and
how they reproduce. You will also learn about the evolutionary origins of different
plant groups, how the different groups are interrelated, the role of plants in ecosystems,
and the imporiance of plants in human welfare.

A ncem ree is undoubtedly a plant. It is a flowering plant. There are other groups of
plants such as the gymnosperms that de not possess flowers bul do produce sceds. Ferns
and their allics do not produce seeds but reproduce by spores. These are also true plants.
In addilion. the mosses, liverworls and hornworls which are much simpler in their
siructure are also true plants. However, some of the groups traditionally sludied by the
botunists are no longer considered to be true plants. Such groups include the fungi. the
bluc-green algae and the true algae. The blue-green algae are in reality a group of .-
bhacteria now known as cyanobacteria. In spite of this fundamenial distinction between
planis and non-plant organisms we include the study of cyanobacteria and fungi in this
text. This traditional approach is partly justified because the cyanobacieria and the fungi
share certain similarities with algal groups in their ecology, physiology, morphology or
methads of reproduclion.

Plants conslitue a vast assemblage of organisms. The flowering plants alone are
represented by about 260,000 species! There is so much variation in formn and “unction
between different groups and even within groups. Censidering the vast assemblage of
organisms that must be included in the study of plant diversity we have designed two
scparale courses. In Plant Diversity -1 you will learn about cyanobacteria, different kinds
of algae, fungi, mosses, liverworts and hornworts, and ferns and their allies. Plant
Diversity — 2 will cover the study of two major plant groups, the sced-bearing
gymnosperms and Lhe secd-bearing as well as [lower-producing angiosperms. There
are 4 Blocks and 18 Units in Plani Diversity — 1. Block-I is again subdivided into
Blocks 1A and 1B. Thus, Lthe overall organisation of the study of plant diversity-I is
as lollows: i

Course LSE-12: PLANT DIVERSITY-1 (Four credits)

Block-1A:  Diversity of plants and related organisms (2 Units)
Block-1B:  Algae (S_rUnits)

Block-2: Fungi (5 Units)

Block-3; Bryophyta (3 Units)

Block-4: Pleridophyla (3 Unils)

LSE-07 is pre-requisile for these courses.

Objectives

Aflter sludying Plant Diversily — 1 course you will he ahle 10:

# list characleristics of living Lhings,

¢ appreciale the diversily in structure, numbers and distribution of life forms.
e discuss the evolutionary origins and inlerrelationships among differenl groups,
o clussily living things in major broad calegorics,

¢ identily ptants from non-plants by studying their characlerislics,
e describe how plants reproduce, and

e discuss the role of plants in ecosystems and in human welfare.



BLOCK 1A DIVERSITY OF PLANTS
AND RELATED ORGANISMS

The four credit elective course “Plant Diversity ~ 1™ consists of 4 Blocks and 18 Units.
Block 1 is subdivided into 1-A'and 1-B. In Block 1-A you will find the background
information necessary to {ully appreciate the more detailed treatment of various groups
presented in the following units. What .is a plant? Do botanists study only plants or do
they also study other related organisms? What are the different groups of plants? How
many species of plants are there? How are plants and other organisms classilied? How
are different groups of organisms related. through evolutionary history? How diverse is
the plant world in the organisation of structure and modes of reproduction? How arc
plants affecled by the degradation of the environment?

You will find answers to these questions in Block I-A. It is important thal you read
these units as many limes as possible 10 comprehend the concepts employed in the study
of plant diversity. You should pay special atlention to the illustrations and classification
schemes in the units. As you read the more detailed treatment of various plant groups in
the following blocks you will find it useful to refer back to the classification scheme
presented in Block 1-A.

Plants, like all other organisms, are evolutionarily related 1o each other. Modern schemes
of classification try 1o bring out such evolutionary relationships. The concepts and
metheds of classifying organisms, identifying and naming them are studied in
Taxonomy. We presume that you have also opted for “Taxonomy and Evolution”
course. You would profit by reading this text for additional information on classification
and evolution. '

Block I-A: Diversity of Plants and Related Organisms is divided into the following two
units. .

Unit 1. Plants and Related Organisms and Their Classification
Unit 2. Introduction lo Cyanobacteria, Fungi, Algae and Lower Plants

In Unit-I the characteristics of living things, origin of life, organisation of cells,
evolution of prokaryotes and cukaryotes and classification of organisms into five
kingdom that were partially covered in the previous LSE courses are reviewed, updated
and are presented in a2 comprehensive manner. This would provide you a picture of
step by step origin of diversity in life forms.

You will understand the relationship between majér groups of plants and other
organisms such as cyanpobacleria and fungi which are included in this course. The
current thinking on how organisms should be classified is also discussed.

In Unit 2, broad outlines of classification are presented for the different groups of
organisms-algae, [ungi. bryophyles and pleriodophytes——discussed in this course. Salient
features of cach group are introduced to help you appreciate how and why plants are
divided into different groups. You will soon realisc that the apparently complex world of
planis can in facl be ordered into groups in such a manner that you will not only
conqprchcnd the diversity but in fact will learn 1o appreciate the beauty and imponiance
of plants.

Objectives

After studying this Block you should be able to:
discuss the origin of life,

differenliate bclwer;n prokaryotes and cukaryotes,
list the characteristics of living things,

describe the diversity of living things.

discuss the current concepts of classifying living things, and

list the distinguishing features of plants, bacteria and fungi that help 1o classify them
in dilferent groups.



UNIT 1 PLANTS AND RELATED
ORGANISMS AND THEIR
CLASSIFICATION

Structure

1.1 Introduction
Objectives
1.2 Diversity of Life on Earth
1.3 Characteristics of Living Things
L4 ' QOrigin of Life
1.5 Organisalion of Celis — Prokaryotes and Eukaryotes
1.6  Evolution by Endosymbiosis
1.7 Classification of Organisms
1.8 The Five Kingdoms
1.9 What are Plants?
1.10  Environmental Degradation and Plant Diversity
I.11  Summary
-1.12  Terrninal Questions
1.13  Answers

1.1 INTRODUCTION

Human beings are by nature curious about the world around them. The world of living
things is very vast in numbers, ancient in history, and complex in diversity. The science
~ of biology has many disciplines, all attempting to provide us a true picture of the nature
of living things. We too arc ‘a part of this living world. As we see the world of life
around us through the discerning eyes of the biclogists, we begin lo sce our own
history. We learn how we are also related through evolution to all other tiving things.
We also understand how intérdependent all living things are. The uitimate purpose of
learning biology should be t¢ understand the privileged position, we, the human beings
occupy among all other living things that now exist and that ever lived on this earth.

Objectives

After reading this unit you will be ablq o

® appreciate the diversity of life on carth,

e dilferentiale between living and' nonliving things,

o give evidences that suggest when and how life originated,

# dislinguish between two major types of cellular arganisation, namely, prokaryolic
and cukaryotic,

® describe the present concept of hov.; cell organelles evolved,

e list the principles behind the classification of organisms,

® discuss the basis for classifying living things into five kingdoms,

o List the characteristics of planis and aislinguish them from non-plants and

e perceive the rich biodiversity found in India and the environmental degradation that
is threatening this diversity.



Diversity of Planis and
" Related Organisms

1.2 DIVERSITY OF LIFE ON EARTH

There is life all around us. There are numerous organisms in the soil. on the surface of
land, in the air, on high mountains, in fresh water and in lhe occans. Several kinds of
organisms have recently been discovered in the ocean at depths of 4-10 kilometres
where it is perpetually dark and the pressure is so high that it would crush us flat, A
magnifying plass and a microscope can reveal that living things are abundant in
practically any place or thing that we care to examine. There are thousands of
‘microorganisms on the surface of a leaf. in a drop of pond water or saliva and all over
the surface of cur skin. In fact, it will be difficult to find a place on the surface of the
earth without life. Qurs is a planct of lile. We do not know if life exisls on any

other body in this immense universe of billions of stars. Somehow, Planet Earth
evolved just the right kind of conditions — temperature. aimosphere, chemicals,

energy ctc. — that made it conducive for life to originate, evolve and even modify the
surface of the earh.

Biologists try to systemalically describe and document the different kinds of life forms
and understiand their origins, evolutionary histary, functioning and reproduction. This is a
monumental task. Mere documentation of the number of species found on canh has not
been completed. A few decades ago biologists estimated that there may be about 6-10
million kinds of organisms living on the carth. Yet, only about 1.7 million of these have

- been jdentified and brici{ly described. Now some biologists think that our planet may
"have 10 to 30 million organisms. This upward estimate has been made as a result of
recent findings of many microorganisms and insects, particularly in the poorly explored
regions of lropical rain forests. The organisms that now live on earth arc descendants of
species that lived in the past. The history of life on carth is at least 3.5 billion
(3,500,000,000) years old. During this long pcriod many kinds of organisms have
evolved and most became extinct leaving behind those with which we now share this
planet, We, human beings, are equally parl of this evolutionary drama of life on earth.
The human species, Homo sapiens, evolved quite recenily, only about 300.000 years
ago. All the species that live today represent only a fraction of the total number of
species hat the earth had supported ever since life originated. Scientists cstimate that
about 99% of the specics are extincl. There were about 5 major and several minor
episodes of extinction when millions of kinds of organisms vanished. Many but not all
of these are found as fossils today. The last major extinction occurred some 65 million
years ago when the dincsaurs and many kinds of plants became extinet,

A distinction must be made between kinds organisms and number of organisms of a
kind. When we spcak of a kind of organism we are referring to what biologists describe
as a species. The ncem plant is one kind or specics of plant. Azadirachta indica is the
technical term used to name and identify this species. However, there may be perhaps
20 million individual neem plants in India. Similarly each one of the estimated 10-30
million species of organisms is represented by varying numbers of individuals. Some
cndangered specics under threat of extinction may be represented by no more that 100
individuals. The human species, in no such danger of extinction, numbers about 5.3
billion individuals, and the number is rapidly increasing. A spoonful of curd may
contain hundreds of millions of individuals of a bacterial species that curdles milk.

“Diversity of lifc on earth is not restricted to the great number of species or abundarce
of individual specics. There is also great diversity in size and shape of organisms. A
bacterium may be just one thousandth of a millimetre in length whercas a 30 metre tall
palm tree is 30 million times longer than the ‘baclerium. Living things show diversity in
their construction, from single-cclled organisms to those composed of dllions of cells.
Some multicctlular organisms are simple in slructure while others show a high degree of
differentiation. A green alga known as Ulva found in our scas (that you will be studying
later) appears to be no more than a thin and MNat green structure. A typical flowering
plant, on the other hand, is differentialed into roots, siems, branches, leaves, flowers and
other organs.

There is diversity also in the ways in which organisms obtain their food. Carbon is an
all important element in the life of living things. Organic compounds of carbon provide
cncrgy and materials for metabolism, growth and reproduction. Green plants are



aulotrophs. Autotrophs obtain their carbon from inorganic carbon dioxide in the process ~ Plants and Related Organisms
of photosynthesis. Heterotrophs are all other organisms that oblain their carbon from and thelr Classificatlon
presynthesised organic compounds. Animals are heterotrophs beca;use. their carbon source

comes from the plants or animals that they feed on. Parasites arc heterotrophs that

invade living hosts and absorb carbon compounds. Many bacteria and fungi are

parasitcs. Saprotrophs are also heterotrophs because they oblain their carbon source from

the organic remains in their surroundings, Many fungi and bacteria are sapretrophs.

Whatever the means of obtaining their carbon, each species is capable of elaborating

the simple carbon compounds into thousands of different compounds. This diversity in

the chemical composition can be used to identify several plant groups, Many insecis

selectively feed on certain plants because of their ability to utilise the chemicals present

in such plants for their food, defense or reproduction. We 100 seek this chemical

diversity in plants as we select plants to extract oils, spices, fragrant chemicals, drugs, -

dyes and other producis.

Living (hings have diversity in their longevity. Some live for less (han a week while a
few plants are known to live for more than 5000 ycars. Life is diverse in the way living
things reproduce their kinds, from simple fission to a variety of asexval methods and
sexual means that require complex sex organs. In the animal kingdom organisms show a
variely of behavioural patterns. Finally, there is also great diversity in the ecological
habitats of organisms. Life can be found in snow, in dry deseris, in moist rain forests
and in fresh and salt waters. Some bacteria live in extremely acidic and hot liguids,
reaching more than 100°C.

All this diversity may at first bewilder us. Once we begin to comprehend the underlying
order and the principles and factors that govern the diversity, the living world turns into
a meaningful scene of great antiquity and beauty. Because of the great diversity in
numbers no one individual can ever study or even see all the living species in one's life
time. This is one-reason why biologists have tried to specialise in studying sclected
groups of organisms. Thus, the zoologists study the animals, the bolanists study the
plants and the microbiologists study the microbes. Those who study the bryophytes are
bryologists and those who specialise in the study of fungi are known as mycologists.
Ecologists try o understand and describe the way living things interact with each other
and the environment around themn. There are many such fields of specialisation in
biology. '

Our aim in this course is o understand plant life. Since all life is interrelated through
common evolutionary history we should examine how and where plant life fits into the
broader world of life on earth. What other groups of life do we have? When did life
originate? What are the commeon characteristics that bind all life together? How can we
best classify the living things? These and related questions are addressed in the
following scctions.

1.3 CHARACTERISTICS OF LIVING THINGS

In science we atlempt to state the precise meaning of words that we use. This is known
as a definilion. Thus, botany is defined as the scientific study of plants. It is r_lalural
that we may look for a definition of “life” or “living things". Unfortunately no such
delinition exists. Yel most of us can recognise a living thing from a nonliving object
and can identify when a living organism has died and has become nonliving. The
problem with a definition of life is that for every slatement we make we will find some
exception. If “growth™ is a characteristic of living things we know that nonliving
crystals also prow. If lifc is characterised by reproduction 5o can a fire in the forest
reproduce itsell. Yel, there must be features thal are common to most living things that
dilferentiate the millions of organisms from the inanimate world.

Belore describing the characieristics that are common 10 organisms it is worth noting
that the laws of physics and chemistry are the same for the living and the nenliving, An
apparent excepion is the extraordinary way in which living things are organised at all
levels—chemical, subeellular, cellular, organ and organism levels. This organisation
seem to go against the law of physics that randomness or decay rather than organisation
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characterises the universe, On closer scrutiny it is found that the highly ordered
structures of living things are possible only at the expense of encrgy obtained from the

- sin: The sun itself shows increasing “entropy” or randomness. When the sun and all the

living things are taken together, entropy is indeed increasing in the universe,

The following characteristics are common to most organisms. Together these common
features help distinguish the living from the nonliving things.

1. Life processes are based on organic chemicals in which the carbon atnm plays a
fundamental role. Other atoms, particularly hydrogen, oxygen and nilrogen combine
with carbon to produce such common organic chemicals as the carbohydrates,
proleins, lipids and nucleic acids.

2. Metabolism is & characteristic of life. Organisms acquire energy from food and use
this energy to synthesize other essential substances needed for growth, reproduction
and other functions.

3. Living Ihi_ngs are made up of cells.

4. Living things grow. Growth can occur by enlargement, elongation, increase in dry
weight or increase in number of cells.

5. Development and differentiation accompany growth, at least in most multicellular
organisms.

6. Organisms reproduce their own kinds. The heredity system is controlled by the all
important information molecules DNA and RNA.

7. Living things are highly organised. Biochemical reactions, cellular organelles, tissues
and organs reveal a system of high complexity and organisation,

8 Living things respond to various environmental stimuli. This response, known as
“irritability” ensures that organisms make use of desirable environmental inputs or
avoid those that affect them adversely.

9. Most animals and unicellular organisms move. In general plants do not move.
However, individual organs of most Plants show movement in response to light,
gravity and other stimuli.

10. Organisms change and evolve. Over long periods of time changes occurring in the
genetic material lead to changes in structure or function that are acted upon by
seleclive forces resulting in new kinds of organisms.

I1. Death is characteristic of living things. Death puts an end to all the attributes of life
listed above. .

SAQ 1.1

Indicate whether the following slatements are true or false by placing the lelters
T and F for true and false in the ‘space provided.

i) Scientists have discovered life on many planets in the universe,
i) It is estimated that there are 10-30 million species of living things on earth.

i) Life originated about 5 billion years ago.

iv) Helerotrophs synthesise carbon compounds from carbon dioxide, warer and

light energy.
v} The laws that govern life processes are different from the laws of physics and

chemistry.

UO O OO0

vi) Living things are made up of cclls.
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1.4 ORIGIN OF LIFE ' and their Classification

One of the most interesting — perhaps the single most interesting — question in
biology is ‘“When and how did life originate?”. Astronomers now believe that the
universe originaled about 15 billion (15,000,000,000) years ago. Our solar system is
considered 10 be about 5 billion years old, and the earth was well formed by 4.5 billion
years ago. The time of origin of life can be answered by locating fossil remains of
primitive organisms in the oldest rotks whose age has been determined by other
physical metheds. Organic chemical remains indicative of life processes have been
located in 3.8-billion-year-old rocks in Greenland. However, authentic micro fossils and
stromatolites arc known mostly from rocks that are 3.1 billion years old. Stromatolites
are laminated fossil rocks formed by the aclivity of cyanobacleria. Interestingly,
stromalolites have also been found in 3.2-billion-year-old rocks in Orissa and 2.6-billion-
year-old rocks in Karnataka indicating the great antiquity of life in Peninsular India.

Scientists agree that life existed between 3 -3.5 billion years ago and therefore we can
assume that life must have originated sometime prior to this period. The earliest
organisms were similar to modem bacteria in structure.

How did life originate? While it is possible to argue that life could have been
transported to earth from some other astronomical body or that it was created by divine
intervention, the only serious hypothesis entertained by scientists is that life evolved
spontaneously by a process of chemosynthesis. This idea of spontaneous generation from
nonliving rnatter was first postulated by the Russian scientist A.J. Oparin and the
English scientist J.B.S. Haldane. According to this hypothesis over a long period of time
incrganic chemicals on the surface of the earth were transformed into simple organic
chemicals in shallow pools of water. These organic chemicals in turn aggregated into
more complex units. Long polymers of amino acids and nucleotides could have been
part of these complex microscopic structures. Ability to replicale themselves and caltalyse
various chemical reactions would have made Lhese structures the most primitive living
things. Because RNA could stdre and transmit hereditary information and also catalyse
some chemical reactions scientists believe that RNA rather than DNA might have been
‘the genetic material of the earliest organisms.

There is evidence that simple organic compounds conld have been produced from
inorganic matter without the activities of living things. Alcohols, sugars, amino acids
and nitrogen bases have been extracted from the intericr of meteorites. Organic
compounds have also been detected in the rock samples brought from the moon.
Experimental evidence for the origin of organic compounds from inorganic substances
was demonstrated by S. Miller in 1953. He allowed steam to interact with reducing
chemicals such as methane, hydrogen and ammonia in a closed container. Energy was
supplied by electrical sparks, simulating lightning that was common in the early earth’s
atmosphere. Such experiments were repeated by other scientists who supplied energy in
the form of x-ray or ultraviolet rays. These experiments conclusively prove that a variety
of organic chernicals such as amino acids, urea, lactic acid, sugars and nucleotides could
be “crealed” from inorganic matter.

What was the condition of the earth when life originated? Life thrives on earth today in
an atmosphere rich in oxygen and free from extreme and frequent outbursts of energy.
All present forms of life would perish if they were (o live in the conditions that existed
4 billion years ago. There was no free molecular oxygen and the atmospherc was
anacrobic. The surface of the earth was reducing because of the presence of such
reducing substances as hydrogen sulphide, methane and ammonia. Temperature in the
prebiotic enviconment was very high, perhaps about 500°C. There was abundant water
vapour and high pressure. Energy was available in large quanlities in the form of
ultraviolet rays, x-rays and gamma rays from the Sun. Constant lightning supplied
electrical energy. Radioactivity, volcanic eruptions and meteorite impacts all would
have supplied heat energy. Thus, we can visualise that the very conditions that

would eliminate most of life on earth today were necessary and conducive for the
ongin of life.
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What were the carly organisms like? It is difficult to be precise about events that
occurred tn such a distant past. However, it is currently speculated that life originated
when temperatures were above [00°C and the early organisms probably resembled some
modern bacteria that live in high temperalure environments. Some bacteria of the group
archacbacteria live in temperaturcs between 100 and 140°C. They do not depend upon
sunlight as a source of energy. Instead they make use of energy froin molecular .
hydrogen and sulphur compounds and fix carbon dioxide into organic compounds. They .
live under anacrobic conditions. Some of these bacteria live in hot vents at (he bottom
of the occans where the earth’s crust is formed [rom melten lava and the sea Moor is
spreading, pushing continents apart. Although thesc bacteria do nol have chlorophyil and
do not depend upon sunlight they are still autotrophic since they can obtain their carbon
compounds from inorganic carbon dioxide.

During the course of evolution of life chloraphyll a evolved in some organisms. Only at
this stage light encrgy from the sun was used to split water and releasc free oXygen os a
wasle product. Over long periods oxygen accumulated and transformed the atmosphere
into an oxidising one. Oxygen could then be used in respiration 1o relcase more cnergy
and this was partly responsible for lhe evolution of structurally more complex
OFganisms. '

SAQ 1.2

For each of the following question circle the one answer that is ror true.

1) Organic chemicals synthesised by living things are:
a) proteins b) polyvinyl chloride ¢) nucleic acids d} lipids e) carbohydrates

ii) All living things are characterised by:
a) metabolism b) growth c) photosynthesis d) reproduction e) evolution

i)  Conditions that existed when life originated:
a) high temperalures b) reducing atmosphere
c) lack of oxygen d) strong x-ray and UV radiation

e} abundant chlorophyll molecules

iv}  Experiments by 8. Miller and olhers have shown that the following organic
chemicals can be synthesised from inorganic chemicals:

a} amino acids b} carotenes ¢) urea d) sugars €} lactic acid

1.5 ORGANISATION OF CELLS — PROKARYOTES

AND EUKARYOTES

All living things can be grouped into two major calegories on the basis of the structure
and biochemistry of their celis, particularly on the basis of the organisation of their
genetic material. Bacteria and related organisms arc prokaryotes. All others are
eukaryotes. Prokaryotes (pro=before; karyon=nuclcus) possess a primilive type of
organisation where the nuclear material, DNA, is not surrounded by a nuclear envelope.
Instead, DNA occurs as a circular strand within the cell. In the eukaryotes (eu=true)
DNA is organised into rod-like chromosomes and the chromosomes in wrn are enclosed
by a nuclear membrane. Together, the chromosomes and the nuclear envelope and other
componenis such as<he nucleolus constitute a nucleus. A nucleus is characteristic of the
algae, fungi, protozoa, plants and animals. Ail these are eukaryotes. Only a few
thousand specics of bacteria and cyanobacteria are prokaryotes., The rest of all
organisms, 10-30 miilion specics, are eukaryotes.

There are many other differences between the prokaryotic and eukaryolic organisation
of cells, and these are summarised in Table 1.1 and Fig. 1.1. Eukaryotic cells have
extensive membrane systems. The cyloplasm is surrounded by a plasma membrane.
The nucleus is limited by a double-membrane which has pores and extensions into the



cytoplasm. The membranous extensions constitute the endoplasmic reticulum. Ribosomes ~ Plants and Related Organisms
involved in protein synthesis are often asSociated with the endoplasmic l'etlcnlm;l‘lJr and thelr Classification
Dictyosomes or golgi vesicles are membranous structures with a secretory fimction. A

large vacuole is also limited by a membrane known as tonoplast. Mitochondria and

plastids are also membrane-bound organelles.

Endoplasmic

reticulum
Cell wall
Plasma membrane Ribosome -
Nuclear
membranc ™|
Cell wall ) Nucleus
Diclyosome —poitr
Cyloplasmic : Q
meatbranc Chromosome—$agts g
§ : — Cyloplasm
Milochondrion—fR —
Pholosynthetic \ s
lamelia : §
Circular N e
DNA % Vacuole
Chloroplast N
Ribosome B
PROKARYOTIC CELL
Tonoplast
EUKARYOTIC CELL
Fig. 1.1 : Comparison of prokaryotic and eukaryotic cells.
Table 1.1: Comparison of Prokaryotes and Eukaryotes
FEATURES PROKARYOTES EUKARYOTES
Organisms Bacleria Fungi, algae, protozoa, plants, animals
MNo. of species . About 4,000 10-30 million
Cell size Small, 1-5 pm Large, 5-100 pm
Nucteus Not membrane-bound Membrane-bound
. DNA Present as circles Organised into chromosomes
Hislones . Not associated with DNA  Histones associated with DNA -
Introns Absent Presenl
Mitosis None Present
Meiosis None In most organisms
Membrane-bound | Nong Nucleus, milochondria, plastids,
organclles endoplasmic reticulum, vacuoles,
dictyosomes
Ribosomes 708 808 type in the cyloplasm 705 type

within mitochondria, plaslids
Flagella Simple/flagellin 9+2, tubulin

B!
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Membranc-bound organclles are lagking in prokaryotes. They do possess a

cytoplasmic membrane of a different chemical composition. The photosynthetic bacteria
are unusual in possessing internal lamellac that resemble membranes. The one organelle
common o cukaryotes and prokaryotes is the ribosome. However, ribosomes are not
membrane-bound. The densily of the ribosomes is measurcd as sedimentation cocfficient
and expresscd as Svedberg units (S). Prokaryotic ribosomes are 708 and cukaryotic
ribosomes are 80S. OF great interest is the fact that in the eukaryotes ribosomes occur
both in the cytoplasm and in the organclles, mitochondria and plastids. Whereas the
cytoplasmic ribosomes are the 808 type, those of the organelles are 70S type, as in the
prokaryotes. It would appear as though the milochondria and plastids are equivalent to
some prokaryotes. This is further supported by the presence of circular DNA within the
organelles. just as in the bacteria. We will discuss the implications of these observations
in the next section.

Many prokaryotic and cukaryotic cells move by the help of flagella. A prokaryotic
flagellum is simpler in structure and is composed of the protein flagellin. The eukaryotic
flageltum is composed of parallel microtubules. In lransverse sections a flagellum is seen
10 have a 9+2 arrangement of the microtubules. There are two central microtubules
surrounded by 9 pairs of microtubules. The microtubules are composed of tubulin
protein. The eukaryotic flagellar structure, when present, is remarkably similar in fungi,
algae, protozoa and plants and animals. This is an indication that the flagellum must
have originated very carly during the course of evolution and must have been present in
the common ancestor of all the modern eukaryotes.

In the Five-Kingdom system of classification of organisms, which we will discuss in
detail, all prokaryotes are placed in the kingdom MONERA. The eukaryotes are grouped
under four different kingdoms: PROTISTA, FUNGI, PLANTAE and ANIMALIA. All
organisms, prokaryotes and eukaryotes, are related through common ancestry. The
present differences are the conscquence of at least 3.5 billion years of evolution since
life [irst originaled on earth. The earliest organisms were prokaryoles. How did the
eukaryotes come about? What caused the diversification of different eukaryotic groups?
A fascinating theory altempts to provide the answers by invoking a scrics of symbiotic
events that occurred more than 2 billion years ago, resulting in cells that were the
anceslors of plants, animals and other cukaryotes. This is the “Serial Endosymbiont
Theory™.

SAQ 1.3

In the following statements fili in the blanks with appropriate words.

1) All living things can be grouped under either the prokaryates or

ii} Membrane-bound ........................... are not present among the prokaryotes.
iii) Eukaryoles are characlerised by e ribosomes,
1v) Flagella of eukaryoles have a ...............oveveoo . arrangement of

microlubules.

v) DNA of eukaryotes are complexed with proteins known as

1.6 EVOLUTION BY ENDOSYMBIOSIS

The carliest organisms were prokaryotic and did not possess such organclles as a true
nucleus, mitochondrion, (lagellum or plastid. How did these organelles cvolve?
Mulalions and genctic recombinalions are two mechanisms that generate vartatlions
among organisms. Natural selection acls upon these variations resulting in the evolution
of more complex structures and organisms. It was once believed that mutation and



recombination could have been responsible for the internal differentiation of the above Plants and Related Organisms
organelles within the prokaryotic ancestral cells. Most biologists now believe that a and their Classification
differem mechanism, namely, symbiosis, might have played a major role in the cvolution

of organclles and more advanced groups of organisms.

Symbiosis is the living together, in close association with one another, of two or more
dissimilar organisms. This association may range from parasitism, in which one
organism benefits by deriving nutrients from the other, to mutualism, in which both
partners benefit [rom cach other. The association between nitrogen-fixing bacteria and
roots of leguminous plants is a good example of mutualism.

The Endosymbionl Theory postulates that the mitochondria and plastids are descendants
of once free-living prokaryotes. The endosymbiont theory is explained in Fig. 1.2. The
prokaryotic ancestor would have possessed naked DNA without associaled proteins or a
nuclear membrane. It also had 708 ribosomes typical of all prokaryotes. Condensation of
the nuclear material and the internal differentiation of a nuclear membrane would have
uansformed such a prokaryate into an cukaryote. The ribosome too would have
undergone biochemical changes resulting in 80S type of the eukaryotes.

The endosymbiont theory suggests that the ancestral eukaryotes might have acquired
their nutritional requirements by engulfing and digesting other prokaryotes. Organisms
that dedve nutdtion by this mode are known as phagotrophs. It is likely that prokaryotes
might have also invaded the eukaryotic cells. Mitochondria like prokaryotes might have
originally entered ancestral eukaryotic cells as invading or engulfed prokaryote. The
prokaryote was not digested by the eukaryote. Neither did the prokaryote kill the host
eukaryotic cell. Instead jt was stabilised within the cukaryotic cell resulting in a
symbiotic relationship between the two. The prokaryote could have carried on more
efficient respiratory breakdown of nutrients to generate energy-rich compounds such as
ATP. These could have been used by the eukaryotic cell which in turn supplied
nutrients necessary for the prokaryole to rurvive. In course of time the prokaryote would
have lost its cell wall and differentiated internal membranes thus evolving into true
mitochondrion. It is not surprising therefore that the mitochondria of all organisms today
share several characteristics with tHe prokaryotic bacteria. Mitochondria, like bacteria,
arc small in size, about 0.2 to 0.5 [m. They possess circular DNA and 70S ribosomes.
It is interesting to note that some free-living bacteria can synthesise ATP in a process
remarkably similar to respiratory ATP synthesis in the mitochondria.

Eukaryotic cells could have acquired flageila very early in their evolution. This could
have happened either before or after the symbiatic acquisition of mitochondria. It is not
clear how the flagella originated. One possibility is that flagella also originated in a
symbiotic event where a motile prokaryote, not unlike the modern spiral bacterium, was
stabilised as part of a eukaryotic cell. This could have been an advantage to the
eukaryote as it could move around in search of food. Sometime afier the acquisition of
flagella the 9+2 arrangement of microtubules and the centrioles could have evelved.
Centrioles and related spindle fibres were necessary before mitosis and meiosis could
evolve. Mitochondria, flagella and mitosis and meiosis were present in the eukaryoles
before another important endosymbiotic event occurred—the acquisition of chloroplasts.
This was also the time of divergence between the animal, fungal and plant lines of
evolution,

The primitive eukaryotes were nonphotosynthetic. Some of these colourless organisms
were adapted to deriving food from the organic medium around them and such
saprotrophs evolved into fungi. Others were phagolrophs that specialised in ingesting
solid fuod and these evolved into protozoans and higher animals.

Although the early eukaryoles were nonphotosynthelic there were photosynthetic

prokaryotes around them. The cyanobacteria possessed chlorophyll a and evolved

oxygen during photosynthesis. The endosymbiont theory suggests that symbiotic

acquisition of photosynthetic prokaryotes by some ancestral eukaryotes resulted in the

evolution of chioroplasts. This in turn led to the evolution of different algal groups and

higher plants, all of which possess chlerophyll a. Chloroplasls are about 1-6 um in

length, much like the cyanobacterial cells and possess a prokaryolic organisation of

DNA and ribosomes. Modemn algal groups have plastids with chlorophyll a as well as a 13
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few other forms of chlorophyll and other accessory pigments. The plastids of red algae  Plants and Related Organisms
are ultrastructurally and biochemically very similar to modermn. cyanobacteria. The green  end thelr Classification

algal and higher plant plastids are characterised by the presence of chlorophyll a as well

as chlorophy!l b. A most interesting discovery made in recent years has revealed the

existence of at least threc genera of prokaryotes which possess both chlorophyll a and b.

Considerable research is now devated to the study of these organisms known as

prochlorophytes. The prochlorophytes are either treated as a separate division of as &

small group within the division Cyanobacteria. It is likely that an ancestral

prochlorophyte was the progenitor of green plant chloroplasts.

The endosymbiont theory is revolutionary with far-reaching implications for the way in
which we understand life and ourselves. The theory not only elegantly explains the
origin of different groups of organisms and their organelles but also suggests that behind
the uniqueness of every species lies a history of symbiotic coevolution. The
mitochondria in all your cells are related to the mitochondria in a neem plant, the
mitochondria that were part of the extinct dinosaurs, and ultimately to some prokaryotes.
Descendants of once free-living photosynthelic bacteria are now the chloroplasts that .
synthesise food for us in a rice leaf.

SAQ 14

Match the words in column A with the most appropriate words in column B.

Column A Column B
i}  symbiosis prokaryotes D
iiy phagotrophs Prochlorophtes I:]
ii) mitochondria eukaryoles D
iv) chlorophylls a and b enpulfing of food D
v) mitosis ATP D
vi) Monera mutualism D

1.7 CLASSIFICATION OF ORGANISMS

Classification of living and nonliving objects around us gives us a sense of order of the
world around us. People all over the world have been classifying plants and animals
from time immemorial. In gencral, such classifications are utilitarian. Thus, plants have
been classified as those yielding grains, tubers, fruits, medicines, fibres and many other
products. Plants have also becn ¢classified as herbs, shrubs and trees. One of the \
purposes of classification is to identify a particular organism. If we are asked lo collect
some curry leaves, almost instinclively and effortlessly we go through a process of
classification. We look for a small tree not a herb. The characteristic shape, size, colour
and smell of the leaves confimm the identity of the curry leaf plant. In this process we
have identificd a plant by giving it a unique name — “curry leaf plant™.

Modern biologists also classily and name organisms. This is the science of
TAXONOMY. Unlike common people who deal with a restricted number of organisms
around them, biologists have to name and classify millions of organisms. So far more
than 1.7 million organisms have been named, described and classified by biologists.
New organisms are described and named every day. Tt is eslimated that there may be
nearly 30 million organisms yet to be identified.

For taxonomisls every specics is equally important and as worth studying as any other
species. Considering the vast number of organisms lo be classified it is not surprising

{hat taxonomy is a highly specialised and demanding field of biology- Since all s
1
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organisms are refated to each other through common ancestors modermn LaXonomus(s are
aiso interested in the evolutionary history of the organisms they study. A comprehensive
study of the diversity among organisms and establishing relationships among these
organisms and naming and classifying them is known as SYSTEMATICS. Taxonomy,
then becomes a component of systematics, dealing only with naming and classifying the
organisms. However, such a distinction is seldom made in common practice, and most
biologists usc the two terms, systematics and taxonomy, interchangeably.

Taxonomists identify each species by giving a unigue name to it. The nane of ¢ species
consists of two parts, a generic name followed by a specific name. Both the generic and
specific terms are in Latin following the old practice of medieval herbalists who
described medicinal plants in Latin. Latinisation of plant names is now mandatory as
required by the ruies that taxonomists follow. Naming of plants is known as
NOMENCLATURE. Naming plants by generic and specific terms is known as
BINOMIAL NOMENCLATURE. This practice of binomial nomenclature was slarted by
Carolus Linnaeus in 1753. The common black pepper is identified by the scientifi¢
name, Piper nigrum, a name Linnaeus himself gave to this plant. The betel plant is a
related but distinct species and is known by the binomial Piper betel, The close
relationship between black pepper and betel leaf plants is indicated by their common
generic name, Piper. By convention, the generic and specific names of plants are written
in italics or underlined.

The wwo species of Piper, and other species of this genus, as well as other related
gencra are grouped together in the family Piperaceae. Related families in turn can be
grouped under an order, and related orders under a class. Classes in (urp are prouped
under a division and finally the kingdom. Biack pepper and betel leaf plants are
members of the class Dicotyledonae of the division Anthophyta (flowering plants) of the
kingdom Plantse, 'The International Code of Botanical Nomenclature (ICBN) provides
taxonomists with rules and recommendations to guide them in the selection and
application of names to a TAXON. A taxon (plural, taxa) is any taxonomic calegory,
such as species, genus, family ete.

Every plant that has been properly described, identified and named is represented by a
dried herbarium specimen in one of the many reputed herbaria around the world. This
all-important specimen is known as the TYPE SPECIMEN and is the fina reference
point in disputes regarding the identity of the species.

The earliest systems of ciassification were ARTIFICIAL. In an artificjal system
characters such as flower colour, habil of the plant or shape of the leaves may be used
for classification. While such classifications may help in the accurate identification of a
plant they do not explicitly bring out the evolutionary relationships between plants.
When Linnaeus grouped the plants known to him into 24 classes, he followed a very
anificial system of classification. He classified planis on the basis of the number, union
and length of stamens of their flowers. Most modern systems of classification are
NATURAL. A natural system of classification is also known as a PHYLOGENETIC
System. A phylogenctic system of classification groups organisms according to their
evolutionary affinities, A variety of characters are used to arrive at such a classilication.
These may be morphological, anatomical, biochemical and molecular. In recent years
variations that exist at the molecular level in the organisation of DNA, ribosomal RNA
and proteins have been employed to determine evolutionary relationships,

SAQ 1.5

State whether the following statements are true (T} or false (F) by placing the
appropriate letters in the space provided. .

i} Taxonomy is the science of classifying and naming organisms. D
ii) Binomial nomenclature aims at giving two alternate names to evEry organism. D

iti) A phylogenetic system of classification brings out evolutionary relalionships I:l
among the organisms.



iv) Artificial systems of classification do not help in the accurate identification of I:l Plants and Related Organtsms
organisms, and thelr Classification

v) In binomial nomenclature the family name is always followed by a.specific D
name. '

1.8 THE FIVE KINGDOMS

We generally classify the objects around us as nonliving and living and further divide
the living things into plants and animals. It has been customary to use the term
“kingdom” to describe the highest levels of grouping. Thus, Linnaeus recognised three
kingdoms — the mineral , plant and animal kingdoms. He assigned about 36,000
organisms either to the plant or the animal kingdom. Now that we know Lhat there arc
millions of organisms, can all of themn be assigned to either one of the two kingdoms?
Are there organisms that possess characteristics so different from the plants or animals
that they should be classified under a different kingdom?

Before the discovery of the microscope it was easy to assign all green and
photosynthelic organisms to the plant kingdom and the heterotrophic to the animal
kingdom. Fungi such as the mushrooms and puffballs were considered to be plants that
have lost their chlorophyll and thus were treated as plants. The microscope revealed the
existence of thousands of unicellular organisms including bacteria that could not be
readily included in the plant or animal kingdom. More than a hundred ycars ago a third
kingdom, PROTISTA, vwas proposed Lo include all organisms that remained uniceliular -
throughout their life. Yet, biologists continued to assign even these unicellular organisms
either to the plant or animal kingdom thus creating somewhat artificial assemblages, One
reason for this situation was that biologists were either botanists or zoologists and it was
necessary to bring all organisms under either one of their purviews for a scientific study
of these organisms.

Biologists now agree that the living world cannot be so neatly divided into just two
kingdoms. The prokaryotes are so different from the eukaryotic fungi, plants and

animals that they are assigned to a separate kingdom. The fungi too appear to have
evolved very early from heterotrophic eukaryotes and differ in so many ways [rom green
plants that they are accommeodated in a separate kingdom. The affinities of many '
unicellular organisms — known by the collective term prolists — are too poorly
understoad to be assigned Lo a specific kingdom.

One of the most widely accepled classification of organisms is the FIVE-KINGDOM
scheme originally proposed by the American scientist R H. Whittaker. A simplified
version of the five-kingdom scheme is presented in Figure 1.3.

According 1o this scheme all the prokaryotes are included in the kingdom MONERA.
Some authors have suggested that the term Monera be replaced by the term
PROKARYOTAE for the bacterial kingdom. Most single-celled eukaryotic organisms
as well as the multicellular algae are members of the kingdom PROTISTA. (It shoukd
be mentioned that the kingdom Protista was originally proposed to include only

those organisms that remained unicellvlar throughout their life cycle). The term
PROTOCTISTA was suggested as the name for the kingdom that also includes the
multicellular algae. However, we will use the term Protista rather than Protoctista.since
the former is in more common use). Multicellular eukaryotic organisms are divided into
three kingdoms, PLANTAE, FUNGI and ANIMALIA. This scheme is based on the
recognition of three levels of organisation and three principle modes of nutrition. The
bacteria in kingdom Monera are prokaryotic. The protists are eukaryotic and may be
unicellular or multicellular. The plants, fungi and animals are eukaryotic. Plants and
animals are multicellular but the fungal kingdom includes both unicellular and
multicellular organisms. In terms of nutrilion the plants are photosynthetic and
thercfore autotrophic. The fungi obtain nutrition by absorplion while the animals

ingest their food.
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A classification of bacteria, protista, fungi and plants is presented in Table [.2.

Table 1.2 : Selected Groups of Organisms of The Five Kingdoms

| Angiosperms

Kingdom Division Commbon Name
. MONERA ARCHAEBACTERIA Archaebacteria
(FROKARYOTAE) EUBACTERIA True bacteria
CYANOBACTERIA Blue-green algae, Prochlarophytes
2. PROTISTA DINOPHYTA Dinoflagellates
XANTHOPHYTA Yellow-green algae
CHRYSOPHYTA Diatoms and Golden brown algae
PHAEOPHYTA Brown algae
CRYFTOPHYTA Cryptomonads
RHODOPHYTA Red algae
EUGLENOPHYTA Euglenoids
CHLOROPHYTA Green algae
3. FUNGI MYXOMYCOTA Slime molds
(MYCETAE) OOMYCOTA Water molds
CHYTRIDIOMYCOTA Chytrids
ZYGOMYCOTA Bread molds
ASCOMYCOTA Sac fungi
BASIDIOMYCOTA Club fungi
DEUTEROMYCOTA Imperfect fungi
(Lichen Fungi} Lichens
4. PLANTAE
Bryophytes BRYOPHYTA Liverworts, Homworts and Mosses
Preridophytes * PSILOTOPHYTA Whisk ferns
LYCOPODIOFHYTA Club mosses
EQUISETOPHYTA Horsetails
PTEROPHYTA Ferns
Gymnosperms CYCADOPHYTA Cycads
GINKGOPHYTA Ginkgo
CONIFEROPHYTA Conifers
GNETOPHYTA Gnetum elc.
ANTHOPHYTA Flowering plants

Note: Vascular plant divisions of exclusively fossil plants are omitted in this
classification. Only the algal members are shown in the kingdom Protista.

VIRUSES are simple structures that can infect other organisms and reproduce

themselves in the host cells. All viruses are parasites. However, viruses are not cellular
and they are not included among the organisms of the five kingdoms Viruses are neither
prokaryotes nor cukaryotes. Biologists now believe that viruses may not be a coherent
group of organisms. They are probably more related to the genetic malter of the hosts
they infect than to cach other or any other group of oIganisms.

The five-kingdom classification is not the final word on the grouping of organisms
we find on carth. As we will sec below botanists are not unanimous about the
circumscription of the. plant kingdom. The kingdom Protista is considered to be an
artificial assemblage of organisms whose true affinities are imperfectly understood.
No system of classification is perfect. As additional information becomes available
our concepls change and the classification schemes are also modified.
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ANIMALIA FUNGI PLANTAE
Angiosperms
Gymnosperms
Pteridophytes
Bryophytes
Green algae
PROTISTA
EUKARYOTES
MONERA PROKARYOTES

Archaebacteria Eubacleria
Cyanobacteria

Fig. 1.3 : The Five Kingdom Classification.

1.9 WHAT ARE PLANTS?

In this course on Plant Diversity you will be learning about cyancbacleria, fungi, several
algal groups and the land plants. The cyanobacteria are prokaryotes and hence, tue
members of the kingdom Monera. The fungi too are members of the fungal and not
planl kingdom. These organisms are included in this study on plant diversity for several
rcasons. The cyanobacteria, also known as blue-green algae, are traditionally studied by
phycologists (=algalogists) who also study other algal groups. Although they are
prokaryotes, the cyanobacteria possess chlorophyll a and evolve oxygen during
photosynthesis just as eukaryolic algae and plants do. The cyanobacteria also occupy
fresh and salt water and terrestrial habitats similar to other algal groups. The
endosymbiont theory suggests that different cukaryotic algal groups might have evolved
through the symbiolic acquisition of ancestral cyanobacterial cells as plastids. At least
two members related to cyanobacteria possess both chlorophylls a and b, pigments found
in all green algae and plants.

Fungi 100 have been traditionally studied by botanists. The fungal thatlus resembles the
algal thallus in general construction. Fungi reproduce by spores as many algae do. Al
least some fungi might have evolved from algal ancestors after secondarily loosing
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Diversity of Plants and photosynthetic pigments. As pathogens many fungi are intimately associated with plants,

Related Organisms About 80% of vascular plants have fungal association in their roots. This mycorrhizal
association helps higher plants obtain nutrients from the soil. Fongi play an important
role in recycling dead plant material. Thus, a knowledge of the cyanobacieria and fungi
helps us in understanding their relationship, to plants as well as the role they play in the
life of true plants.

Are algac members of the plant kingdom? The algae are a diverse group of organisms
that had their origins when primitive eukaryotes acquired different kinds of plastids
through symbiosis. Some of the unicellular algae are probably so distantly related to
the plants that they should not be placed in the plant kingdom. On the other hand, the
green algae are closely related to the land plants. It is now believed that land plants
evolved from an advanced green algal group. Thus, any circumscription of the plant
kingdom is likely to create problems. If we include only the bryophyies, pteridophytes,
gymnosperms and angiosperms in the plant kingdom, as shown in Figure 1.3, then their
immediate ancestral group, the green algae, is excluded from the plant kingdom. I we
include the green algae in the plant kingdom then we will be adding many unicellular
algae in a kingdom that is otherwise strictly multicellular. As mentioned above, in one
recent version of the Five-Kingdom classification, Whittaker and L., Margulis restrict the -
‘plant kingdom only to multicellular organisms. All algal groups including the Ereen
algae are included in the kingdom PROTISTA which also includes unicellular protists.

The consensus now developing among botanists is to use the term, “plants” to refer only
to the multicellular land plants. The land plants include the bryophytes, pteridophytes,
gymnosperms and angiosperms.

Figure 1.4 summarises the relative abundance of different groups of organisms thar are
included in the study of plant diversity. As discussed above this table includes
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organisms that belong to four kingdoms: Monera, Fungi, Protista and Planls.

SAQ 16

Choose the single best answer.

i)y  In the five-kingdom classification which one of the following group of organisms is
included in the plant kingdom:

a) mushrooms

by fems

c)  green algae
d)  cyanobactera
¢)  lichens

ii)  Bacteria should be assigned to the kingdom

a)  Protisia :
b)  Plantae

¢) Monem

d) Animalia

¢) Fungi

iiiy Fungi are traditionally studied by
a)  zoologists

b  algalogisis
c)  bryologists
d)y  botanists

¢)  virologisis

iv)  Plants are characterised by the presence of chlorephylls
a) aandd -
b) aandc
c) aand b
d) aonly
e) aande

110 ENVIRONMENTAL DEGRADATION AND
PLANT DIVERSITY

As students of biology we must be interested not only in the diversity, cvolution and classification
of organisms but also in protecting and conserving the biodiversity. The term biodiversity has
assumned great significance in recent years as people of all nations are trying to document the
biological wealth of their countries and evolving measures [o protect their biodiversity. More than
170 countries are signatories of an impottant international agreement that was reached in June
1952 at the Convention on Biolegical Diversity held in Brazil. Why are peaple so concemed
about biological diversity?

Various fonms of envircnmental degradation are now threatening the survival of a large number of
organisms. Human beings have cleared forests, hunted down many animals, polluted the soil,
water and air, and have severely altered the balance that maintained the world's ccosystems over
millions of years. Some scientists estimate thal as many as 100 species may be becoming extinct
everyday. This high rate of extinction never occummed on earth before. Obviously human beings
are entirely responsible for this unprecedented threat to life on eanth.

Loss of habitat is one of the major causes of threat to organisms. Moist tropical forests cover
only about 7% of the land area of the world. Yet these forests are home for 50% of ali kinds of
plants and about 80% of all animals that live on earth. India once had extensive forest cover and
a rich biodiversity. Today the area covered by forests has dwindled to about 19.44% of its
original cover; only 11.7% of the land is covered by dense forests. In spite of this India is ranked
about 8- 10th in total species diversity, in the world.

Table 1.3 lists the number of species described in major groups of organisms in the world and
India. This is a selected list and does not include all groups of organisms described so far. Of the
nearly 1.7 million species described from all over the world about 114,000 are known from India

Plants and Related Organisms
and their Classification
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There are about 15,000 species of flowering plants distributed among 315 families in India. Of
these, about 5,000 species are endemic, that is, they are restricted to India. Figure 1.5 reveals that
India occupies the 10th position in the world in flowering plant diversity. Brazil is the world’s
richest in terms of flowering plant diversity; it has 55,000 species. Because of.its fchness in
flowering plants as well as amphibians, reptiles, birds and mammals, India is one among the 12
megadiversity countries of the world.

Table 13 : Blodiversity in India

Organisms Number of specles in

World India
Prokaryotes 4,000 1,000
Pungi 95,000 20,000
Algae 24,000 2,000
Bryophytes 23,000 2,800
Preridophytes 11,000 1,000
Gymnosperms 200 65
Flowering Plants 260,000 15,000
Insects 750,000 50,000
Fishes 21,700 2.500
Amphibians 5,000 200
Reptiles 6,000 430
Birds 9,000 1,300,
Mammals 4,200 350

Scientists have also identified 18 “hot spots” in the world that are very rich in biodiversity. Two
of these hot spots occur in India One is the Westem Ghats and the other the Eastemn Himalayas.
They harbour a Jarge population’of plants; animals and ricrobes. About 1,600 endemic species of
Howering plants occur in the Western Ghats. There are about 3,500 such endemic angiosperm
species in the Eastern Himatayas,

India is also one of 12 centres of agrobiodiversity in the world. About 3,000-5,000 species of
economically important plants occur here. These include about 1,000 of wild edible plants and
about 1,500 species of medicinal plants, There are about 165 species of crop plants cultivated as
agricultural or horticulural plants. Crop plants such as rice, black gram, pigeon pea, egg plant,
mango, jack fruit, cardamom and black pepper were first domesticated in the Indian region.
Scientists have recorded that about 320 species of wild plants are related to our crop plants and
uumforepossessﬁchgencpoolmalcanbeusgdloﬁ.uﬁmimpmvemecrmplams.

As population increases and people put great dernands on natural resources and degrade the
environment many thousands of organisms might perish. It has been estimated that about 10% of
India’s flowering plants are in the reatened category. About 90 species of plants previously
described could not be located in the past 50 years. Living things need our protection. It is ,
possible to bring individual plants and animals and protect them and multiply them in botanical
gmﬂensandzms.Seedsandsmneorganimampmbahlybekcp{inéoldstorageforlong
periods. Such measures of protection are known as ex situ conservation. However, a better
method is in sitn conservation of protecting species in their natural habitats, This requires
conserving entire ecosystems so all the component organisms can interact and evolve.

India now has an impressive network of such in siby conservation sites known as Protected
Areas, There are two major kinds of legally protected areas, namely, National Parks and
Sancﬁm:ies.'Ihﬂearemca'eﬂJanBONaﬁonﬂPadGmdeanmﬁ&mdmmeregionsam
planned to be declared as Protected Areas. In addition, legal protection is also afforded to many
wetlands, mangrove forests, coral reefs and selected areas declared as biosphere reserves. There
are also thousands of small areas traditionally protected by the rural people as Sacred Groves.

As you study plants end other organisms you should leam to appreciate the importance of
biodiversity, how it has evolved, how it is maintained in natme, what use it has for humen belngs
and how it is now (breatened by human activities. This will provide you with kmowledge
necessery 1o meaningfully respond to the present ecological crisis.



Fig. L5:  POSITION OF INDIA AMONG 25 COUNTRIES RICH IN FLOWERING PLANTS.
(From GLOBAL BIODIVERSITY : STATUS OF THE EARTH'S LIVING RESOURCES.
CHAPMAN AND HALL, 1992)
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SAQ L7 Plants and Related Organisms

and thelr Classiflcatlon

Fill in the blanks with suitable data/words.

i}
i)
ii)
iv)
v)
vi)

- vii)
viii)
ixy

X)

xi)

Only BDOUL ... ecensveennns of India’s land area is covered by dense forests:
There arc about . ..c.vvveeeeneennanns species of flowering plants found in India
........................... is a major cause of extinction of species.

India is onc of the twelve ... countries in the world,
.............................. are responsible for the current environmental crisis.

AbOUL ...coiectieiiieaenr. o Of India's flowering plants are in threatened category.
Species restricted to @ couniry or an area are KnOWn & ........ocovvvuniiiinnn. species.
The two “hot spots”’ of biodiversity in India are ..............0cce 111
The two major kinds of Protecied Areas of India are ........c.ooeeee. and ...oveeen

Protection of organisms in their natural habitats is known a5 ........cccevivininnnaeee
conservation.

India is ranked aboul ............... VO among countries of rich biclogical diversity.

111 SUMMARY

In this unit you have learnt thai:

Life originated about 3.5 billion years ago.

Life originated from nonliving matter in an atmosphere devoid of oxygen, rich in reducing
substances, and at high temperatures. There were several sources of high energy.

The carliest organisms were prokaryotes. As prokaryotes evolved into eukaryotes several
endosymbiotic events resulted in the evolution of organelles such as mitochondria and
plastids.

Bacteria and cyanobacteria (blue-green algae) are prokaryotes, All other organisms are
enkaryotes,
Scientisls estimate that there may be 10-30 million species now living on earth.

Plants and other photosynthetic and chemosynthetic organisms Ihat obtain their carbon
requirements from inorganic CO, are autotrophs. All other organisms are heterotrophs.

1t is difficult to define life. However, a set of characteristics help distinguish living from the
nonliving.

Classification of organisms aims al grouping evolutionarily related members into nahwal or
phylogenetic systems.

All organisms can be classified under one of the foilowing five kingdoms: Monera, Protista,
Fungi, Plantae, Animalia.

Viruses are not cellular and are not considered to be true organisms.

Every organism is given a unique name consisting of a generic and specific terms.
Taxonomy is the science of naming and classifying organisms.

Most biologisls include only the bryonhytes, pieridophytes, gymnosperms and angiosperms in
the plant kingdom.

Land plants originaled from some advanced green algal ancestor.

India is onc of iwelve megadiversity countries in the werld. India is also very rich in
agrobiodiversity.

India has about 13,000 flowering plants. About i0% of these are threatened because of
environmental degradalion. :

1.12 TERMINAL QUESTIONS

IR

What do you understand by diversity in Lhe living world?
25
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8. Wh_y are pEE)pl_c_cbnccméd a_]::ooul biodiversity? Why is India considered 10 be one ameng the

world's biodiversity-rich countries? ............c.coll

.............................................

113 ANSWERS

Self-Assessnent Questions
L @ F () T Giiy F v} F vV} E i) T
12 @ b {ii) c (i) e {iv) b
13 a) eukaryotes
b) organelles
cy B80S
d 9+2
e] hislones
14 (i} mutudism {ii) engulfing of food (iii) ATP
(iv) Pmochloron {v) cukaryoles {vi) prokaryoles
15 @ T (i) F (i) T (iv) F v F
6 () b (i) c (i) d (iv) ¢
1.7 @ 11% (i) 15000 (ili) Habitat loss (iv) megadiversity

(v) Human beings (people) (vid 10%

(viii) Western Ghats Eastern Himalayas
(x) in s’ (xi) 10th
Terminal Qurestions
refer to section 1.2
refer to section 1.3
refer to section 1.4
see Table 1.1
refer to Figure 1.2
see Table 1.2
refer to sections 1.8 and 1.9 and Table 1.2

refer 1o section 1,10

2 I T o -

{vi) endemic

(1x} National Parks Sanctuaries

Planis and Related Organisms

and thelr Classlfication
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2.1 INTRODUCTION

In Unit 1 you learnt about the origin of life, diversity of living things, classification of
organisms and what are the different groups of organisms that are studied by botanists.
The rest of this course on plant diversity is devoted to a study of individual groups,
namely, algae, fungi, bryophytes and pteridophytes. The gymnosperms and angiosperms
are discussed in Plant Diversity — 2.

In this Unit you are briefly introduced to the characteristics of the different groups, from
cyancbacteria to the pteridophytes. Table 1.2 gives a broad ouline of classification of
organisms into kingdoms and divisions. In this Unit current views on further
classification of different groups are summarised. You will note that modern
classification schemes are strongly phylogenetic and try to bring out the evolutionary
history and relationship among the vadous taxa in each group.

The purpose of this Unit is to give an overview of the different groups of organisms
you will be swudying. These groups are; 1} The cyanobacteria which are prokaryotic and
along with bacteria, are members of the kingdom Monera. 2) The funzi which are
eukaryotic and nonphotosynthetic members of the fungal kingdom. 3) The algae, ail of
which are cukaryotes, photosynthetic and may be unicellular or multiceliular jn
organisation. All these are members of the kingdom Protista, 4) The bryophytes which
are true land plants that produce embryos but do not have highly developed vascular
tissues for conduction of food and water, and 5) The pteridophytes which have smbryos
and well-developed vascular tissues. They include the familiar ferns and a number of
allied plants of ancient lincages. The bryophytes and pteridophytes are true merrbers of
the plant kingdom. '

- Objectives

After reading this Unit you will be able to
® describe the characteristics of different groups of organisms,

® contrast the characteristics that are the basis of categorising the organisms in
different groups, :

e discuss the diversity within each group of organisms,

® explain how biologists classify each group and

¢ discuss the evolutionary history of each group.



Introduction to Cyanobacterin,

2.2 CYANOBACTERIA Fungi, Algae end Lower Planis

The c_yanobacteria are true bacleria (singular, bacterium), They are prokaryotes and do
not possess a true nucleus or membrane-bound organeiles such as milochondria or
plaslids. Like other prokaryotes they have 703 ribosomes. Although there are other
bacleria which can pholosynthesise, the cynaobacleria are unique in possessing the
pigment chlorophyll a. This pigment is also present in algae and plants and is
responsible for the evolution of oxygen during photosynthesis. The photosynihetic
bacteria possess a different kind of pigment, bacieriochlorophyll which does nol permit
oxygen evolution during bacterial phatosynthesis.

The term *'cyan” in cyanobacteria refers to the colour, blue. Cyanobacteria possess
cerlain accessory pigments such as phycocyanin and phycoerythrin. The presence of
these pigments and chlorophyl] a together impart characteristic colour to these
organisms. It is for this reason that the cyanobacteria are commonly known as blue-
green algae. Like true algae they also evolve oxygen during photosynthesis and often
occupy habitats where algae occur, in fresh, marine and brackish water bodics and on
moist soil surface. However, true algae are cukaryolic and the two are nol immediately
relaled.

Since the affinitics of the cyanobacieria arc with the other bacleria we must briefly
examine these organisms for a more complete piclure of the position of cyanobacleria in
the world of living things. About 4,000 species of bacleria have been described so far.
These include about 1,700 species of cyanobacteria. Although small in number of
species, bacteria arc the most abundant of all organisms. They are also the most ancient.
(Not the amoeba, which is a eukaryole of later origin), Bacteria are known in the fossil
record as far back as 3.5 billion years ago. Bacleria are morphologically and
anatomically the simplest of organisms. Yet, metabolically they are very diverse. Many
bacteria are identified not by the morphology of the individuals but by Lheir
characteristics in culture.

Bacteria are very small, ranging in size between 1 to few pm. A most unusual discovery
was made in 1993 of a bacterium living in the intestinal tracts of a surgeonfish thal is
600 pm in length! Bacteria vary in shape. Some are rod-shaped, others spherical and yet
others spiral or even comma-shaped. Tiny as they are, bacteria are responsible for
aclivities that strongly affect our lives. Many are agenls of serious discases of human
beings, animals and plants. Others ferment food and are thus uscful in making varied
products such as curd or ‘idli* as well as many industrial chemicals. Some are the
source of life-saving antibiotics.

Bergey's Manual of Determinative Bacteriology is the standard reference for the
classification of bacleria. Since sufficient information is not available to place all
bacteria into a hierarchical system of classification, lhe Bergey's Manual recognises
19 major groups such as the spirochactes, Gram-positive cocci, gliding bacteria,
mycoplasma and actinomycetes. Cyanobacleria is included in one such group. The
classification of bacteria is an aclive area of research. In recenl years molecular
biologists have analysed the structure of ribosomal RNA (rRNA) and the sequence of
fRNA nucleotides in bacteria and other organisms. Such analysis has revealed
fundamental differences among two major bacterial groups, lhe ARCHAEBACTERIA
and EUBACTERIA. Differences have also been noled in the chemical composition of
the cell membranes of these two bacterial groups and the cukaryoles.

The American scientist Carl Woese considers (hal the dilferences between the
archacbacteria and the eubacteria are as fundamental as between these groups and the
cukaryotes. Thus, life on this planet is considered to comprise of three ancient and
primary lincages. The three ancicnt domains are shown in Fig. 2.1. The cyanobacleria
arc members of the true bacterial lincage. The archacbacteria include members Lhat live
in most unusual environments such as very hot and acidic pools or in waters with
extremely high sall contents. Some members of (his group live in decp sca vents several
kilometres below the ocean surface. The bacteria which produce methane pas arc called
mcthanogens.
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BACTERIA

Bacteria
Cyanobacteria
Mycoplasma

Cyanobacteria are of great evolutiona:yl\intereéi-. According to the endosymbiont theory
some ancestral cyanobacterial celis becdtﬁp_the'plas(ids of different algal groups. The
plastids of red algae resemble the cells of ‘eyanobacteria and both possess chlorophyll a
and biliproteins. The green algae and plants possess both chlorephylls a and .
Although most cyanobacteria possess only chlorophyll a at least three Organisms are
known (o contain both the chlorophylls. Prochioron didemni live as symbionts in the
gut walls of sea squirts. Prochlorothrix hollandica was recently discovered i1|1 lakes in
Holland. More recently Prochiorococcus was discovered as a free-Noating form in open
seas. All these organisms possess chlorophylls a and &, and their cells resemble the
chloroplasts of green algae and plants. For this reason, some authors describe them as
prochlorophytes and include the three genera in a separate division or class. Some
ancestral prochlorophyte was perhaps the endosymbiont that evolved into the green
plant chioroplast. )

ARCHAEA EUKARYA

Archaehacteria PLANTS
living in
hot and acidic ANIMALS
or saline
chvironment FUNG1

PROTISTS
Methane producers

Fig. 2.1 ' Three domains of organisms representing anclent and primary lineages,

SAQ 2.1

Indicalg whether the following statements are true (T} or false (F) by pacing the
appropriate lelters in the space provided,

i) Blue-green elgae are closely related to the green algae
ii) Cyanobacteria possess chlorophyll a and evolve oxygen

iti) Archaebacteria are prokaryotes and eubacteria are eukaryotes

iv) « Prochioron is an unusual prokaryote with chlorophyils

v) Bacteria are among the simplest of organisms in terms of

/

rather than to the bacleria,

during photosynthesis.

a and b.

o000 ag

Structural erganisation,



2.3 FUNGI

Fungi are a vast assemblage of 95,000 organisms. All of them completely lack
photosynthesis. They are heterowrophs that depend upon other living or dead mater for
nutrition. As parasites many are serious pathogens on other plants. As saprotrophs they,
along with bacleria, degrade dead organisms and release organic chemicals and

nutrient elements so they can be recycled. About 13,500 fungal species have a unique
association with some algal pariners resulting in symbiotic structures known as lichens.
The majority of higher planis possess mycorrhizal association where some species of
fungi live as symbionts inside or around the roots.

Fungi are eukaryoles. They are an ancient group. Fossil evidence shows that all major
fungal groups known today had alrcady evolved by the end of the Paleozoic era, aboul
280 million years ago. At a time when all living things were grouped under either thz
animal or the plant kingdom the fungi were thought 1o be plants. We now place all
fungi in the kingdom, Fungi (Myceate). Members of this kingdom lack plastids. They
are mostly filamentous in construction. Except in onc group their walls contain chitin
rather than cellulose. Fungi do not store starch as planis do. The filamentous structurcs

that make up the fungal body are known as mycelia (singular. mycelium). Although the |

filaments arc microscopic, the extensive growth of fungal mycelium can.be seen as a
fuzzy mass. The reproductive bodies of some fungi such as the mushrooms are made up
of well defined aggregates of mycelia. Complex tissues and organs characleristic of the
plants are never found among the fungi. Fungi reproduce by spores (before you read on
have a good look at the figures of fungi in Unit 7, Block 2). '

In spite of the many features that seem to unite the members of the fungat kingdom the
fungi are a heterogenous group. Fungi are classified into 7 divisions (Table 1.2).
Relalionships among these groups are shown in Fig. 2.2. The slime molds
(Myxomycota) are not true fungi. They appear to have evolved independently from some
protozoan ancestors. In their vegetative phase the slime molds lack a cell wall. The
wall-less cells aggregate to form an amocba-like mass that moves around and engulfs
bacteria and olher organio matter, Two groups of slime molds are known: the plasmodial
slime molds with a multinucleate true plasmodium and the cellular slime molds. The
vegetative body of cellular slime molds is a pscudoplasmodium where the aggregating
cells retain their cell membranes and individuality. Slime molds produce motile spores.

The ocomycetes or water molds differ from other fungi by the possession of cellulose in
their cc]l walls, The fungal body is diploid rather than haploid as in other true (ungi.
These and other features of reproduction and metabolism suggest that the comycetes are
not reldted to other fungal groups. They might have evolved from some green or
yellow-green algal ancestors after losing their_plastids.

The chyltrids arc simple water molds that live as parasites or saprotrophs. Because they
possess motile spores they are often classificd with the comyccles. However, the
chytrids have chitin and their filaments arc haploid. They arc probably distantly related
to the bread molds and other true fungi.

The zygomyceles (bread molds), ascomyeetes (sac (ungi) and basidiomyuetes {club
fungi) are evolutionarily related as shown in Fig. 2.2. Nonc of them produce motile cells
al any stage of their life cycle. The fungal (Jaments do nol have sepa (cross walls) in
the zygomycetes. The myceliwn is scptate in the other two groups.

Fungi reproduce asexually and sexually. In sexual reproduction the ascomycetes produce
characteristic structures known as asci (sinpular, ascus). Basidia are the equivalent
struciures among the basidiomycetes. A [ungal species can be assigned 1o either one of
these groups only when they produce an ascus or basidium. A vast number of {fungi,
about 22,000 specics, reproduce only ascxually, or sexual cycle has not been observed
yet, Because their life cycle is imperfectly known and they cimnot be assigned with
confidence to cither one of the groups they are known as Fungi Imperfecti. The
divisional name Deuteromycota is often used [or this group of imperiect fungi. When
the sexual life cycle is known the specics is automalically assigned Lo-gither the
ascemyuceles or the basidiomycetes.

Introduction to Cyénobacteria,
Fungi, Algae and Lower Plants
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Lichens are unique organisms consisting of a fungal and an algal panner. Less than 40  Introduction to Cyancbacteria..
algal ar cyanobacterial species enter into this associalion. Yet, there are about 13,500 Fungi, Algae and Lower Plunts
species of lichens! The characteristic form of each lichen appears to be determined by
the fungal component. About 2% of the species have either a basidiomycele or an
imperfect fungus as the fungal panner. The remaining 98% of lichens are composed of
ascomycele species. The lichens are not considered to be a scparate taxonomic category.
Rather, they are (reated as members of the respective fungal divisions, and the name of
" a lichen refers to the name of its fungal pariner.

In Table 2.2 the fungi are divided into 7 formal divisions. In other classifications only

two divisions are recognised, the Myxomycota (slime molds) and Eumycola (true fungi).
The latter is divided into subdivisions and classes ete.

SAQ 2.2

Fill in the blanks with suitable sentences.

i} Cell walls of most fungi contain ............ooveeeeennn ralther than cellulose,
ii) Fungi are heterotrophs and obtain their carbon cOMpPOURdS &5 «....o.ovvniiiorenennnns or
jii) The association of fungi with roots of plants is known as ... while

their association with algae resull in organisms known as ...........ooeeennee .

i) The oo fungi have cellulose in their walls and might have evolved
from algal ancestors.

¥) Flagellated celis are completely lacking in .......coooiiiiinn '

24 ALGAE

Algac are cukaryotes. Most algae live in marine and fresh waler habitats. In the five-
kingdom system described in Fig. 1.3 all algae are included in the kingdom Protista.

This is clearly an artificial grouping, for some of the green algae are more related to

true plants than 1o other algae. Some algal members such as the unicellular cuglenoids
and cryptomonads are probably protozoans thz1 acquired plastids through endosymbiosis.
Indecd of the 36 genera of euglenoids 25 genera do not possess chloroplasts and live as
heterotrophs.

There are about 24,000 specics of algae -described so far, The.algae as a group is
autotrophic, synthesising food through photosynthesis. During photosynthesis they evelve
oxygen as the plants do. Plants and algae differ in many respects. One major difference .
between the iwo groups concerns the way in which reproductive siructures are S
organised. The reproductive siructyres of algae-are not covered by a protective sterile
tissue. Instead all cells are converied into spores or gametes. In plants a sterile jackel

is present as an essential parl of rcproducliv'c struclures.

How can we classify this vast asscmbiage of algae? Phycologisis (also known as

algalogists), use a variety of characters (o help delimit the dillerent algal groups. These
arc summarised below. -
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PLANTS

Chlorophylls @ and

Chlorophytls Y a and &

Xanthophytes

Charophyceae
Brown algae
Green algae Chrysophytes
& Chlorophylls & and d
Diaioms S Phycobilins
" *
&
Q
Red algac
Cryptomonads
Euglenoids

-
Ancesiral Eukaryotes
with Chloroplasts

Fig. 2.3 : Relationship among algal groups

Pigments in plastids, The presence of different chlorophyll pigments and photosynthetic * -
accessory pigments {Fig. 2.3). '

Food reserves. Different algai groups store food as starch, oils etc.

Cell wall. The cell walls may contain cellulose or other polysaccharides. Some algac
have naked cells. Cell walls may be incrusted with silica, calcium carbonate and scaley
S(ruclures,

Flagella. The number and kinds of flagella as well the Iocation of flagella are helpful.

Whiplash flagella have a smooth surface while the tinsel flageila possess fine hairs.
Flagella are complerely lacking in the red algae (Fig. 2.4).

34
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Fig. 24 : Structure and arrangement of Magella in different algal groups. Note that a
Magellum can be smooth or feathery. Flagella are inserted terminally or laterally
und singly or more than one per cell.

Cell division. Four different kinds of cytokinesis are known in algal groups: furrowing,
cell division by phycoplast and two kinds of phragmoplasts (Fig. 2.5)
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Furrowing in unicellular
wall-less algae

r 4
i )
. :

Phycoplast with microtubules.
Cell divides by furrowing.
No cell plate, ‘

Mg
]r

Phycoplast with microtubules.
Puarallel to .cell plate:

Phr,a%moplast with ‘microtubules
at right angles to cell plate.

Fig. 2.5 : Cytokinesis in Algae.

Chloraplast organisation. Ultrasiructure of chloroplast reveals differences in the
organisation of photosynthetic and surrounding membranes (Fig. 2.6),

Morphological organisation. Algal thallus may be unicellular, motile, sessile, colonial,
filamentous, branched, coenocytic or muiticellular with parenchymatouys organisation.

Life cyde. The morphology of the haploid and diploid generations also helps in the
recognition of. different algal groups. Reproduction in_ algae is covered in detail in Unit
4 of Block I-B, Algae.

Figure 2.3 summarises one possible scheme of relationships among the different algal
groups. The red algae (Rhodophyta) probably evolved from some ancestral eukaryotes
after the symbiotic acquisition of a cyanobacterial cell as the chloroplast. Red algai
chloroplasts are remarkably similar to cyanobacterial cells in ultrastructure and chemical
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CHLOROPHYTA

CHAROPHYTA EUGLENOPHYTA

DINOPHYTA

Lipid
droplet
DNA
Thylakoid
bands
Riboesomes
CRYPTOPHYTA
CHRYSOPHYTA
XANTHOPHYTA
PHAEOPHYTA
Thylukoid
hand |
Nucleus
Pyrenoid

Storage produclt

Endoplasmic
reticulum

RHODOPHYTA

Phyl.'()bi”SOIl'ICS

Chloroplast envelop

y @——— S;arch

Fig. 2.6 : Ultrastructure of chloroplasts in dilferent algal groups. 37
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_ composition. As in cyanobacteria, the red algae possess chlorophyll @ and the

biliproteins. In addition the red algae possess chlorophyil 4.

Several algal groups treated as divisions in Table 1.2 are sometimes collectively known
as chromophytes. The chromophytes are characterised by the presence of chlorophyll g
and ¢ This group includes the cryptomonads (Cryptophyta), dinoflagellates (Dinophyta),
diatoms and golden-brown algae {Chrysophyceae), yellow-green algae {Xanthophyta) and
brown algae (Phacophyta). Unlike the red algae all the chromophytes possess motile
cells at some stage of their life cycles. The dinoflagellates do not posséss histones that
are characteristic ‘of other eukaryotes. The chromosomes remain permanently condensed.
These.and other features suggest that the dinoflagellates might represent an independent
line of evolution. .

The green algae (Chlorophyceae) and the euglenoids (Euglenophyceae) possess both
chlorophyli @ and 4. In.this respect they resemble higher plants. However, the
euglenoids are probably more related to the protozoans. The green algae include an
important subgroup, the charophytes, which is considered to’be the ancestors of true
plants. As discussed earlier the plastids of green algae might have originated from cells
similar to Prochloron by endosymbiosis. This prokaryote is unusual in possessing both
chlorophylls @ and b. Many green algae including charophytes and red algae are known
from fossils dated to be 400 million years old,

In Table 1.2 we have grouped algae under 8 different divisions. Some authors recognise
only 4 divisions: Chromophyta, Rhodophyta, Euglenophyta and Chlorophyta and include
others as classes under Chromophyta. It should be emphasised that while phycologists
may study the blue-green algae (cyanobacteria) along with other algal groups the
cyanobeacteria are true prokaryotes related to the bacteria and are hence meinbers of the
kingdom Monera.

SAQ 2.3

Maich the words in column A with the most suitable words in column B

Column A Column B
i) red algae (a) dinoflagellates ( )
ii) diatoms (b) chrysophyceae { )
iii) green algae {c) chlorophylls @ and & « )
1'iv)  condensed chromosomes (dy chlorophylls 2 and ¢ ( )
v)  chromophytes (e) chlorophylls a and d ¢ )

2.5 BRYOPHYTES

Bryophytes are true plants. Three other groups of organisms are also members of ihc\
plant kingdom. These arc the pieridophytes, gymnosperms and angiosperms. Together
they are also known as land plants and embryophytes. All members of the above four
graups of planis produce a multicellular embryo that is nutritionally dependent upon the
maternal tissue and represents the next sporophylic generation. The embryos within the
seeds of flowering plants are familiar 1o you,

The bryophytes differ from 1he other embryophytes by the absence of specialised .
vascular lissues characlerislic of the pteridophyies, gymnosperms and angiosperms. These
more advanced groups possess xylem and phlocm, The xylem is composed of dead
conduclive cells whose cell walls are reinforced by a highly resistant polyphenolic
compound, lignin. All land plants other than the bryophytes are also known as vascular
plants. Bryophytes arc nonvascular Iand ptants. Some members, such as certain mosses,
of the bryophytes do possess conductive lissug that transport water but these conductive
cells do not possess lignified thickenings characteristic of vascular plants.




Some botanists restricl the term ‘land planis’ 1o vascular land plants. However, it is
more desirable to include the bryophytes also as land plants. Land plants have recently
been defined as photosynthelic organisms customarily living on land and having
resalions with olher plants living on land. Land plants have scveral adaptations thal
cnable them Lo survive on a terrestrial kabitat. These include proteclive coverings over
the plant body and pores known as slomata. Land plants must obtain waler from the
soil, To prevent evaporation and desiccation the cpidermis of land plants is covered with
a highly water impermeable cuticle. Spores and pollen are minule reproductive cells
released into the air. Their walls too are made up of onc of the most resisianl organic
chemicals known, sporopollenin. In order 1o regulate entry ol carbondioxide and exit of
water vapour the epidermis is also provided with stomata. A stomatal apparatus consists
of two kidney-shaped cells surrounding a pore. Most land plants including many
bryophytes possess stomata.

Onc of the most interesting fiedds of plant biology is the study of the origin of land
plants, Fossil evidence indicates that authenlic land plants lived aboul 400-430 million
years ago. During this pcnod known as the Silurian there were small, dichotomously
branched plants known as Cooksonia. Cocksonia was a vascular land plant.
Micrefossils of spores, cuticles and conductive tubes have been discovered from 450-
470 million year old sediments suggesting that land plants might have exisicd millions
of years before the arrival of Cooksenia. Bryophyles are not known from such carly
periods. This may be because the fragile thallus of the bryophyles may nat have been
well preserved in fossils.

Scienists now belicve that land plants might have originated from some {resh water
algal members about 470 million years ago. They were probably derived from green
algal ancestors of the group related to modern green algae such as the sloneworts
(Chara and Nisella) and Coleochaete. These charophyccan members share several
structural and biochemical similaritics with the land plants. The ancesltors of land plants
might have resembled some modern Coleochacte. The carliest land plants would have
been nonvascular embryophylces, not unlike some liverworls. It is likely thal two
subsequent lines of evolution might have resulted in the bryophyte and vascular land
plant groups.

There are about 23,000 species of bryophytes described so far. All these are small greeng
plants, measuring in centimetres. and devoid of roots. They occur in a varicty of moist
terrestrial habitats. As is true of other land planis they are multicellular and
parenchymatous. Life cycle consists of a prominent gametophytic and less prominent
sporophytic altcrnation of gencrations., Bryophytes include the familiar mosses, the less
familiar liverworts and hornworis. Bryologists consider these three groups to be closely
related-anid classify them as three classes under the division Bryophyta,

Division: Bryophyta

Classes: Hepaticopsida (liverworts)
Anthocerotopsida (hornwerts)
Bryopsida (mosses)

Some bryologists who consider members of the threc classes 1o be much less relaied (o
cach other elevate them to divisional levels: 1 Hepalqphyla 2. Anthocerctophyta, and 3.
Bryophyta. In species abundance the bryophytes are dominated by mosses (14.000)
foilowed by liverworts (8,500) and hornworts (350).

2.6 PTERIDOPHYTES

Pteridophytes are vascular land plants. Unlike the bryophytes they possess typical xylem
and phlocm tissue characteristic of vascular plants. Like the bryophytes they are also
embryophyles. Peridophytes reproduce by spores but never by sceds. Thus, i is
convenicnt to further classify the vascular plants into non-seed producing pteridophytes
(also known as vascular cryplogames) and seed producing gymnosperms and
angiosperms. The later two groups will be discussed in the course Plant Diversity — 2.

Introduction to Cyanobacteria,
Fungi, Algae and Lower Plants
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The pteridophytes include ferns and their allies. In Table 1.2 the fern allies are classified
under three divisions: Psilolophyta, Lycopodiophyta and Equisetophyta. There are abour .
1.000 species of fern allies. They are descendants of very ancient groups of vascular
plants and arc therefore of great interest to students of plant evolution (Fig. 2.7). About
10,000 species of ferns are included in the division, Pterophyta. We have a rich
collection of fossils that represent many extinct members of pteridophytes including
major groups that are known only from fossils. In recent years scienlists have studjed
these groups in detail and have established possible evolutionary relationships among
the earty vascular plants (Fig. 2.11). Although you may not study representatives of all
these groups it is cssential that we list the major divisions of living and extinct
pteridophytes to fully comprehend the diversity and importance of carly vascular plants:

Extinct pteridophytes known only from fossil record

Rhyniophyta
Zosterophyllophyta
Trimerophyta
Period Epoch MYA
Quarternary 2 ﬂow::ring
— plants —_—
Tertiary &0 I
Cretaceous 140 \
Jurassic 213 cycads
Triassic 248
— - J — —_—
Permian 286 conifer-tvpe (erns
“»f \. sced plants
Carboniferous 360 sced ferns \ [lycophytes
aborescence .
Upper 374 .
Seeds megaphyllous
---------------------- == loiovesemmmnf fom e A -——
\ . IVIITNOSPCris
Devonian  Middle 387 PROSYINIIOSPC zaslerophyllophytes
sccondary prowlh
T T T T T T T Reterospory.
Lower 408 trimerophyies At
!_ microplwlious lcaves
414 e
- 421
Silurian e e e e e e
428 tracheids ¥ Cooksonia ‘?—
438
448
458 first land plants @ y’ ®
468
OrdoviCian — = = e c e e e e e
. T e _
488 .
505
-Cambrian 390
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Fig. 2.7: Geological time chart. This chart lustrates the time of appearance of land plants
and. different groups of vascular plants. Time is given In millions of YEars ago
(MYAD). (After Gensel and Andrews)



Living pteridophytes
Psilotophyta
Lycopodiophyta
Equisetophyta
Pterophyta

Sceme members of the fossil pteridophytes are illustrated in Figs. 2.8 - 2.10. The
geological lime charl (Fig. 2.7} is an imponant aid in our understanding of the history
of plant life. The chart depicts not only the time when various plant groups evolved
or became extinet but also the relationships among the different groups and the
abundance of specics in cach group during the course of ils history. You should also
fefer to Figure 2,11 that presents a simplified version of possible evolutionary
relationships among extincl and living land plants.

The carliest group of vascular plants known from about 420 million-year-old
sedimentary rocks is the rhyniophyltes. The earliest and best known genus of this group
is Cooksonia (Fig. 2.9).

The genus Riyaia evolved soon after. These carly vascular plants had adaptations suited
to live on land. In addilign to culicle, stomata, sporopollenin and a multicellular body
these plants also possessed true xylem lissue consisling of lignified tracheids. The
rhyniophyles might have evolved from more primitive vascular plants which in wrn
might have evelved from some ancestral bryophytes or directly from some ancestral
green algae, A number of well prescrved fossils from the Rhynic chert indicate that
some of them are gametophytes rather than sporophytes (Fig. 2.9). It is likely that
plants superficially resembling each other might have represenled haploid and diploid
generations of the same species.

Another major Devonian vascular plant group was the zostcrophyllophytes. It is likely
that an offshoot of this group developed into the lycopodiophytes (lycopods). The
Iycopods were a successful group that dominated the earth’s vegelation in the
Carboniferous period (Fig. 2.10). Today the lycopeds are represented by only about 200
'species, About 700 species of Selaginella and more than 60 species of fsoetes are
usually siudied atong with Lycopoedium. However, these are more directly related to the
rhyniophytes rather than 1o the zosterophyllophytes.

The trimerophytes also evolved from the rhyniophyles (Fig. 2.11). This is an important
group from which three major vascular plant groups evolved — the equisctaphytes, ferns
and seed plants. The former is now represented by the single penus Eguisesim with
about 15 species. Calamites was a giant member of this group that lived during the
Carboniferous period (Fig. 2.10).

The division Psilotophyta includes two living gencra, Psilonen and Tmesipteris.
Structurally these are the simplest known living vascular plants. Unfortunately nothing
is known of their fossil history 10 relate them 1o extinet groups. Some pleridologists
consider these interesting plants 1o be highly reduced members of ferns rather than any
fern allies.

Introduction to Cyanobacteria,
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Fig, 2.11 : Reconsiructon {ut Univ, of Michigan Museum of Natonal History) of
Carbonilerous landscape dominated by Calamites.
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Fig. 2.12 : Evolution and relationships among vascular land plants.



LAIYCrEILY ol Flants and SAQ 24
Related Organisms

Choose the single best answer

i) Land plants are also known as
8) gymnosperms
b) embryophyies
¢) eukaryotes
d) sporophyles
€) gametophytes

ii} Land plants originated abo t
a) 470 million years ago
b} 200 million years ago
¢} 3.5 billion years ago
d) 250,000 years ago.

iii) Bryophytes do not possess
a) cholorophyll b
b} cuticle
¢) vascular tissue
d) embryos
€) sporopé:llenin
iv) A plant group not included under the pteridophytes
a} ferns
b) rhyniophytes
¢) heormworts
d) lycopods
e) whisk ferns
v) Cooksonia was a
a) liverwort
b} trimerophyte
€) equisetophyte
d} rhyniophyte
¢) bryophyte

2.7 SUMMARY

In this unit you Have learnt

® An overview of the position and classification of prokaryotes, fungi, algae,
bryophyies and pteridophytes are presented.

¢ Cyanobacteria are prokaryotes related to other bacteria. They possess chlorophyll a
and evolve oxygen during photosynthesis much like the eukaryotic higher plants.

® Cyanobacteria-like cells might have been the ancestors of the different kinds of
chloroplasts found in modem algae.

¢ Fungi are eﬁka.ryotes and norphotosynthetic.

¢ The slime molds and oomycetes, although included in the fungal kingdom, represent
distinct lines of evolution, the former from protozoa and the latter from
some algal group,

® The higher fungi, zygomycetes, ascomycetes and basidiomycetes lack flagellated
46 cells and appear to be evolutionarily related to each other.



& Lichens are composed of fungal and algal partners. Most lichens have an Introduciion to Cyanobacteria,
ascomycele as the fungal component. The fungal component appears to determine Fungi, Algae and Lower Plants
the morphology of a lichen.

e A large number of fungi which do not reproduce sexually or whose sexual cycles
have not yet been discovered are placed in the group, Deuteromyceles. -

e Algae are eukaryotic photosynthetic organisms. The dilferences belween algal
groups can be traced back to their symbiotic acquisition of prokaryotic cells with
different chtorophylls.

e The chromophytes, rhodophytes and chlorophytes are distinguished by the presence
of chlorophylls a and ¢, a and d and a and b respectively.

e .The prokaryotic Prochioron which has chlorophylls @ and & represent the kind of”
ancestral cells that might have evolved into plastids of the green algae and land
plants. '

@ The charophycean line of the green algae led to the evolution of land plants.

& Bryophyles and pteridophytes are land plants. Both possess multicellular embryds
and hence are known as embryophytes. The bryophytes are nonvascular plants.

e Land plants evolved about 450 million years ago. Among the adapiations that
helped colonise the land were a multicellular plant body, protective cuticle, stomata
for gas exchange and resistant spore wall with sporopollenin. Vascular
tissues evolved later in the vascular land plants.

e The ferns and their allies are descendants of ancient vascular, nonseed bearing
plants. The Devonian peried witnessed the emergence of rhyniophytes from which
several vascular plant groups evolved, leading ultimately to vascular seed plants, the
gymnosperms and angiosperms.

2.8 TERMINAL QUESTIONS

1. Why are cyanobacteria grouped with bacleria rather than with algae?

2. With the help of a diagram show the possible evolutionary relationships among the
varions fungal groups.

3. What are the characters useful in the classification of various algal groups? What
chloroplast pigments are characteristic of different algal divisions?



Diversity of Plants and 4. Whal are land plants? What adaptations were useful in the colonization of land by
Relaied™Orpanisms - carly plants?

5. Describe the major course of evolution among the vascular plant groups.

2.9 ANSWERS

Self-Assessment Questions
21 )F, (i) F, (i) F. (iv) T, (v T.

2.2 (i) chitin, (i) saprotrophs, parasites, (jii) mycorrhizae, lichens  (iv) oomy}:elé,
(v) zygomyceles, ascomyceles, basidiomycetes,

23 iye, (i) b, (iiiyc, (iv)a, (v)d
2.4 (i) b, (‘ii) a, (i} e, (iv) e, (v)d
Terminal Questions

1. Refer to section 2.2.

2. Refer to section 2.3

3. Refer to section 2.4

4. Refer to section 2.5 and 2.6.

5

Refer to section 2.6.



GLOSSARY

Accessory Plgment :a pigment that absorbs light energy and transfers it to chlorophyll,
e.g., carotenoids and xanthophylls in higher plants.

Actinomycete : A soil-dwelling gram-positive bacterium with its cells arranged in
filamments. It may be used to produce antibiotics such as streptomycin.

Ascus : A sac-like cell in ascomycetes fungi in which ascospores are produced.

Basidium : An enlarged sexual reproductive cell in basidiomycete fungi in which meijosis
occurs, resulting in the formation of basidiospores.

Coenocytic : Hyphae which consist of tubular masses of protoplasm containing many nuclei.

Coleochaete : An advanced preen algae which has an upright system and a prostrate
creeping system that anchors the plant in the substratum.

Gametophyte : The stage of an alternation of generations found in most plants, in which
the haploid plant produces gametes by mitosis which fuse to form a zygote that develops
into the sporophyte.

Gram's Stain : A stain used in the study of bacteria. Beacteria which take the violet stain
are gram-positive while others that do not are gram-negative. Gram-positive bacterta are
more readily killed by antibiotics.

Gram-Positive Bacterium : A bacterium that stains purple with Gram stain and it usually
lacks an outer covering on its'cell wall whereas Gram-negative bacterium stains pink with
Gram stain and usually has an outer covering cn its cell wall.

Mycoplasma : The simplest prokaryotic cell.

Mycorrhiza : The symbiotic association which may occur between a fungiis and the roots
of certain higher plants, especially trees.

Sporophyte : The stage of an alternation of generations found in most plants, in which the
diploid plant (2n) produces spores by meiosis which then germinate to produce the
gametophyte. - -

Sporopollenin : An oxidation polymer of carotenoid pigments and carotenoid esters found
'in spores and pollen grain walls that resists attack by most acids and is stable at temperatures
up to 300°C.

Stromatolites : A fossil forrned by layers of calcarecus blue-green algae.

Tinset: A flagellum with fibrillar appendages.

Tubulin : The protein which forms the major part of microtubules.

Whiplash : A smooth-surfaced flagellum.
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BLOCK 1B ALGAE

In the following five units you will be studying a group of photosynthetic organisms — algae
which are relatively simple compared with higher plants. They show much variety in their
slructural organisation and general biology. It is this diversity which attracted biologists to
choose algae for investigation as the models for understanding biological processes found in
higher plants. Warburg chose single-celled green alga Clilorella for measuring light energy
requircment for pholosynihesis in relation 1o oxygen production. Calvin elucidated the path of
carben during carbon fixation, a preblem that could not have been solved using higher plants
and Emerson discovered the importance of accessory pigments in photosynthesis by using
blue-green and red algae.

In the field of cellular differentiation, development and its control, Fucus egas were
extensively used. Acetabularia is slill the preferred alza for studying the relative roles off
nucleus and cytoplasm at ihe molecular level.

Afler the Second World War several countries developed technology to grow algae like
Chiorella, Scenedesmus and Spirufing on mass scale with a view to use them as food
substitute and as a source of protein. [n facl, even loday many south-cast Asian countries use
them as food additives. Since time immemorial people have béen either collecting algal
seaweed from nature or artificially farming them in coastal seawater,

In recent years, it is because of their biological diversity and the ability to produce a wide
variety of metabolic producls that algae are being expioited extensively in biotechnology.
Several commercially useful compounds needed in pharmaceutical industry, textile industry,
beverages and as gelling agents like agar, alginic acid for ice-creams and other products can
be manufactured from algae.

Algae are used as biofertiliser, for example nitrogen fixing algae which farmers can grow in
Lheir fields are used 1o enricl: soil.

Algae are an important source of food for fresh waler and marine organisms. They also
supply oxygen to tlhem. [t is very necessary lo understand biology of algae to grow fish and
prawns profitably as an industry (aquaculture).

Algae help in controlling pollution in water bodies and also in purification of sewage
economically.

From the account given above we believe that you can see why algae should be studied in
detail. Furthermore, after studying the rest of the blocks you will have a complete picture of
the stages in the evelution of land plants beginning with green algae.

There are five units in this Block.

Unit 3 is on comparative morpliology and cell struclure in algae. Algae show great diversily
in size and siructure. They are unicellular, colonial, filamentous and thalloid in form. Some
are heterotrichous and polysiphonoid in habit. While some algae are micrescopic others
grow very big in size, but they do not form complex organs or tissues. The study of their
ultrastructure under cleciron microscope shows that blue-green algae have prokaryolic lype of
cell like that of bacteria while all cther algae are eukaryolic 1ype.

Unit 4 is on "Reproduction in algae", Algae reproduce by vegelative, asexual and sexual
methods. The types of gametes, gamelic fusion and gradual advancement from primitive to
advanced type of reproductive process are illustrated with suitable examples in this unit,

Unit 5 is on classification of algae. According to five kingdom classification, the prokaryotic
blue-green algae are placed in Kingdom Menera while alf other algae are divided into 9
divisions and-placed in Kingdomn Protista along with non-phetosynthetic protists. The salient
characteristics of each division and their comparative account are discussed in this unit.

Unit 6-deals with habitais and distribution of algae. Algae are distributed in all habitats and
show remarkable adaptability. We will discuss fresh water, marine, soil and sub-acrial algne
as well as algae found in harsh inhospilable habitats. Further. the association of algae with
plants, animals and their symbiotic relationships are also discussed in the unit.

Unit 7 on *Algae and Human Welfare” describes how algae can be utilized by human beings
as food source, animal feed, biofertilizers and energy source. Algae alse provide varinns



industrial and medicinal products ol great value. The vast potential ol algae Ior commnercial
activity is emphasized in the uni,

Objectives

Aller studying this block you should be able 1o:

e distinguish algae from other group of organisms,

e  give comparalive account of morphology and ultrastructure of algae,
o explain evolution of thallus in algae,

* illustrates the types of reproduction and life cycle in algae,

o  describe the distinguishing features of various classes of algac,

®  discuss various habitats and distribution of algac and

» describe the importance of algae in human welfare.



UNIT 3 COMPARATIVE MORPHOLOGY
AND CELL STRUCTURE IN ALGAE

Structure

3.1  Introductien
Qbjeclives
3.2 Comparative Morpholegy of Algae
Unicellular Forms
Anacystis
Cliumydontonis
Colontal Forms
Alicrocystis
ofvox
Filamentous Forms
Nastoc
{Hothrix
Qcdagoinm
Heterotrichous Forms
Draparnaldiopsis
Calvochacte
Ectocarpus
Thalleid Forms
Ulver
Fucus
Polysiphonoid Forms
Polysiphonia

3.3 Srructure of Aleal Cell
Prakaryotic Algal Cell
Cukaryolic Aleal Cell

3.4  Summary

5.5  Terminal Questions

3.6  Answers

3.1 INTRODUCTION

In the previous block you have learnt that algae are plncéd in Kingdom Protista along with
protozoa. Earlier they were classified with plants as they arc phetosynthetic aulotrophs -
possess chlorophyll and chloroplasts and superficially appear like plants.  Since (heir gameles
do not have protective cells around (hem they are no longer classified with plants.

In this first unit on algae you will study the morphology and cell structure of algae and also of

cyanaobacleria (commonly known as blue-green algae). Algae are widely distributed in nature
wherever Lhere is plenty of water and sunshine. They even inhabit harsh habitats. Although
simple in structure, lacking di{Terentiation, algae exhibit great diversity in size and
appearance. Their size ranges from simple microscopic to giant thallus extending several
metres in length as in kelps. Algal morphology varies from simple unicetlular form to
complex thallus as found in seaweced. While studying the morphology of representative
genera included liere you will note the various stages in the evolution of multicellular thallus
that led to the development of first lana_pianis.

The study of their cell structure under electron microscepe has revealed one major fact that
blue-green algae have prokaryotic type of cell like that of bacteria and hence they are more
related to themn than to other algae with which they were traditionally arouped. All other
algae have eukaryotic type of cell.

The reproductive processes found in algae are discussed in the subsequent unit. Algae are
widely distributed in nalure and are diverse in habitat. We have given in unit 6 a detailed
account of habilais and distribulion particularly in India,

Iravlitionmally . on the basis
al plysical teanes, Plunt
Kingelsm s divided indeo
fom graups oF division
Thallaphyty, Bryophyia,
I"eridophyta, Sperntaphyiis
The st theee dovisions ae
collectively called
Cryptogumes of Nowerless
or secdless plants as they
never bestr Nowers, The
last division spermatophy i
in known as Phererapenes
or (lowering plants,

The kelps fave Fromds s
farae as B0 metres andl
arory al arile ol abont

O e per day,



RALAT

The science or sludy ol ulgae is
called "Phycvlozy”, One who
specialiscs in the swidy of
algae is called “Phycologist” or
*Algoloaist”,
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Objcctives

Alier studying Lhis unit you will be able (o:

*  describe the basic types of thallus in algac,

* compare the morphology of unicellular; colonial, tilamentous, heteralrichous, thalloid
and polysiphonoid forims of algac,

¢ diaw the morpholozy of Aneeystis, Chilumydomonas. Microcvstis, Volvor, Nostoc,
{Hothrix,  Ovdogoninm: Drapearitaldiopsis- Coleochacre, Ectocarpus, Ulva, Fucus and

Polysiphonia and describe their special features,

*  draw and label the parts as scen in ultrastructure of cells of prokaryotic and eukaryolic
“algae and list their distinguishing features,

¢ describe briefly the basic fealwures of various cell organclies present in prokaryotic
and cukaryotic algac and

¢ explain the evolution of thaltus in algae.

3.2 ALGAL MORPHOLOGY

The body of an alga is called thallus. [n unicellular algae it is simple consisting of a single
cell. Al multicellular organisms start their life as single cells. When a cell divides and the
daughter cells form a packet enclosed in a mucilaginous mass, a colony is formed. While the
division of'a cell continuously in the same plane, with the daughter cells slicking rogether,
results in a row of cells forming a filament. Some of the cells of a filament divide only once
by a vertical plane followed by (ransverse divisions repeatedly and thus produce {ilamentous-
branched thallus,  Further, when all the cells of a filament undergo divisions in cross and
vertical planes il resuits in a sheet of one or more cells in thickness. Such multicellular thallus
may show complicated differentiation as in scaweed. Al multiceliular algae show the above
stages during their development. '

In the Foltowing account vou will study the specitic examples of the above basic 1ypes of
thalius in algae. itisto be noted that ail the above forms may not be found in all alzal
divisions but some are predominently multicellular, some filamentous and some include only
unicellular forms. A gradual complexity in form also indicates how the evolution of
thalius has taken place, in algae,

Morphologically algae can be distinguished as uniceliular, colonial, filamentous,
heterotrichous. thalloid and polysiphenoid forms. Each of these type is described below.

3.2.1 Unicellular Forms
Anacystiy
Single cells, cylindrical, short or long: sometimes wery long snake forms (Fig. 3.1 A).

Cells divide by censtriction, the nwo daughter cells:gel separated, rarely they remain
together 1o form a 2-celled Mtament.

[ndividual single cells may have their own mucilagenous caver around them. Several
such cells may be enclosed in common colourless mucilage giving the impression of a
colony.

Chilminydomaonus

This single celled alga contains a nucleus, a cup-shaped chloroplast in which one pyrenoid is
commonly present {(Fig. 3.1 B and Fig, 3.8 B). The chlaroplast on the anterior side shows 2 to
3 rows of lally red coloured granules. This is known as eyespot or stigma which is helpfitl for
the alga ta respond to light, The cell wall is frm and distinct. A small contractile vacuole is
found at the base of each Magetlun.



Chiamydomonas cefls under partially dry conditions divide and the daughter cells without Camparative Marpholopy and
flagella remain enclosed by a common mass of mucilage. Such 2 colony is known s Cell Structure in Algac
palmella stage of Chlamydomonas (Fig. 3.1 C). This is only a temporary stage and on

flooding with waterindividual cells develop flagella and escape swimming away from the

colony. Thus the beginning of the colony consiruction found in Folvox can be seen in

Chiamydomonas.
Flagella

—— O
C:.: Eyespot

Conltractile
vacuole

Cell wall

Palmella Stage
C

Fig. 3.1 £ Unicellutar algacs A) Anacystis nidutans, B) Chiamydomonas. C palinella stage of Cllanydomonas.
D) Scanning clectron micrograph of Chfamydomonas repsfuredii growing nn a solid ealeure medinm (Couriesy
of . Dayanandan},

3.2.2. Colonial Algae

When a cell divides and the daughter cells formed remain logether within a common
mucilage mass, it is known as a colony. A colony may contain large number of cells,
Sometimes it may. be so big that one can see it with unaided eyes.

Microcystis,

. AN . . . L
Thig is a colonial alga, most common in poliuted ponds and lakes in India (Fig. 3.2 A).
Sonjetimes the.colonies are big and can be seen by unaided eves. They accumulate on the
surface of water forming quite a thick layer in some seasons {water blooms).

Single cells are spherical and colony is formed because of loose aggreaates of several

thousand cells held by mucilage (Fig. 3.2 B). The colonics float on the surface of waler

because of the presence of elongated cylindrical gas vesicles inside (he individual cells.

Reproduction is by division of cells called binary fission. . Coenobium - itisa
‘ colony in which the

number of cells is fixed a
the time of formation. Na

The colonies of Melvox are spherical, bau-nne and big enough to be seen with unaided eye further addition of cells
(Fig. 3.2 C). Each colony contains 1000-5000 ceils arranged on (he outside of a occurs, Generally the
' . . cells are also in a special
mucilagenous ball called cognobium, Two lypes of ceils can be scen gencrally, Arcanacment
vegetative or somaticand gonidia. In younger colonies cyloplasmic connections - “
plasmodesmata between individual cells can be seen under Lthe micrascope.

Volvox



Antherozoidal

bundle

Vegetalive cells are more or less like Chiamydomonas with two flageHa, cell wall, single
cup-shaped chloraplast, cyespot, pyrenoid, contractile vacuole and a nucleus (Fig. 3.2 D).
The cells on the posterior side of (he colony may be larger than in the front.

Gonidia-cells meant for sexual reproduction are on the posterior side and they lose their
flagella early. They divide and give rise to daughter colonies. Afier the rupture of the parent
colony the daughter colonies are liberated into the water.

The daughter colonies produced from gonidia may later develop into male colonies that

g P g 3 P
produce spermatozoa or female colonies that produce eggs. Vafvox colonies are oenerally
unisexual bul some species are bisexual.

It is to be noted 1hat Vefvox colony is much more advanced than a Microcysiis colony, The
individual cells in Microcystis afier division remain suspended in a common mass of
mucilage without any contact between them. Each cell may go on dividing continuously
forever as long as conditions are suitable. .

In Volvox all the celis of a colony are derived from a single parental cell. They are arranged
on the surface of mucilaginous ball,-connected with other cells by cytoplasmic connections.
Some cells behave as sex cells meant for reproduction whereas others remain vegetative and
ultimately grow old and die. This differentiation into vegetative and reproductive cells is a
very imporant feature in the development of multicellular organisms.

cell wafl

Mucilage of wall

Daughter
coenobium
Clloroplast
Contraclile
\.’
- Qospore acuole

Cytoplasmic
slrand

Fip. 3.2 Colonial algae: Ay Microcesris aernginosa, B) norion of A maguifted, C) Velvex anrens, D) cells of
Cin the interior polar view.



3.2.3 Filamentous Forms

When a cell divides always cross-wise and the daughter celis do not separale from each
other, it results in a lincar row of cells as in Nostoc, Ulothrix 'md Oedogonium. However, the
three algae show dilferent levels of differentiation.

Nostoc

This is a simple filamentous form, a single row of cells, uniseriate {Fig. 3.3 A). Several
filaments of Nostoc are generally enclosed within a common mucilage envelop to form a
colony (Fig. 3.3 B). Some cells in between the vegetative cells are modilied into heterocysts.
All the vegetative cells are capable of developing into spores called akinetes.

Ulothrix

This is also a filamentous alga but differentiated into narrow basal holdfasl by which it is
attached to the reck in water (Fig. 3.3 C). Fig. 3.3 D shows the structure of cells of Ufotfirix
with girdle shaped chloroplasts. The cells at the apical end are relatively broad. These
undergo division and produce within, a large number of molile cells meant for reproduction.

" Oedogoninm

The filaments of Oedogoninnt are unbranched, usuvally differentiated at ene end into a
holdfast (Fig. 3.3 E). The cylindrical cells are short or longer than broad. The growlh of the
lilaments is due lo the division of specific cells called eap cells which show caps (or ring
like scars) on their walls (Fig. 3.3 F). Such cells may divide many times and the number of
caps present on a cell indicates the number of divisions it has undergone.

SAQ 3.1

a) [ndicate which of the following slatements are true or false. Write T for true and F
for false in the given boxes,

i) Cap cells of Oedagoninm serve as holdfast.
ii) Holdfast is found in Nosioc.

iii) Chlamvdunenas floals because of the presence of mas vesicles,

00 00

tv) Plasmodesmata are not found in Microcysiis.
b) Choose the correct answer in the following,

i) Which of the following alua is colonial in form?
1) Microcystis
2) Anacystis
3y Chloretla
) Chlamydomonas

ii} Heterocysts are present in
1y Microcystis
2} Nostou
3) Volox
4y Ulothrix

c) In the following statements fill in the blank spaces wilh appropriate words

1 is a unicellular alga,
ii} In younger colonies of Fofvox, the cells of the colony are connected with

ili) The colony of ................... floats on the surface of water because the
individual cells have gas vesicles.
iv) Under partially ..................... conditions, the cells of Chlamydomonas

divide and get enclosed in a mucilagenous mass.

Cowmparative Morpholugy and
Coll Strueture in Alpay

Ileterocyst - a highly
difterentiated cell in some
lilamentous blue-green
alzae that is asite of
nitrogen lixation.

Akinete - a thick-walled,
nonmatile repraductive
cell found n alyac.

Uniserinte — Single row
ol cells in the fom ot
filament,
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Fip- 3.3 : Filamentous algae ; A) filaments of Nesfoc showing akinetes and liclerocysts, B) an agpregate of
Nestac filaments forming a ball, C) germlings of Ylathirix, D) cell structure of Llothrix showing
gridle shaped chloreplasts, E) lilament of Qedogonium showing vegetative and reproductive cells.
F) part of filamenl of Qedegenitem showing cell structure and cap cell with four eaps.



3.2.4 Heterotrichous Forms

When some cells ol a filament divide vertically it results in 2 branch. Many filamentous
forms show extensive branching of (he main filament giving it a bushy appearance.

In some algac the branches at (he base remain horizontal, altached 1o the subsiratum
known as prostrate system from whicl erect system of vertical branched filaments arise.
This type of body is known as heterotrichous habit. Heterolrichous habit is the most highly
developed filamentous construction in algae.

Draparnaldiopsis

Itis a heterotrichous alga which shows greater differentiation in plant body. The prostrate
syslem is very much reduced. The main axis conlains long internodal cells allernating
with short nodal cells (Fig. 3.4). The short nodal cells bear a bunch of short branches. Some
of the side branches may develop into long colourless hairs or setae, The main axis produces
at the base long multicellular colourless rhizoids in larae number to form a kind of cortex.
Their main function is to attach the alga 1o the subsiratum.
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Coleachnete

Coleochaete is an aquatic alga growing on the surface of water plants (Fig. 5.5 A).
C.pulvinata is heterotrichous. The erect system is in the form of branched filaments. In
C.scutara he erect system is absent and the prostrate system is made of short repeatedly
branched filamenls that form a compact disc (Fig. 3.5 B). In both the forms some cells
produce hair like bristles, known as setac from their upper surface.

Comparative MNorplinlegy and
Cell Structure in Algae
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Fig. 3.5: Heterotrichous algae; A and B) Coleachaete, C) Ectocarpus showing habit, D and E) thalli with
unilocular and plurilocular sperangia or gametangia.



Ectocarpus Comparative Morplmluﬁ_\- and
) . . . Cell Structure in Algae
It is another heterolrichous alga (Fig. 3.5 C).The prostrate system which attaches the alza to

the substratum is made of branched filaments, The erect system is in the form of uniseriate
(single row of cells) branched filaments forming loose ufts of | mm to 10 mm or more. The
asexual thallus may be with unilocular or plurilocular sporangia (Fig. 3.5 D and E).

The branches arise just below the cross walls of the cells of the main filament. Most of these
branches terminate in elongated hairs.

3.2.5 Thalloid Forms

When the cells of a filament divide in mare than one plane, that is not only cross-wise but
also lengthwise it results in a sheet of cells. The thallus may be one cell or many cells
in thickness.

Uitva

Ulva is a very commen alga found on rocky coasts of sea (Fig. 3.6 A). The thallus is attached
to the substrate such as rocks by rhizoids at the base. When a sheet of the thallus is cut, one
can observe (wo layers of cells, pressed to each other. Together they form a single sheet (Fig.
1.6 B).

Limiting
"~ layer

- Cortex

== ;%‘:ﬁ & T
@CC_;—F—:-——#. = Medulla

S
=

Ig. ,3.6:‘ Ulvalactiuca ; A) I_mhlt of growth, B) transection, C} Fucus vesicidosus - morphology of the
thallus, D) transection through a portion of thallus.
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Alpue

Frond - the 1erm generully is
used for large well divided
lealof forn, The large blade-
like thallus ol algae is nlso
catled frond.

Chromatophare - are plastid
conlaining Chl & and other
pigments but fack Chl &. Plastigs
contzining both Chl ¢ and

Chl b are called chloroplasts,

Dicholomous branching-
branching patlern in which the 1wo
arms of the branch are

more or less equal in length.

A

Fucus

Fircws is a brown algal scaweed common on the rocky coasts of sea in temperate countries
(Fig. 3.6 C). The body of Fucus is large about hall a metre or so in length, It has a basal
discoid holdfast, a short stipe and long flat and dichotomously branched fronds or blades. At
the tip of the bl_ade.arc found air bladders which make the plant fleat in water.

Frcus 1s multicellular and has a complex internal structure showing three regions {Fig.
3.6 D). The outer layer is epidermis, the central cortex and (he inner medulla. The growih of
the thallus is due to the division of apica! ccll situaled in a hollow depression at the tip
of a branch. The epidermis and (he other layers of corlex contain chromatophores which
take part in photosynthesis. Cortical region stores food materials and the medullary cells
take part in the transport of food to different regions of the fronds.

3.2.6 Polysiphonoid Forms

This form of algae has more complex than the earlier deseribed fors. It is found in the
red alga Polvsiphonia (Fig. 3.7) which is marine in habilat,

Polysiphonia

The algae shows in general heterotrichous habit. The prosirate systein is in the form of an
elongated rhizoid which atlaches the algae to the substratum. The erect system is highly
branchied. The branches are of two kinds, some are long and some short and hair-like. The
main filament grows by the division of a single apical cell. The mature plant bedy is made
up of central row of cells - central siphon, surrounded by vertical rows of cells, 4 to 24 -
pericentral siphons,

Allthe pericentral cells are connected with the cells of central siphon and are also connecled
with cach other.

When the cytaplasm of one cell is connected to the cytoplasm of the neighbouring cell
through a pit in their wall, it is known as pit connection. [n Pelysiphonia although all the
cells are separate, their cytoplasm is connected by means of pit connections.

Fig. 3.7: Pelysiphonia ; habit showing mullicctlutar canstruction of several interconnected rows of siphons
ol cells,

New branches may develop trom the cells of central siphon or from the pericentral cells. The

trichoblasts which are simple or branched hair-like lateral branches arise from the pericentral

cells.



SA 2 Comparative Morphelogy and
Q3 ' Cell Struciure in Algac

a) In the following statements [ill in the blank spaces with appropriate words.

) Inheterotrichous habit the erect filaments of alga arise from the ............ .

ii) The three layers of Fucus (hallus are outer epidermis central .........cvveeeeene.
and inmer ...

iii) When algal cells divide vertically as wellas ...............ccoeeenn. , a sheet of
cells is formed. '

iv) Inthe thallusof .............coih i two layers of cells are pressed to each other
forming a single sheet.

v) The fronds of Frcus can floatbecause .....ooooeeriien coiininnenene are present
in their tips.

b) Which of the following characteristics featurcs are special to Draparnaldiopsis?

i) Presence of nodal and internodal cells
ii) Reduced prostrate system

iii) Absence of erect system

iv) Sheet like thallus

v) Multicellular colourless rhizoids

¢) Which of the following alga is thalloid in morphiology?

i} Fucus

ity Ectocarpus
iii) Coleachaete
iv) Qedogonium

d) Indicate whether the following statements are true or false. Write T for true and F -
for false in the given boxes.

i} In Polysiphonia all the peripheral cells are connected with central siphon.

Ll

ii) In Fucus the food material is stored in inner cells of (he medulla.

iii} Uniseriate fitaments are characteristics of Eciocarpus.

[]]

iv) Cofeochacte is a terrestrial algae.

3.3 STRUCTURFE OF ALGAL CELL

In Unit 1 and 2 you have learnt the gencral features of algac and their position among various
other groups of organisms. Alage show two distinct basic types of cell structure, hence they
can be divided into two groups - Prokaryotes and Eukaryotes. Prokaryotes include the
so called blue-green algac classed earlier as Cyanopiyceae or Myxophyceae, but now
designated as Cyanobacteria because their cells are prokaryote type. Eukaryotic algae are
quite diverse in cell structure and morphology, whicl is taken inlo account for classification.
In recent years, use of electron microscopy has brought much new information regarding
the ulirastcuclure of cellular components of algae, The chemical composition and functions
ate determind by breaking the cell and isolating each of its organelles separately. Such
studies reveal that eukaryotic algae show many features (hat are similar to higher plant
groups. T

In the following account you will study the basic features of cell of both prokaryotic and
eukdryotic algae.and various cellular organelles present in them, -



Algac

Plankton — frec-floating or
molile. mostly microscopic,
aquatic organisms. Photo
synthetic plankion are called os
phylaplankions. A larze number
ol unicellular algae Muat in open
sea. ocean and lakes. They
dominale open sea or lakes and
provide lood as primary
preducers o aquatic areanisms
and  (hus sustain life in water. It
is cstimated that 1/3 of oxygen
ol almosphere is released by
hese organisms.

Phycobilisomes — a proicin
and phycabilin pigment complex
located on the thyinkoid
membrane in blue-green and red
alzac.

In Gloeaebacter thylakoids are
absent, The pholosynthelic
pigments are associated with i1s
cell membrane,

Recently introns have been
identilicd in the chiromosomes
ol cyanobacteria,

3.3.1 Prokaryotic Algal Cell

You have learnt that cyanobacteria ciosely resembie bacteria in their ultrastructure {sec
Unit 1, Section 1.5, Page 10). However, you must note that cyanobacteria are not flagellated.
The specific features of their cellular components shown in Fig. 3.8 A are describes below.

Cell Wall and Cell Sheath

The cells of cyanobacteria are enveloped by a gelatinous sheath and also have a distinct cell
wall oulside Lhe plasma membrane. This can be removed by digesting it with
enzyme-lysozyme. Its chemical analysis shows that it is made of mucopolysaccharide
(peptidoglycan) like that of bacterial cell wall. It has a complex structure, made of a
polymer_ of N- acetylmuramic acid and N-acetylglucosamine, that are cross linked by i
peptides and other compounds. The wall in fact, shows at least four layers and the outermost
Inay contain lipo-polysaccharides and proteins,

In many eyanobacteria the cell wall js enveloped by gelatinous mucilage. It may be (hin
and colourless as in planktonic forms. In subacrial forms the sheath is thick, firm and
coloured yellow or orange brown and is multilayered. Some aqualtic forms like Scytonema,
Petalonema may also have multilayered and coloured sheatl.

Photasynthetic Lamellae

Cyanobacteria have no chloroplasts but only pigmented membranes which occupy the
periplieral region of the cells called chromatoeplasm. In this area photosynthetic lamellae or
thylakoids are present. The lamellae are folded double membranes in which the
photosynthetic pigments—chlorophyll g, and several lypes of carotenoid are embedded. On
the surface of the thylakoids are found rows of granules called phycobilisomes, that
contain phycocyanin, allophycocyanin and sometimes also phycoerythrin, characterislic of
cyanobacleria. It has been found that the thylakoids also contain enzymes required for
respiration,

Granular Inclusions of Cytoplasm

The ultrastructure of cyanobacterial cytoplasm shows several types of granules. Between the
thylakoids glycogen is found in the form of granules of different sizes. Protein granules called
cyanophycin granules made up of polymer of two aminoacids aspartic acid and arginine are
for storage of nilrogen. Another type of granule common in algae growing in waters rich in
phosphate, is polyphosphate, a storage form of phosphate. Some algae also contain granules
of polybetahydroxybutyrate as big crystals.

Another unique granules found in cyanobacieria are polyhedral crystalline bodies known as
carboxysomes. They are made up of ribulose-biphosphate carboxylase {Rubisco} enzyme
which as you know is required in the photosynthetic fixation of carbon dioxide.

Like all bacterial cells cyanobacteria also contain ribosames needed for protein synthesis,
They are dispersed in the cytoplasm. All prokaryotic ribosomes are of 70s type unlike the
80s type found in eukaryotes.

Gas Vesicles

Many planktonic cyanobacteria like Aicrocystis contain in their cells elongated, cylindrical
vesicles singly or in bundles known as gas vesicles. They make the cells float on the
surface of warer. When, the gas escapes they collapse, become flat, and the cells sink 10 the
bottom. The wall of the vesicle is made of single layer of protein molecules and is
permeable to gases but not to water.

Nucleoplasm

~ \The central portion of the cell usually referred as nucleoplasm contains the genetic material,

DNA, equivalent to the nucleus of eukaryotes. It appears as a net work of fibrils, and like
that of bacteria it is a long thread in the shape of a ring, generally referred to as circular
chromosome. There may be multiple copies of it in a cell. The histone proteins found in
eukaryotic cells are not associated with the DNA of cyanobacteria, .
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Fig. 3.8: Line drawing of (he ultrastructure of A) a prokaryotic and B) cukaryotie cell,



Alpae Plasmids

Like in bacteria, DNA is also found in the cells of cyanobacteria as a small covalently linked
circular molecule known as plasmid which has genes that make the organism resistant 1o
antibiotics. Plasmids are not o permanent fealure of cells, they may be lost and regained
further, they can also multiply inside the host cells.

Specialised Cells of Cyanobacteria

As you have learnt that besides (he common vegetative cells, filamentous cyanobacteria
show two other types of structures, helerocysts and akinetes. These are breifly described
below,

Heterocysis

These are thick walled cells found in filamentous cyanobacteria either in between the
vegelalive cells (intercalary) or at the ends (terminal) of a flament (Fig. 3.3). Mast
importairt function of heterocysts is [ixation of atmospheric nilrogen as they contain the

] 1
IFnrmntion of Heleroeyst Necessary enzyimce syslem, mitrogenasce.

Veaelative eells Structure of Helerocyst

differentiate into helcrocysts i i . ] ]

wiien dissolved mitrogen Look at the structure of heterocyst given in figure 3.9. Unlike a vegetalive cell, heterocyst has
compounds are low in a thick wall with three layers which are structurally different. The inner most layer contains
surraundings. cerlain - glycolipids which make the heterocyst impermeable 1o oxygen, otherwise Oz

Ieterocystous inhibits the action of nitrogenase and pri\f_g][;;mtmgen fixation.

cyanobacterin

Anabacna

Noustoc

Cafothrix

Glocatrichia

Seytoneina

Tolypotiirix 9
Stigoneme

Fig. 3.2 - Heleroeyst of Anobaena (line drawing of efectronmicregraph, adapted from G.B, Chapman).

The heterocysts are connected with the adjacent cells through fine proteplasmic strands,
plasmodesmata at the poles and also with large shiny granules - polar granules made
up ef cyanophycin.

The heterocysts also contain many phetosynthetic lamellae, but these are less dense than in
the vegetative cells, The lameliae contain chlorophyll ¢ and carptenoids. However,
phycecyanin is lost when a vegelative cell changes into a heterocyst. Therefore, mature
heterceysts cannot fix cacbon dioxide, s0 O- is not liberated in light, Polyphosphate and
elycogen granules, carboxysomes and gas vesicles are entirely absent in the ¢ytoplasm of the
heterocyst,

Akinetes

These are thick walled cells also known as spores, meant for perennation.  All the vegetative
cells of o filament or only a few cells like those adjacent 1o a helerocyst may develop into
SPOres.



Akinetes have thick walls and they are generally light brown, deep brown or black in colour, Camparafive Marphology and
The contents of the cell are highly granular with glycogen but polyphosphate is lacking. : . CellStructure in Algae

Akinetes can withstand prolonged desiccation and under suitable conditions germinate
giving rise to new filaments.

SAQ 3.3

a)

b)

c)

List the types of inclusions present in the cytoplasm of cyanobacteria and describe
them briefly.

In the following statements choose the alternative correct word given in parentheses.
i) The heterocysts of cyanobacteria fix (CO~/Na).
ii) Cyanobacteria contain (circular DNA/DNA filaments} in the nucleoplasm.

iii) A gelatincus sheath outside the cell wall is (present/absent) in
cyanobacteria.

iv) Theribosomes in blue-green algae are (70s/80s) type.
In the following statements fill in the blank spaces vith appropriate words.

iy The cell wall of cyanobacteria is made up of...........ccecinins like that of
bacleria. '

ii) The pigments containing granufes present on the surface of photosynthetic
lamellac are called ........................

iii) The innermost layer of heterocyst is impermeable to oxygen as it contains
cerain ...,

iv) Incyanobacieria the region of cytoplasm where pigmented photesynthetic
lamellae are present iscalled ...

3.3.2 Eukaryotic Algal Cell

Eukaryotic algae comprise several divisions each having its own cell structure and other
specific characters. However, the hasic features as shown in Fig. 3.8 common to all groups
are - presence of membrane bound nucleus, chromosomes, plastids, mitochondria, golsi
bodies, and 80s type of ribosomes. Besides cell divisien by mitesis, many groups show
sexual method of reproduction involving fusion of gametes and meiosis (reduction
division). The foliowing acceunt sives important features of algal cells of various groups. -

Cell Wall

Algal cell wall is mainly made up of cellulose. Other additicnal compounds may be added 1o

Coccolilhophorides - Those
orzanisms that possess
coccoliths. Coecoliths are
calcified scales covering Lhe
cells of unieellular, primarily

il during development. In brown algae hemicelluloses, algiric acid, fucin, fucoidin arc also maine orzanisms closely
present. In diatoms the wall material is mainly silica. reluted to golden-brown

aluae,

The cells of Division Chrysophyta have no proper cell wall. They are covered by scales of
silica (e.g. Mallomonas). In coccolithophorides claborate scales conlain calcium carbonate



I ’ . . -,
Algac (calcite). The cell wall of red algae contains polysulphate esters of carbohydrates in
addition 1o cellulose and pectin.

Calcium carbonate deposits are found over the surface of algae belenging to different
groups of many marine seaweed, known as ealearious algac, for example, Neomeris, Udatia
(green algae). Corallina (red alga), Padina (brown alga) and fresh water alga Chara.

Plastids
Coraltine algac are a All photosynthetic algae show plastids - chloroplasts whose basic structure is similar to the
group of red algac that chloroplasis of higher plants. The shape and location of chloroplasts in algae varies from
secreie calcium carbonate species to species, When located at the centre of a cell, they are called axile, and when
around their cells and located near the periphery they are called parietal. Their number also varies from one to

form stilT thalli. Coralline

algae arc important many, but lﬂxcd for 2 specics. .Under the microscope, lh.e folk?wing shapes of chloroplasts
builders of coral reels in can be casily recognised: cup like (Chlamydomonas), girdle like {Ulothrix), spiral band
tropical watcr. contrary Lo (Spirogyra) and stellate (star-shaped-Zygrnema) These are shown in the Fig.3.10 pgiven

the belicve that caral

. below. .
animals alene make up -

coral recls.

Girdle shaped
Stellate

- Spiral

Cup shapcd

Chlamydomonas Ulothrix Spirogyra Zygnema
Fig. 3.10 : Yarious shapes of chloroplasts afl algac,
Ultrastructure

The ultrastruclure of algal chloroplast is similar to that of higher plants, It is enveloped by
a double membranc. A number of thylakoid lameliae are spread into the matrix - the siroma,
The lamellae are made of lipoprotein complexes interspersed with molecules of
chlorophylis and carcienoids. When phycobiling are present as in the case of red algae, they
are present in the form of granules known as phycobilisomes, attached te the membrane
surface in linear rows (Fig. 3.11). The stroma of chloroplast contains several enzymes
connected with photosynthetic carbon fixation.

The arrangement of thylakeids in chloroplasts varies in different algae. They may be very
closely slacked to form grana (sing. granum), as in green, brown algae and euglenophytes.
In red algae (hey are widely separated from cach olher (see Fig. 2.6. Unit 2).

One important feature of chloroplast is the presence of civculur or ring like DNA, Plastids of
Englena, Aceiabularia, Chianydomonas, diatoms,. members ol Chrysophyceae,
Xanthophyceae, Phaeophyceae all have been shown 1o contain circufar DNA.
Chloroplasts give rise lo new plastids by simple division,

Chloroplasts contain ribosomes of 70s type not 80s type which are present in the cytoplasm.
They also contain the complete machinery for protein synthesis. Ribosomes of 70s type
are characteristic of prokaryates like cyanobacteria, Because of this fact it is believed that
chloraplasis of eukaryotes were indeed cyanobacteria which became endosymbiontic during
the course of evolution. : ’

Pyrenoids

-
Plastids of many green alga¢ have prominent proteinaceous granules called pyrenoids



around which starch is deposited. In many cases one can sce photosynthetic thylakoids
traversing the matrix ol the pyrenoid or at least closely associated with it, When the
chloraplasts divide, pyrenoids also divide to give rise te new pyrenoids,

Thylakoids

- -Phycobilisomes

Fig- 300 Chloroplast of ved alaa Porpfiveidiien,

—— Mastigoneme

Central
Peripheral fibril
[ibril

20

Fig. 3.12 1 Pyrenoid of Chfamyifonmais (line drawing of cleetron mirmgr:lph))

Nucleus

Many algae conlain only one nucleus per cell.  However, green algac like Cladophora.
Ceneferpa and Faucheria (Xanthophyeeae) contain more than one nucleus (multinucleate).

Like the cukarvetic plant and animal nuclei, alzal nucleus is enveloped by a distinet
double membrane punctured by pores. During the interphase (not dividing, resting nucleus)
uncoiled, fine chrematin threads are visibie in the nucleus. As you know chromatin is
complex of DNA, histone and non-histone “proteins. Durina the cel} division. it condenses to

form the chromosomes.

Many algal nuclei contain globular nucleoli, one-or more in number, sometimes attached
to the specific region of a chramosome nucleolus organiser. Nucleolus may degenerate and
disappear during the cell diviston but reappear during the interphase. [Uis new known tha
the nucleolus is invalved in the synthesis ol ¢y toplasmic ribosonies.

Comparitive Morphologs i)
Cell Struclure in Aleae
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The structure of nucleus in the algal groups Euglenophyla and Dinophyta is quite unique
and is different from all other eukaryotes. During the interphase, the nucleus inside its
membrane shows not uncoiled cliromatin fibres but highly condensed chromesomes.

Further, unlike in other organisms, they do not contain histone proteins.

The number of chromosomes present in each genus or specics of an alga has no relation with
its systematic position. The smallest number recorded is n=2 and the highest may be 600 or
more, Thesize of individual chromosomes is also variable. Large chromosomes are
found in Oedogonium, Cladophiora and Chara.

Other Organclles of the Eukaryotic cells
Mitochoudria

The number of mitochondria in algal cells varies from one as in some flagellates to many in
other algae. Their size and shape also varies widely. The ultrastructure shows a double
membrane, the inner one folded inwardly forming cristae protruding into the lumen. MNew
mitochondria arise by the division of the mitochondria present in the parent cell, much
like plastids. It is believed (hat mitochondria originated from endosymbiotic bacteria adapted
to intracellular existence inside the ancestral host eukaryotic cells. Like the chloroplasts,
ihey alse contain circular DNA, RNA, 70s ribosomes and machinery for protein synthesis.

Golgi bodics

These are also known as diclyosomes and are widely found in algal cells. They are made up
of 2-20 lamellac or membranes arranged in stacks. They play an important role in the
formation of cell wall inaterial as in the case of red algae. 1n many algae they are connected
with secretory function.

Flagella

Flagella are means of locomotion far the motile cells of algae, found in all divisions except
Rhodophyla, The alga may itself be motile (as in unicellular and colonial algae) or at sone
stage in its life cycle produce reproductive motile cells - zoospores and gametes.

The flagella of algae differ in their number, length, appendages and place of insertion on the
cell. The surface of the flagellum may be smooth {(acronematic) may have one or more
lateral hairs (pleuronematic). When two flagella are found they may be equal in lenglh
(isokonton) or one flagellum shorter than the other (heterokonton). -

Ulrrastructure of a flagellum shows that it is made up of microtubules, two at the
centre surrcunded by nine pairs or doublels in a ring, 9+2, all enclosed by a membranc.

Flagellar surface is generally smooth or covered with prominent hairs, mastigonemes.
Some green algae and the members of Phiaeophyla, Chrysophyla, Dinophyta show two
flagella, one with smooth surface and the other with fine hairs.

- 'Sla{ch
Starch plate’

Cell wall

Chloroplast
lamellae
- Pyrenoid
matrix

Chloroplast
envelope

Fig. 3.13 : Fine struzturce of alpal Nagelin.



Eyespots Comparutive Merphology and
. i Cell Structure in Alzgne
Molile cells of algae belonging to Chlorophyla, Phaeophyta, Euglenophyta,

Chrysophyla conain orange - red coloured eyespots. [n some algae eyespot may form a part
of the chloroplast and it is located at the base of the flagellum, but in Euglena it is quite
distinct and away from the chloroplasts.

The common type of eyespot as found in green algae e.g. Chlamydomonas appears
to have a row of orange coloured lipid granules as a part of thylakoids at the anterior portion

of the cliloroplast. The granuTes are found 1o conlain carotenoids, f-carotene being most

prominent.
SAQ 3.4
a) Malch the algae given incotumn | with the shapes of chloroplast given in

column 2.

Column | Column 2
a) Chlcmydomonas i) Stellate
1) Ulathrix i) Spiral band
c) Zvghenia ii) Cup shaped
d) Spirogra iv) Girdle shaped
b} Indicate whether the following statements are (rue or false. Write T for true and F for

false in the given boxes.
i) Thethylakoids in red algae are closely siacked together to form grana.

ii) Unlike higher plants the chtoroplast and mitochondria of algae lack
circular DNA and ribosemes of 70s Lype.

iii) Pyrenoids are present in the chloroplasts of green algae.
iv) Allalzal cells are nninucleate,

v) Tusribosomes are present in golgi bodies.

OO DOy

vi} Flagellz are present in all divisions of algae except Rhodophyta,

3.4 SUMMARY

In this unit you have learnt that:

» Algne are diverse group of organisms rtanging [rom microscopic unicellular to
giant thalloid forms anchored to the rocks in the sea. Morphologically they can be
distinguished as unicellular, colonial, filamentous, hetercirichous, thalleid and
polysiphonoid forms.

e The unicellular algae are simplest in marphology. Some advancement is observed in
colonial forms. The cells ol a colony may communicate through plasmedesmala, There
is division ol labour between cells. some remain vegetalive while others take part in
reproduction.

e Filamentous forms have evolved as a result of repeated divisions of a single cell in the
same plane. Some cells of a filament may show differentiation into specialised cells like
holdfast, cap cells. hairs, hetrocysts etc.

s Some algae have a prostrate system attached to the substratum and an erect system of
verlical branches This is called heterotrichous habit.
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Thalloid forms are sheet like with one or two cells in thickness. Polysiphonoid forms are
more complex. They possess rhizoids and branched ereet system. Mature thallus consisis
of central row of cells-central siphon surrounded by pericentral siphon. Complex
multiccllular thallus with external and internal differentiation represents most

advanced state of (hallus development in algae.

The cells of cyanobacteria are prokaryotic type. Like bacteria, their cell wall is made up
of mucopolysaccharides, They lack membrane bound nucleus, chloroplasts and
mitochondria. Like bacieria, they contain only naked circular DNA, and 70s type of

ribosomes. Their thylakoid membranes contain photosynthetic pigments and are the site -

of-photosynthesis. The cells show several types of granules.

The eukaryolic algal cells show a distinct cell wall, a well organised nucleus with

puclear membrane and chromosomes. Their chloroplasts are distinct organelles that
contain slacked thylakoids with photosynthetic pigments. and are sites of photosynihesis.
Mitochondria which are also made of membranes are the site of respiration, Both the
chloroplasis and mitochondria have their own circular DNA, RNA and ribosomes of 70s
type unlike the cytoplasmic ribosomes which are 80s type. The algal cells show various
organelles like pyrenoids, goigi bedies, vacuoles and eyespots. Motile cells of algae
have flagella made up of microtubules. The cell wall is made of cellulose and some
marine algac may contain complex polysaccharides, silica or calcium carbonaic,

3.5

TERMINAL QUESTIONS

1.2

[Nustrate with an example the most highly developed filamentous construction in
algae.

Draw and label the morphological structure of various types of algae you have
studies in this unit.

-.Match the algae given in column | with the morphological forms given in -

cdlumn 2.
Column 1 Column 2
ay Ulva i) Heterotrichous
b)y LHothrix iiy Colonial
o} Microcystis iii) Thalloid
d) Ec'mca.q)zrs' iv) Filamentous



q, Choose the correct answer in the following: ) Comparilive Morphology and
Cell Structure in Algac

a) Thallus is filamentous and highly branched in
i} Uhwu
i) Fucus
ity Draparnatdiopsis
iv) Anacysris
b) Multicellular thallus with most advanced plant body is found in
i) Nostoo
ii) Ectocarpus
i) Fres
iv) Ulothrix

5. Indicate which of the following statements are true or false. Write T for true and F
for false in the given boxes.

i) . A Dbranched filament results when its cells divide vertically.

i} Setac or colourless hairs are found in Ulotfirix,

iii} Heterotrichous algae are attached to the substratum by holdfast.
iv) Palmella stage is found in Foh:ox.

v) Filaments of Oedogonium are attached to substratum by hold[ast.

vi) Algal cells do not form complex organs or tissues.

HINNINENEEEN

vii)The cells of algal thallus are more or less independent of each other.

3.6 ANSWERS

Self-assessment Questions

3.1 a) iy F, W) F, i) F, iv) T
b) iyl 2
c) i) Chiamydomonas, 1i) plasmodesmata, iii} Aicracysiis,

iv} unfavourable

32 a} i) prostrate system, ii) cortex, medulla,
iif) horizontally, iv) Ufva, v) air bladders
b) i), i) and v)
¢) i)
d) DT, i) F, )T, iv}F
3.3 a) Elaborate the following and draw a diagram 1o show their tocation in the
cell.

i) Glycogen granules of different sizes

i) Cyanophycin

iii) Polyphosphate granules

iv) Carboxysomes.
b) ) Na, idi}circular DNA, iii) present, iv) 70s
c) i) mucopolysaccharides. ii) phycobilisomes,
’ iit) glycolipids, iv) chromatoplasm

34 a) a) i, b) iv, ¢} i, d) i
by DE i) F i T, iv)y F, v F,vi) T
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Terminal Questions

Ref. to section 3.3.6.

See the figures given in the text,

ay iii, by iv, ¢ i, d) i

ay iii, b} iii

)T, ) Fiii) F, v} F, v) T, vi) T, vii) T.

G



UNIT 4 REPRODUCTION IN ALGAE

Structure

4.1  Introduction
Objeetives
4.2 Types of Reproduction
Vegetative Repraduction
Asexual Reproduction
Sexual Reproduction
43 Reproduction and Life Cycle
Chlamydoanas
Ulothrix
(vt
Lantinaria
. Pucus
4.4 " Origin and Evolution of Sex
Origin of Sex
Evolution of Sex
4.5  Sununary
4.6  Terminal Questions

4,7  Answers.

4.1 INTRODUCTION

In unit 3 you have learnl that algae vary in size from small microscopic unicellular
forms like Chianydomaonas to large macroscopic multicellular forms like Laminaria,
The multicetlular forms show great diversily in their organisation and include
[lamentous. heterotrichous, thalloid and polysiphonoid forms. In this unit we
will discuss Ihe types of reproduction and life cycle in algae faking suitable
representative examples from various groups. Algae show all the three types of
reproduction vegetative, asexual and sexual. Vegetalive method solely depend on
(he capacity of bits of algae accidentally broken to produce a new one by simple cell
division. Asexual methods on the other hand involve production of new Lype of
cells, zoospores,

In sexual reproduction gametes are formed. They fuse in pairs to form zygote.
Zygote may divide and produce a new thallus or it may secrete a thick wall to form
a zygospore.

What controls sexual differentiation, allraction of gametes towards each other and
determination of maleness or femaleness of gametes? We will discuss this aspect
also.

You will see that sexual reproduction in algae has many interesting features which
also throw light on the origin and evolution of sex in plants, This will be discussed in
the last section of this unil.

Objectives

Afler studying this unit you shotila L2 able to:

e describe with suitable examples the three types of reproduclion
vegetalive, asexual and sexual in algae,

e distinguish the three types of union of gametes - isogamy, anisogamy and
oogamy in algae,

e illustrate diagrammatically reproduction and life eycle in Clilamydomonas,
Ulothrix, Ulva, Laminaria and Frcus and describe their special features,

e describe (he four basic types of life cycle found in algae and

e discuss the origin and evolution of sex in algac.

27
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4.2 TYPES OF REPRODUCTION

Reproductive processes found in various groups of algae can be broadly
divided into three types: vegetative, asexual and sexual methods.

4.2.1 Vegetative Reproduction

The most common type of reproduction in algae is by binary fission. In unicellular
prokaryotic algae like Anacystis it is the only method of reproduction found in
nature. In filamentous and multicellular forms, the algac may get broken accidently
into small pieces, - each developing inte a new one. The above methods of
propagation are known as vegelative reproduction.

4.2.2  Asexual Reproduction

When vegetative reproduction takes place through specialised cells (other than
sex cells), itis described as asexual reproduction.

Anabaena and Nosioc

The cells accumulate food materials, develop thick walls to become spares or
akinetes (Fig. 4.1). Akinetes can withstand dryness (lack of water) and high
temperature for a leng time, but when conditions are suitable they germinate to
form new filaments.

Akinere
Fig. 4.1z Anabaenst showing akinctes.

Ulothrix

Filamentous algae (like Uloshirix) may reproduce by producing motile cells called
zoospores (Fig. 4.2). The protoplast of a single cell divides many times by
mitosis 1o produce several zoospores. Each zoospore has 2-4 Magella with
which it swims for sometime and then setiles by its anterior end. 1t subsequently
divides inlo a [ower cell which becomes the holdfast and the upper cell which
by further divisions becomes the vegetative filament, Zoospores are produced in
other algae also.

Zoospore

Zoospore
liberation

Vig. 4.2 Furnidion of zgospores in Lloefrix.



Asexual reproduction in other algae is described below.

Clilmmydomonas

Although this is a unicellular motile algae but it produces zoospores. The parent
cell divides inside the cell-envelop and each daughter cell develops two flagella
cach, These zoospores look exactly like the parent cell except they are smaller
in size. When the zoospores are fully developed the parent cell wall disolves,
releasing them free into the surrounding water (Fig. 4.3 ).

Sometimes when there is less water outside, zoospores may lose flasella and
round up. These non-molile spores are called aplanospores which develop into
thick walled hypnospores.

On moist soil when zoospores can not be released due to lack of free water, they
get embedded within a gelatinous material formed from parent cell wall. Such
cells donot have flagella but whenever they become flooded with water they
develop flagella and swim away in the water. These gelatinous masses containing
thousands of non-motile cells are known as palmella stage of Cilamydomonas.

Separation of
@ daughter cells
(Zoospores)

0 NG

-

"'" cells
Division of f =\
parent cell

)
\ ék(@\qsﬁl

Palmella Stage
) / (in the absence
of water)

Fig. 4.3: Farmniion ol Zoospores and palmella stnge in Chlamydomenas .,

Oedogonitim

Zoospore are produced singly in a cell. Each has one nucleus and a crown of flagella
at the apex.

Draparnaldiopsis and Ulva

Many zoospores are produced from asingle cell, as in Uothirix. They have
single nucleus and 2-4 flagella.

Ectocurpus

Zoospores are produced in sperangia which are of following two types:

i) Plurilocular Sporangia: The sporangium is made vp of many cells and
several biflagellate zoospores are produced (Fig.4.4).

i) Unilocular Sporangia: The sporangium is made up of one cell which

produces single biflageliate zoospore (Fig.4.4).

Repradoctinn in Alpar
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Plurilocuiar
sporangium

Unilocular
sperangium

Fig.4.4: Unilocular and Plurilocular sporangia ol Ecrecuarpus.

4.2.3 Sexual Reproduction

Sexual repreduction in algae like in other organisms invelves lhe fusion of two cells
from opposite sex called gametes, resulting in the fermation of a zygote, Some
basic features of this method of reproduction are as follows:

Gametes are always haploid and may or may not be different in morphology. If
both the sex cells look alike, they could be male called plus (+} or female called
minus (-} mating types or strains. Gametes can fuse only when one is plus and
the other is minus.

Both of them + and - may be produced by a single parent. This is called
manoccious or homothallic condition. When they come from different plus or
minus thallus lypes it is called dioecious or heterothallie condition.

There are three types of gametic fusion (Fig, 4.5):

a) lsogamy: When both the gameles are of 1he same size and morphology.

b) Anisogamy: The Lwo gameles are distinctly dilferent in size or shape, the
larger of the two is minus (female) type.

¢) Oogamy: The female gamele, egg or ovum is big in size and has no flagella
hence it is non-motile. Male gameles are flagellated and highly motile. They are
also known as anthierozoids, spermatozoids or sperms.

The male gametes are aitracted by the female cells because of special hormones
called gamones {a volatile hydrocarbon} produced by them. Fusion of the gametes
leads to the formation of a zywole, 1f the condilions are unsuitable for growth, the
zyoote may develop a thick wall and become a resting zygospore. Gametes being
haploid, are produced by milosis in a haploid thallus, [f the thallus is diploid as in
Fucus (he reproductive cells undergo meiosis or reduction division to form: haploid
cameles.
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+ 11

[sogamy
@ 2
L/

Oogamy

Fig. 1.5: Three types of gametic fusion.-isopamy, anisogamy and oogamy.

In haploid thallus, after the fusion of gameles, the diploid zygole undergoces meiosis
during germination. However, in diploid algae a zygote may divide milotically and
give rise to a diploid thallus (Fucws). Both haploid and diploid thallus are found in
Ulva. They look very similar in size and shape. '

SAQ 4.1

a)

b)

Which of the following algae reproduce only by binary fission?
0 Volvax )

i) Chlamydomonas -

iii) Anacystis

iv) Microcystis

In the following statements fill in the blank spaces with appropriate

words:

D) e is an enlarged cell in blue- green algae
which accumulates food reserve, develops a thick wall and functions
as a resting spore.

ii) Under unfavourable conditions the zoospores lose their flageila and
round up, they are called ...........ooeeiien e

iii) When a filamentous alga is accidently broken it develops into a

iv) The stage when thoisands of zoospores of Cllaniydomonas cluster
together i a gelatinous mass iscalled ......................

v) When both plus (+) and minus (-) strains are produced by the same
parent the condition is called .........ooee i

vi) When lwo gametes (plus and minus) arise from different parent algae
the condition is called ...............oeci

vii) Fusion of gametes of same size and morphology is called

In the following stalements choose appropriate alternative word given in the

parenthesis:

) 1nalgae gametes are always {hapleid/diploid).

i} The chemical subslance produced by (female/male) gamete (hat atiracts
the (female/male) gamete is called {(zamones/chemone).

iii) Tn algae the product of fusion of male and female gametes is called
(zoospore/zygospore/zygote).

Reproduction in Alpac
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4.3 . REPRODUCTION AND LIFE CYCLE

Anisogamy

We have given above the basic modes of reproduction in algae, Now we rake up
some specific algal types to illustrate their life cycle in nature. It is to be noted that
the life cycle of an alga is véry much controlied by environmenial factors like
temperature, tight, scasons, and availability of nutrients, and also salinity, wave
action and periodicity of tides in the case of marine torims. Observations made by

" people during different times from various geographical locations and sometimes

experimentally studied under controlied conditions, give us fairly comprehensive if
not a complete picture of the life cycle of an alga.
4.3.1 Cllamydomonas

Sexual reproduction in this alga shows all the three different Lypes depending on Lhe
species (Fig. 4.6). Isogamy is found in Cnoewusii, C.reinhardii. Cgmogame and
C.media

@ U Isogamy

Fig. 4.6 : Sexual rcprmlucliu_n in Cilapipdomonas: Isugamy Janisogamy and oopnmy.
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[sogamy is of lwo types:

In clenal populatiens (cells obtai .cd by the repeated divisions of a single parent
cell) fusion may take place betw en gametes which are homothallic or in self
compatible strains. For example, fusion occurs between any two cells of
C.gynogama and Comedia,

In C.moewusii and C.reinhar i fusion of gametes can lake place only when they
come from two different unrelated (heterothallic, self incompatible) strains,

In many isogamous species the parent cell may divide to produce 16 to 64
biflagellate gameles while in some the adult cells themselves may directly behave as
gametes and fuse.

'
s

Anisogamous form of gametic fusion is found in C.brenii. A female cell divides
and produces four large cells. Each ol these cells have two flagella but are less
active. The male cells are about § in number but smaller in size.

Qogamy is the advanced Lype of sexual reproduction found in C. coccifera. A parent
cell discards its flagella and directly becomes a non-motile egg or ovum. While male
parent cell by repeated divisions produces sixteen male gameles, These are
biflagellate and highly motile.

The precess of gamelic attraction. lusion and related phenomena have been swdied
in some detail in the laberatory. Under proper light condition and carban dioxide
concentralion, production of gameltes can be initiated by nitrogen starvation. The
formalion of male or female gameles (even in the case of isogamy) is attribuled to
the varying concentration of gamones produced by them. The attraction belween
gametes was found due lo the presence ot glycosidic mannose at the lips of the
flagella of one strain which in a complementary way binds with the substance
present in the flagella of the gamete of the opposite strain. Once this sticking of the
flagelia of plus and minus gametes takes place, flagella twist about each ether
bringing the anterior ends of the gametes close. This is followed by cellular and
nuclear fusion.

The zygote sceretes a thick wall and accumulates large amount of food materials like
starch, lipids and orange- red pigments. It is now known as zygospore which
remains dormant till the environmental conditions are favourable for its germinalion.

It has been shown that during germination of zygospore meiosis takes place
followed by milosis resulting in haploid Chianndomonas cells.

Life Cycle

Chiagmydonronas is unicellular, haploid and reproduces asexually many times by
forming zoospores. Under unfavourable environmental conditions it produces
cameles which fuse lo ferm diploid zygospores. During germination reduction
division takes place,and haploid cells are formed (Fig. 4.7).

Clianydomonas is of greal intereat tu biologists. Its study has brought (o light
several interesting fentures of biological importance, some of which are listed below:

i) Presence of DNA in the chloroplasis of the alga.

ii) Presence of cytoplasmic genes.

iii) Production ef genetic multations- altecting nutrition, photosynthesis and
production of mutants without flagella or cell wall.

iv) Discovery of gamones and their role in sexual reproduction,

v) Presence of isogamy, anisogamy and cogamy in a single genus,

vi} Control of reproduction by environmental conditions.

Led
)
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Asexual
reproduction

évcgclativc cclls {(n)
Zoosporcs (n) \ \

iy @ @%

Meiosis
Gametes (n) Y/

-+
.’/
-
-

Zygole (2n)

Fusion
{syngamy)

Fig. 4.7: Lifc cycle of Chlunydomaons.

4.3.2 Ulothrix

Sexual reproduction takes place by means of isogantous, biflagellate gametes.
Fusion lakes placc only between plus and minus mating types. The gametes are from
different filaments (heterothallic). The zygole develops a thick wall and remains
dormant till the conditions are favourable for germination. When conditions become
favourable meiosis takes place and 4-16 haploid zcospores are produced which
seltle down and give rise to vegelative filaments {Fig. 4.8).

[t has been found that LHot/ix produces gametes when grown under long day
conditions while shert day conditions initiate the formation of zoospores,
Life Cyele

Look at Fig. 4.8 showing the life cycle of Ulothrix.

Which is the diploid stage of (he algae?
The thallus of Liothrix is haploid and the diploid stage is represented by the
zygote only.



We would like to draw your attention to the fact that in some species ({.speciosa,
Uflcca and in Uimplexa) the zygote develops into an independent, unicellular
thallus which is diploid in nature. It produces zoospores asexuaily by meiosis. The
zoospores develop inte hapleid filaments,

Thus in Ulothrix two types of life cycles can be distinguished:

Haplobiontic:
The thallus is haploid and only the zygote is diploid e.g. U zomufu?

Diplobiontic:

In diplobiontic cycle, the alga consists of a haploid thallus that produces gametes and
a diploid uniceliular stalked thallus which produces zoospores after meiolic division.
The two generations - haploid and diploid, allernate with each olher. (alternation of
generations). Because Lhe two thalli are very different in size and morphology it is
known as lreteromorphie, diplobiontic life cycle.

200spoLe ‘E‘ ; ASE\ual \ ‘B\ Zoospore
* )

Zoospere Zoospore
liberation \&S(™ Od-'an'oc lib¢ration
A=
Gancle _Gamc_lc
liberation liberation

{Dormant '(m @ soospore /)
"x;‘ Zoospores @ .E\
% f Gamcle (n)

Gamele {n)

Zoospore

& Zygole

a‘ (21)

[sogamy ;

Fip. 4.8 : Lifc cycle of tHothriv

)
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Box ltem 1

Alternation of Generations

The type of life cycle of an organism in which reproduction alternates with
cach generation between sexual reproduction and asexual reproduction is
called alternation of generations. The two generalions are termed as
gametophytic and sporophytic gencrations, The gametophytic aeneration is
haptoid{n} and the sporophytic generation is diploid (2n).

The fusion of lwo gametes(n) results in zygole(2Zn) which on germination
forms (he plant/ thallus called sporophyle. The sporophyte in turn produces
haploid spores by meiosis. When a spore germinates it develops into
gametophyte which bears mate or female gametes or both on the same plant /
thallus.

[n some bryophyles the gamelophylic generation is more conspicuous, While
in ferns the sporophylic generation is more prominent. In angiosperms main
plant body is sporophyte and the gametophytic generation is reduced to a few
cells. You will see that all type of situations prevail in algae. In some algac
gametophylc is prominent while in others sporephyle is prominent

4.3.3 Uva

The life cycle of Uhva is shown in Fig, 4.9. Note the thalli of sporophyte and
gamelophyte. Both are morphologically alike. However, the gamelophyte is
haploid (n) whereas the sporephyte is diploid (2n). The haploid gametophyle
produces gametes and the diploid sporophyte produces alter meiosis zoospares thal
germinale to form haploid gametophytes.

T % D
l\\ﬂ ) _;{oosporcs OD\ EQ
giosis  (n)
2

T Sporophytc (2n) E]

Gamete (n) \ J
\ Fusion .
G

|
C?%\ »L
0wl

Zygote {2n) amc(:lc;phylc
n

Fiy. 4.9: Lifc cyele of Ufva. Note the isonerphic wlternation of generations.
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The gametophytes of Ulva produce gameles which are isogamous or anisogamous. : Ha e
After fusion the zygote is formed which develops into a diploid sporophyte.

The life cycle of Ufva is described as isomorphic, diplobiontic type.

4.3.4 Laminaria

Sexual reproduciion in Laminaria is oogamous lype.

The mature diploid thalli of sporophytes produce sori or unilocular sporangia on the
surface of the lamina. Each sporangium divides by meiosis to give rise to 32

biflagellate zoospores which germinate to form male and female gametophytes (Fig.
4.10).

oo

Sporangium

aw o0 LD
oyefasd

o oo o

/ Meiosis

/
Blade \ Z0oSpores Unilocular
Merislcm (n) Sporangia

Stipe Fermale gametophyte

Holdfast

| Male
Male gamelephyte (n)

Sporophylc
(2n) Sperm

\_

Egg (n)

C—_ I

Zygole (2n) A

Fig- 4.10: A} Lifc eycle of Laminaria. B) The sporophylc is macroscopic nnd the male nndd female
gamelophyles arc microsopic. -

The gametophyles of both sexes are microscopic with a few branches and their
fertility is controlled by environmental conditions.



Any cell of the female gametophyte can develop into an oogonium, the contents of
which form a single egg. The egg protrudes out when mature but remains attached to
the mouth of the empty oogonial cell.

Antheridia are produced singly as lateral outgrowths of the male gametophyte. Ouly
one sperm is produced from each antheridium, which is pear shaped and has two
flagella of unequal fength,

After fertilization the zygote immedialely divides mitotically without any resting
period and develops into a sporophyte { Fig, 4.10).

Life Cycle

In Laminaria there is a distinct alteration of haploid gamelophyte and a dominant
diploid sporophyte.

Reduction division takes place in the sporangia of sporophyte before the formation
of zoospores, which germinate to form the male and female gametophytes.

The two dissimilar generations - one simple filamentous gamctophyle and the other
highly differentiated, complex mullicelluiar thallus - ahernate with each other -
hence the life cycle is termed heleromorphie alternation of generations.

4.3.5 Fucus

Fucns has advanced type of reproductive structures, termed as receptacles, which
are swollen at the tips of branches (Fig. 4.11 A).

Distributed over the sirface of each receptacle are smail pores, known as ostioles
whicl lead into the cavities, called conceptacles (Fig. 4.11B). Each conceptacle
may produce only eggs, only sperms or as in some cases both. A thallus may be
unisexual - either having male receptacle or only female ones.

Afr bladder Ostiole
\ Conceplacle

Ostiole

Receplacle

Midrib

Stipe

Holdlast A

Fig. 4,11 : Freens: A) Structure of thallus, 13) Enlarged receptacle,

At the base, inside the conceptacle is a fertile layer of cells which develops into
aogonia (Fig. 4.12A and 4.14A). Each cogonium has a basal stalk cell and an upper
cell which undergoes reductien division and produces eight haploid eggs (4.12C
and D). These are liberated in the coneeptacle (Fig. 4.12E). Seme of the cells inside
the conceplacle produce unbranched multicellular hairs called paraphyses which
emerge out of the ostiole as wfts.



Fig. 4.12: Fucns A) T.S. thraugh female concepracie showing aogonia, B) T. S. through male
canceplicles showing antlieridiz, €) siructure of an ovgonium, D and E) fermation and

liberation ol eggs.

—- Rhizoidal
initial

Fig. 4.13: Formation and developmental stages of a zygofe.
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Antheridia are produced on branched paraphyses inside the conceptacle (Fig 4.12B
and 4.14B}. Each antheridium is 1iké a unilocular sporangium which divides
meiotically and then by further divisions produces 64 hapleid sperms. The
biflagellate sperm has a longer flagellum pointing backwards and a shorter one
projecting towards the front. It has a single chloroplast and a prominent orange eye
spot (Fig. 4.14A).

The release of the gametes is connected with the sea tides. At low tide, Fucis fronds
shrink due to loss of waler, and when such fronds are exposed to an on coming tide,
the eggs and sperms are released inlo the surrounding sea water.

The eggs of Fucus are known to attract sperms (Fig.4.13 A and B) by secreting a
gamone . Immediately after fertilization a wall is secreted around the zygote. It has
been shown that unfertilized eggs can develop into germlings parthenogenetically if
treated with dilute acetic acid.

The dipioid zygole germinates by producing a rhizoidal outgrowth on one side. Itis
later cut by wall formation to form a lewer chizoidal cell and apical cell { Fig. 4,13C)
which by further divisions (Fig. 4.13 D and E) gives rise (o the Fucny fronds.

Fig. 4.14: Fucus: A) C8. of a female concepinele and B) C. 8. of male conceptncle.
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Life Cycle

Frens plantsare diploid and the haploid stage is represented by gameles anly.
The life cycle of Fucus is described as diplontic life cycle.

The Four basic types of life cycles described above are summerised in Fig. 4.15.

Haploid phliase (n) Diploid phase (2n)
(Gamelophyte) Zygote (Sporophyte)

t
|
\ '
Haplontic _.,y. |
(c.g. Chiamydomaonas) ) \» 6 / / I
[
_ [
Meiosis }

Mciosisi
*____"‘---...__N\‘-‘
1 =
Isomorphic Q |
aiternalion ?
(e.g. Ulva) I

L
ar. I

.
— 44— Mciosis

Heteromorphic /
alternation ad
{e.g. Laminaria) \.\/ \
N x\*.

Meiosis

Diplonlic

i
(e.g. Fucus) \E-‘*. :
]
T
[

Tig.4.15 : Four busic types of life eycles in algac.

When the dominant phase is the haploid gametophyte, the iife cyele is lermed as
haplontic life cycle. In this cycle diploid state or sporophyte is represented by zygole
which produces spores by meiosis that develop into gametophyles.

In diplontic eycle the main or dominant phase is the diploid sporophyte. The zygole
directly germinates into a sporophyte. Later meiosis takes place producing haploid
41
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gametes that fuse to form the zygote, In the diplontic algac it is Lo be noled that no
{ree living haploid thalii are found.

When both the gametephyte and the sporophyte are equally developed and look
morpholoigically similar, we have isomorphic alternation of generations. However,
if gamelophyte is underdeveloped compared to the sporophyle the life cycle-is
known as heteromorphic allernation.

SAQ 4.2

a) In the following slalements choose the correct alternative word given in the
parentheses.

1} Zygote of Chlantydomonas undergoes (meiosis/mitosis) during
germination.

it} Shori-day condition iniliates the formation of (zoospores/gametes) in
Ulothrix.

it) In haplontic life cycle, the alga is (haploid/diploid), only the zygole is
(haploid/diploid).

iv) In (haplontic/diplontic) type of life cyélc the alga producing
gameles is haploid and the alga producing zoospores is diploid.

v} The reproductive structures present at the swollen tips of branches in
Fucus are called (receptacles/conceptacles).

vi) The small pore present on the (receptacle/conceptacle) leads to a cavity
called (receplacle/conceplacle).

b) In the following statements fili in the blank spaces with appropriate
waord(s):

i) The alternation of generations where gametophylte and sporophyte of
agiven specics are morphologically distinct from each other; the
gametophyte generally microscopic iscalled ..ot

iy oo the thallus of gametophyte and sporophyte are
morphologically alike, Such type of alternation of generations is called

iii) Ostliolesarethe ............cccevivinn.o. on the surface of receptacles that

I¥) In Fucusspermsare .........................

v} In Fueus the éggs secrete .............oco.o..., to atiract sperms.
vi) The life cycie of Fircusisof ...................... type of alternation of
generations.

4.4 ORIGIN AND EVOLUTION OF SEX

4.4.1 Origin of Sex

The basic feature of sex is the fusion of two cells — gametes which are of two Lypes,
male (plus) and female (minus).

What factors lead lo the fusion of cells as such is not clear but fusion brings about
mixing of two different (but retated) genomes together, one probably compensating
for the deficiencies of the other. This particular feature is a biological advantage for



the survival of the species. it is no wonder that almost all organisms developed
sexual method of reproduction.

Zoospores

e —

Macrozoospores

Fig. 4.16 : Llypothelical dingram illusteating the origin of sex in Uiothrix {Adapted [rom Kumar
and Kingh, 1990}.

Even in the case of prokaryotic cyanobacteria, and also in other bacteria different
mechanisms were discovered (para-sexual mechanisms) whose essential feature is
exchange or mixing of genes or complete genomes between a donor and a
recipient.

In all eukaryotic algae as in all plants and animals, fusion of cells is the method
by which sexual reproduction takes place. The question is how this fusion of cells
originated and further how this phenomencn was preserved and refined during
evolution. The study of the sexual processes found in the present day algae provide
some answers Lo the above queslions.

i lower algac like Chlamydomonas, Ulothrix and  others asexual
reproduction takes place through motile swarmers called zoospores. In Ulothrix
depending on the number of divisions that a cell undergoes, at least two Lypes of
zoospores are produced, small microzoospores and large macrozoospores. The
microzoospores often [ail to germinate 10 produce new piants, probably due
to deficiency or low level of some vilal substances nceded for cell division and
grow(h. However, such swarmers are found o fuse in pairs occasionally and
(hen develop inte Ulotlrix (ilaments. 1L appears (hat macrozoospores are self
sufficient and do not require any such [usion.

In many algae on¢ can not make out any difference in structure belween a
zoospore and a gamete, except  for their behaviour - a zoospore direcily develops
‘nto a filament whereas a gamete needs fusion with another gamele for further

Reproduction in Algae
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development. If certain type of zoospores - small microzoospores can behave
like gametes, at times gametes which fail to fuse may behave like Zoospores and
develop directly into thallus -a  phenomenon called parthenogencsis reported to
be present in diverse organisins. Such observations indicate that gametes are
madified zoospores and gametic fusion originated through accidental fusion of
small and weak zoospores, As such fusions in general lelp by genetic
mixing, 10 acquire characters useful for biological survival, the essential Features
of sex were refained and improved further during evolution.

4.4.2 Evolution of Sex

Isogamy, fusion of identical gametes seems to be the earliest state of sex. However,
the morphologically similar gametes may be different in origin, arising from two
different gametic mating types, plus and minus strains (heterothallic),

The simplest early state appears to be the fusion (not any more accidental but
regularised) of morphologically similar gametes, perhaps arising from Lhe same
thallus - homothallic isogamy. This is improved further by heterothallic
isogamous fusion, in which though gametes looked morphologically similar but
with genetical and biochemical differences to encourage fusion of opposite
mating types, plus and minus only,

Anisogamy conslitutes an intermediary state as it may involve fusion of gametes
with distinct size difference. Although both gamefes are flagellated, the bigger
one may be less active than the smaller male gamete. Further refinement
ultimately led to cogamy - which is the most common and 1the only form of
sexual reproduction in higher thalloid alzae.

Qogamy is characicrised by big non-motile ceg and a small molile
spermalozoid. The gametes may be produced in cogonia and antheridia.
The oogonia may produce only a few eggs (eight) or as in some algae a single
egg, while the number of sperms formed is always very large.

Generally, the eggs are liberated into the surrounding water but there isa
tendency to retain the egg inside the oogonium itself, where fertilization also takes
place. The zygote or oospore may develop further inside the emptly oogonium,

It is to benoted that the above account of the origin and evolution of sex is
entirely based on the study of reproductive process of various algae. Biologists
in recent years discovered that in algae, sex has genefic and biochemical
basis. In Chlamydomonas gametes produce a volatile substance that attracts the
gametes of the opposite sex. The eggs of Fucus, Laminaria, Oedogonium and
many other algae have been shown to produce species-specific chemicals to
attract the spermatozoids. Such chemicals are known by a collective name
‘gamones or pheromones’ or sex hormones.

In algae, several other processes connected with reproduction like gametogenesis,

-chemotaxis of gametes, adhesion and fusion of gameles of opposite sex -

are known to be controlled by pheromones.

SAQ4.3
a) Indicate which of the following statements are true or false. Write T for
true and F for false in the given boxes,

i) Inmany algae zoospores and gametes cannot be distinguished D
from their morphology.

i) In algae at times zoospores behave like gametes and gametes D
behave like zoospores,

i)} Plus and minus gametes are genetically alike. D
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4.5 SUMMARY -

In this unit you have learnt that:

»  Algae reproduce by vegelative, asexual and sexual methods,

¢ Asexual reproduction involves lhe formation of various types of spores formed
in any vegelative cell or in specially differentiated cells,

s Sexual reproduction in algae invalves fusion of two gametes.

e The gametes may not have clear morphological differences to be called male
or female, hence designated as plus and minus mating types. The fusion
product is known as zygote.

¢ Inisogamy both the gametes are equal in size and flagallated, in
anisogamy bolh are flagellated but one gamete is bigger in shape and size
called female or minus type. [n Qogamy Lhe bigger one, is without flagella,
non-motile egg and male gameles, spermatozoids are small and motile.

e Haploid gameles are produced by mitosis in a haploid thallus or by meiosis in
a diploid thallus. A complete life cycle of an alga involves two phases - haploid
phase and a diploid phase,

« In different algae the haploid and diploid phases show a variety of morphology
and the two phases alternate with each other known as alternation of
generations, even though both phases occur within a single life cycle.

»  Algae show haplontic, diplontic, isomorphic and heleromorphic alternation of
generalions.

4.6 TERMINAL QUESTIONS

[ List the factors that control the life cycle of an algae.

2. With the help of a labeiled diagram describe the three 1ypes of gametic
fusion in sexual modes of reproduction.

3. What is the special advantage of sexual reproduction to a particular
species?

L
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4, "Gametes are inedified zoospores” Comment.

4.7 ANSWERS

Sell-assessment Queslion

4,1 a) Anacystics, and Microcystis

b) i) Akinete, ii) aplanospores, iii} new filament, iv) palmella stage,
v) homothallic or monoecious, vi) heterothallic or dioecious,
vii) isogamy, viii) distinctiy different in size.

c) 1) haploid, ii} female, male, gamene, iii) zygote

4.2 a) 1) meiosis, ii) zoospore, iii) haploid, diploid,
iv} diplentic, v) receptacles, vi) receptacle, conceptacle

b) i) dimorphic
ify Ulva, isomorphic,
iii) small pores, conceptacle
iv) biflagellate
v) gamong
vi) diplontic

4.3 DT, T, i) F
Teérminal Questions

1. Temperature
Light
Availability of nutrients
Seasons
Wave aclicn
Periodicity of tides

2, Isogamy
Anisogamy
Oogamy
3. There is mixing of lwo different but related genomes, one

compensatling for the deficiency of the other. This is particularly
advantageous for the survival of species.

q, In many algae one can not make out any difference inslructure
belween a zoospore and a gamele, except for their behaviour - a
zoospore direclly develops into a filament whereas a gamele needs fasion
wilh another gamete for further development. If cerlain Lype of
zoospores - small microzoospores can behave like gameles, at times
gametes which fail to fuse may behave like zoospores and develop
.directly into thallus - a phenomenon called parthenogenesis reported to
be present in diverse organisms. Such observations indicate that gametes
are modified zovspores and gametic fusion originated through accidental
fusion of small and weak zoospores,
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Structure

5.1  Introduction
Objectives
5.2 Criteria for Classification of Algae
5.3  Prokaryolic Algae
Division Cyanophyta (Bue-green alwae)
5.4  Eukaryotic Algae
Division Chlorophyta (Green algne)
Division Phacophyta (Brown algae)
Drivision Rhodophyta (Red alzac)
Division Xanthophyta (Yellow-green algae)
Division Chirysophyta {Golden-brown algac)
Division Fuglenophyia (Euglenoids)
Division Dinophyia (DinoMagellates)
Diviston Cryptopbyta {Cryplomonad)
Diviston BaciBariophyta {Diawoms)
5.5 Systemalic Position of Soime Genera
5.6  Summary
5.7  Terminal Questions

5.8  Answers

5.1 INTRODUCTION

From the previous lwo units it is evident that algae show a great diversity in structure
and reproduction. In s unil you will learn classification of this diverse group.
Classification means grouping of organisms according to the similarily in their
characiers. Il is not far letched but true that organisms showing similar morphology,
life cycle, physiology and biochemistry are geneticaily related from the evolutionary

point of view (phylogenetically relaled) and one is justified m grouping them together.

The position of algae as a group among (he other groups of organisms has been
discussed already in the previous Block LA{Unit 2, Page 31}. !t was indicated that
algae could be classified according 1o their common characters into 8 divisions of
Kingdom Protisia (Unit 1, p I8). The relationship among different groups was also
discussed. You may recall that blue-green alaae have been grouped as Division
Cyanobacteria, and clubbed with bacteria under the Kingdom Manera.

In (his unil you are introduced lo the characleristics of different divisions of algac.
Objectives

After studying this unit you should be able to:

s list the various criteria used for the classification of algae,

s  explain why algae are classificd as protists instead ol plants,

s list the various divisions of algae and deseribe the characteristics ol each,
s classify the genera of algae studied in Unit 3 into division, order and family and

¢ give common examples of algae Irom cach division.

Study Guide

In this unit we have given several examples of algae for each division but you are
expected to remember at least three (rom each division,

52 CRITERIA FOR CLASSIFICATION OF ALGAE

The criteria used by phycologists are quite varied. Generally a number of characters
are used together ranging from external morphology, ultrastruciure, chromosome
nuniber and their morphology, pigment compaosition, nature of cellular storage
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products, enzymes. isoenzymes, DNA homology, and DNA banding etc. As new
techniques are developed they are used to decide more precisely the relatedness {or
absence of it) of organisms which seem otherwise related to each other.

Given below are the salient characters of each of the divisions of (e algae. It isto
be noted that each division is again divided into orders, families, genera and species.
In section 5.5 you will find the classificalion of all the algae which are included in
your study. Please note that they represent certain divisions, orders, and families
only. Because of the restriction of time representatives of other divisions are not
included in your course, not because they are any less important in the biological
world,

Prokaryotic — Cyanophyta
Algae
Algae Chlorophyta
\ Phaeophyta
Rhodophyta
Eukaryotic Kanthophyta
Algae Chrysophyta
Euglenophyta
Dinephyta
Bacillariophyta

5.3 PROKARYOTIC ALGAE

3.3.1 Division CYANOPHYTA (Cyanobacteria or Blue-green
algae)

Prokaryotic algae are placed in Division Cyanophyta, Algae of this division may be
unicellular, colonial, and filamentous, with er without branches, branching may be
‘true’ or ‘false’ fype. Most forms are embedded in mucilaginous or gelatinous
sheaths.

The composition of cell wall is similar to bacterial cell wall. It is, made up of
distinctive mucopeptides and muramic acid.

The ultrastructure-of the cell shows no organised nucleus, mitochondria or
chloroplasls, Photosynthetic lameltac and ribosomes of 70s type are present in the
cytoplasm of the cells. Some filamentous forms possess specialised cells termed as
‘heterocysts' (ref. to Fig. 3.2), which are involved in nitrogen fixation.

The main photosynthetic pigments are chlorophyll @ and phycobilins - (phycocyanin
and phycoerythrin). A number of carotenoids including [F-carotene are also present,
some of which are specific to the division.

Carbon is reserved in the cells as glycogen granules and nitrogen as cyanophycean
granules. Other granules like polyphosphate granules, some enzyme aggregates like
carboxysomes may also be present. o

Reproduction occurs by simple cell division, No motile cells are found in
cyancbacteria and they do not have sexual method of reproduction. Thick walled
cells called *akineles’ or spores are present in some forms for perennation and
asexual reproduction,

Cynabacteria are distributed all over the earth in diverse habitats, fresh water lakes,
ponds, rivers, arctic, antarctic areas, hot water springs, brine salt pans, desert soils,
subacriai surfaces like tree trunks, building terraces and rock surfaces.

Examples: Anacystis, Microcystis, Nostoc, Anabaena, Oscillatoria, Spiruling,

Calothrix, Telypo thrix,Gleotrichia, Lyngbya, Scytonema, and Stigonema.



Anacystis

Spirulina

Fig. 5.1 : Some examples of Muc-green alpae.

Classification of Alpae
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-

Lyngbya Stigonema

Fig. 5.2 1 Thallus structare in blue-green algne,

54 EUKARYOTIC ALGAE

As you have learnt earlier, that Kingdom Prolista includes eight divisions of algae.
Some phycologists make nine divisions treating Bacillariophyta separate from
Chrysophyta. You may note that we have also taken it as a separate division. In the
following account they are described in detail below.

5.4.1 Division CHLOROPHYTA (Green algac)

This includes unicellular to multicellular forms of green algae, The multicellular
forms may be in the form of filamentous, branched or unbranched, thalloid, tubular
or sheet like arrangement of cells, Seme of the green algae are colonial in form. The
cell structure is eukaryolic type as in higher plants with membrane bound organelles-
nucleus, plaslids, mitochondria, and cyloplasmic ribosomes of §0s type.

The cell wall is generally made up of cellulose. Sometimes the cells are also covered
wilh chilin.

The principal phatosynihetic pigments are chlorephyll « and b, carotenes and
xanthophylls localed in the thylakoids.



Chlorella

Cladophora

Fig. 5.3 : Some members of Division Chlorephyta.

Colecchaete

Classilication of Algac
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Fip 5.4 : A} Several isvlated tlinllus of Acetabntarie, commonly called mermaid’s wineglass, and B}
Cauelgrpar, » coenocylic green algac (caurtesy of P Duynnandan).

The storage preducts of the cell are mostly starch, bul in some algae lipids.

Reproduction occurs by asexual and sexual methods. Asexual reproduction is by
billagellate or quadri-flagellale zoospores whereas gametes (sexual reproduction) are
biflageliate. The flagella are anterior and of whiplash type. Sexual reproduction
includes isogamy, anisogamy. and cogamy.

Green algae are distributed in fresh water and marine habitats; some may be
subnerial on wet soil or bark of trees,

Examples: Chlorefla, Chlamydomonas, Pediastrum, Spirogyra, Clacdophora,
Aeectabularia, Trentephohlia Micrasterias and Caulerpa.
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Fig. 5.5 : Seawning clecwran micrographs ol A} Pediaseraom, Ty Micrasterias, (Courtesy af P.
Dayanandan).

5.4.2 Division PHAEQPHYTA (Brown algae)

Structurally they are most complex in morphology. They range from simple
branched filaments to massive bodies.

Cell wall composilion is complex. Besides cellulose, it may contain algin, fucoidin

Principal photosynthetic piaments are chlerophyll @ and ¢ and carotenoids.
Fucoxanthin {brown in colour) is presenl in large amount that gives alga brown
colour by masking the green celour of chlorophyll.

Photosynthetic storage product is manmnitol. some times laminarin. Rarely, lipid
droplels may be found in the cells.

Sexual reproduclion ranges {rom isogamy 10 cogamy. The motile swarmers have
(wo unequal laterally inserted flagelln, one of the flagella is lavger and anterior and
the other is smaller and posterior.

Most of the brown alpae are senweed, very large in size, commonly known as kelps.
They are the main source of iodine. agar and related products.

Examples: Ectocarpus, Fucns, Laminaria, Sargassum. Dictrota, Alaria, Macrocystis,
Nereocystiy and Pading.

Classifiention of Algac
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Eciatarpus

Laminaria

Dictyofa

Sargassum

Padina

Fip. 5.6 : Same common brown-algac.



Macrocyslis

Ll
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fal

Nereocystis

Fig. 5.7 - A) Macrocystis, B) Photograph of!\_’ereocysr."s {Courtcsy of P, Dayanandan).

Classification of Algae
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Coralline ulygac are a group of

red alzae that secrete calcium
carbonate armmd their cells
and form sti thalli .Coralline

algace are tmportant builders al

coral reefs in wopieal water,
contrary ta the believe that
coral animals alone make up
coral reefs.

56

3.4.3  Division RHODOPHYTA (Red algac)

Most forms are multiceliular and highly branched, a few are thaileid and one alga
Porphyridium is unicellular. The body may be covered with calcium carbonate
incrustations.

Besides cellulose their ceil wall contains peetin, polysulphate. csters and large
amount of polysaccharides on the outside of their surface. These polysaccharides are
the source of agar and carageenans. Cerain red algae for example coralline algae
secrete calcium carbonate around their cells and form stiff thalli,

Gelidium

Corallina

Fip. 5.8 : Some common Red alpie.



The main photosynthetic pigiments are chlorophyll a. « and phycoerythrin. Some red Clavification of Algac

aigae contain phycacyanin also, The algac appear red or pink in colour because of
large amounts of phycocrythrin

The food reserve in the cells is floridian starch.

No motile cells arc lound al any stage of reproduction.  Sexual reproduction is
advanced oogamous Lype. Male gametes — spermatia are passively transported by
water movements 1o the tip of trichogyne of the female carpogonium.  After
Fertilisation, special developmental changes occur, thal are not found in any other
division of the ajgac.

Mosl ol the red algae are inarine in habitat. A few are found in fresh water lakes,
rivers, streams and ponds. Some are epiphytic or parasitic in nature.

Example: Porphyridium (unicetlular), Porpiyra, Polysiphonia, Gracifaria,
Gelidizm, and Coraflina.

5.4.4 Division XANTHOPHYTA (Ycllow-green algae)

Some forms are unicellular and motile while others are filamentous, with
multinucleate cells.

Photosynthetic pigments are chlorophyll @, ¢, B-carotenc which is present in large
amount, and xanthophylls giving the cells greenish-yellow colour.

»
Food reserves include lipid and chrysolaminarin (-1,3 - linked polymer of glucose.
also known as leucasin.

Cell wall frequently consisls of (wo overlapping halves, containing pectin. silica and
small amount of cellulose.

Sexual reproduction is rare. The motile cells have two unequal flagella present on
the anterior end; one is tinsel and the other whiplash type.

Yellow-green algac are widely distribuled in aquatic, fresh warter habitats.  Some
‘are sub-aerial and a few are marine in distribution.

Examples: Vancheria, Botrydium,

TS
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Vaucheria

Bolrydium

Fig. 5.9 : Two members ol yellow-green algae.
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SAQ 5.1

a) List the crileria for classification of algae.

b) In the following statements fill in the blank spuces with appropriate words.
i) In cyanobacteria carbon in reserved as ...
ii) The colourofred algaeisdueto ....o.oveiciiiiinnne,
iii} The storage malerial in the algae of Divison Phacophylais ............. ,
iv) Sexual reproduction in Xanthophytais ......................,

¢) Which cne of the lollowing divisions of algae does not have motile cells?

i) Cyanophyta
ii)  Rhodophyta
iii)  Chiorophyta
iv)  Phacophyta

3.4.5 Division CHRYSOPHYTA (Gelden brown algae)

Mostly unicellular or colonial, filamentous forms are rare.

Moitile cells have nwe equal er unequal flagella present on the anterior end. The
longer one has stilf hairs and the shorter is smooth. The cell wall is made of pectin
and sitica or scales ol carbenate. The chloroplasis are deeply lobed.

Chromulina

Fie. 5,80 : Some members of Clirysophyti,



Lo - : . . Classification of Algae
Principal pigments are chlorophyl! ¢, ¢, and carotenecids like B-carotene, fucoxanthin, e

diatoxanthin and neofucoxanthin,

Slorage producls arc mostly oil droplets, and true starch is absent but glucan granule
or leucosin are present. '

Sexual reproduction is rare. Mosl common features are the formation of resting
cysls, resling spore (statospores), with silica walls. The cysis are formed as a result of
asexual or sexual reproduction.

Golden-brown alzae are distributed in marine and fresh water habitats, and in fast '
flowing mountain streams,  Marine coceolithophorides are responsible Tor the
formation of chalk beds on the bottom of the sea.

Cxamples: Synra, Chromuding, Ochromonas, Mallomonas, and Dinobryon.
5.4.6 Division EUGLENOPHYTA (Euglenoids)

Most ol the cuglenoids are simple unicellular motile flagellates. They have no firm Mamburs ol o alil

dhivisioms sueloas the

cell wall. and possess characteristics like protozoans. They have a contractile enizlennits, cryptophytes.
vacuole, Cell surface is pellicle (thin membrane) and has helical; knob like dinallagetlanes, ehrysopli fes
projections. Cell shape changes constantly (cuglenoid-movements). Chloroplasts ure predonisantly unicellui

Sunte bicTouists coanider thow

show variety of shapes such as discoid, ribben like or stellate. Cells are billagellate |
) . organisms 1 be mare relalel
but only onc flagellum emerges anleriorly. Lo the anial Kingdengand

classily them under pastoson
The photosynthetic pigmenis located in the plastids include chlorophyil a, 6 and
carotenoids including (-carotene. Some evglenoids are also colourless,

A form of starch-paramylon is present as distinct granules.  Oil droplets and
pelyphesphate granules are alse common in the cells.

Cells divide by binary fission, Many specics produce cysts under adverse
conditions.. Sexual reproduclion is absent,

Trachelomonas

Euglena

IFte. 501 Fuglennids.
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Algae Euglenoids occur in Iresh water and brackish water and very commonly in
polluted ponds and temporary rain water pools.

Examples: Ewglena Trachelomonas, Phacus.
5.4.7 Division DINOPHYTA (Dinoflagellates)

Cell wall consisis of cellulose plates which are inside the plasma membrane. A
number of plates or body scales may be present on the cell wall. Cell structure is
complex. Majority of forms are unicellular and motile. Many dinoflagellates such as
Noctifuca, are luiminescent. They glow in the dark when they are disturbed.

Most of these algae contain chlorophyli, & and ¢ and distinctive carotenoid speeific
to dinoflagellates.

Reserve foods are mostly in the form of starch and oil.

Ascxual method of reproduction is by cell division. Parent cell divides into a
number of aplanospores or zoospores or non-motile cells, Sexual reproduction has
been recently reported, gametes are smaller (han the vegetative cells and the
{usion is isogamous. Formation of cysts with or without gametic (usion 7is also

found.

Gonyavlax preduce nerve wxing
tnat hill fish, shelllish are not Dineflagellates are mostly found as marine phyteplankton, somelimes as “red
killed by wxin but they tide’ blooms. Many occur as symbionts in marine animals like corals
accumalue as nerve xins,

i (zooxanthellae).
when umans consume
contaminated shell (ish.
they develop food poisoning. Examples: Noctiluca, Gonyvandax, Peridiniuny, Ceratitun,

Ceralium

Peridinium

Fig. 5,12 : Members of Division Dinaphyia.
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Fig. 5.13 : Scanning clectron micrograph of a1 inarine plankionic dinofagellate (Courtesy of P.
Dayvanandan).

5.4.8 Division CRYPTOPHYTA (Crytomonads)

Unicellular motile orzanisms, when alive they are brown in colour. Several
genera are animal like in morphology and mede of nutrition, some are colcurless and
saprophytic in nature.

Cells are without cell wall ovoid and dotsiventrally flattened. The two flagella are
apical and unequal in length. The chloroplasts may be single or many in a cell. In
some cryptomonads there are two, large parietal ¢chloroplasts, or many disc like
ones.

Pigments include chlorophyll a, ¢, phycocyanin, phyceerythrin,and diverse -
carotenoids.

Reserve photosynthate is starch.

Repreduction is by longitudinal division of the cell. Palmelloid forms may produce
zoospores. Sexual reproduction has not been reported so far.

Examples : Crytomanas, Chroomanas,

5.4.9 Division BACILLARIOPHYTA (Diatoms)

Diatoms {cut in hatl) cach cell

Mostly unicellular forms, some are celonial and filamentous in structure. Cell is made up ol two parts, The
wall is silicified, consisling of (wo perforaied overlapping plates. 1t is highly larger part filting tighty over

the slightly smaller part like a

ornamented on the surface. Chromatophores are brownish in colour due to large petridish

amounts of carotenoids.

Phetesynthetic pigments are chlorophyll @ and ¢, fucoxanthin, diatoxanthin and
diadinoxanthin.

Common slorage product is oil and chirysolaminarin.

Reproducetion accurs by vegelalive and sexual methods. Diatom cells unlike other
algae are diploid in nature. Sexual lusion is homothallic, within the individuals of
the same clone. Two amoebeid gametes fuse lo form a zygote which develops
into an auxospore. Fusion may be isogamous, anisoganious or oogameous Lype.

Diatoms are widely distributed in fresh water and sea as planktons, on mud
surfaces, moist rocks, and sand. They may even be epiphytic, epizoid or endezoid.

Large deposits of fossil diatom shells known as diatomaceous earth are mined and
used in various induslries. 6l
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Examples : Navienla, Cyvinbella, Coscinadiscns, Diatowa and Fragifuria,

At the end we would like te peint out that classification of alzae is temalive and can
be impraved by using new and advanced techniques like DNA (ingerprinting cle.
which can clarify the genelic relatedness of organisms.

.t _\J-_ . 4.','_'.)‘.
LUADARROARARG s, £ D LAAE CORRR Y g

Fip 5.14 1 Members of Divisian Bacillariophyia. .':'um-c divivms s seen upder s¢

. anning electran
micrascape (Conrtesy of P. Doyanandan).



SAQ 5.2

In the following slatements choose the correct alternative word given in

parentheses.

i) Cell wall is absent in (Phacophyla/Euglenophyta).

i) (Chrysophyta/Rhodophyta) are mostly unicellular.

- iif) The storage material is paramylon in (Dinophyte/ Euglenophyta).

iv}) The algace belonging to (Dinophyla/Bacillariophyta) are called diatoms.

v} The cell wall of (Dinophyta/Clirysophyta) is made of peclin, silica or
carbonates,

vi} The algae of Division (Euglenophyta/Bacillariophyta) reproduce sexually.

vii} The cells of (diatoms/dinofagellates) are diploid.

Table 5.1 : Seleeted characteristics af the Alzal Divisinns,

o . I'hotosyntlictic - Fu‘rm of
Divisions ('r:ll"l ypes I’iglilcnl:. Cell Wall Composition Food
storage
Chlorophyta Berth Chlurophylls & and A. Polysaccharides or cellulose | Starch
unicellular and | xanthophylls, carotenes | or cell wall absent
multcellular
Phacaphyia Mostly Chlorophvlls @ and c. Cellulose with alginates Laminarin
multicellular fucoxanthin {oil}
Rhudophyta Mostly Chlarophylls ¢ and o, Cellulose or peelin, many Floridian
multicellular phycobiling with calctum carbonate starch
Xanthophyta Unicellular and | Chlorophylls @ und & CelluTose or cell wall Clirysotami-
multicelular absent narin
Chrysophyta Muaslly Chloraphylls & and ¢ Cellulose or no cell wall Chryolami-
unicellufar and Fucosanthin same with silica or ¢alcium narin
carbonale
Luglenophyta Mostly Chlorophylls & and &, No cell wall: pratein —rich I'aramylan
wunicellular carolencs in genera pellicle {a starch)
with chloroplasts
Dinophyl Mostly Chlrophylls ¢ and 5 Cellulose or cell wall Slarch
unicellular and peridinin (o absent Lipids
carownoid)
Cryplophyta Chlorophyils @ and e, Cell wall absenm Starch
Untcellular rhycabilins,
alloxanthin
Bacillariphy1a Musily Chlorophyils e and e Cell wall silicitied Chrysolamin
unicellular lucoxanihin arin

L Lasslieanon of Aloae

5.5 SYSTEMATIC POSITION OF SOME GENERA.

Anuacystis

Family - Chroococcaceae,
Order - Chroococcales,
Division -  Cyanophyta
Microcystis

Family - Chroococcaceae,
Order - Chroococcales,
Division - . Cyanophyta
Nostac

Family - Nostocaceae,
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Order - Nostocales
Division- Cyanophyla

Chiumydomonas

Family - Chlamydomonadaceae,
Crder - Volvocales,
Division - Chlorophyia.

Valvox

Family - Chlamydomonadacene
Order - Volvocales,

Division - Chlorophyta.

Ulothrix

Family - Ulotrichaceae,
QOrder - Ulotrichales.
Division - Chlorophyta.
Ul

Family - Ulvaccae,
Order -+ Ulotrichales,

Division - Chlorophyla.

Qedogoninm
Family - Oedogoniaceae,
Order - CQCedogoniales,

Division - Chlorophyia.

Colenchaete
Family - Celeochaetaceas,
Order - Chaetophorales,

Division- Chlorophyia.

Draparnaldiopsis
Family - .Chaetophoraceag,
Order - Chactophorales,

Division -  Chlorophyta.

Ectocarpus
Family - Ectocarpaceae,
Order - Ectocarpales,

Division-  Phaeophyia.

Fucus
Family - Fucaceae,
Order - Fucales,

Division -  Phacophyta.

Laminaria
Family - Laminariaceae,
Order - Laminarialcs,

Division - Phasophyla.
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Polysiphonii

Family - Rhodomelacecac,
Order - Ceramiales,
Division -  Rhodophy1a,

5.6

SUMMARY

[nn this unit you have learnt:

Algae have been grouped into two major types: prokaryotes and cukaryotes
beeanse of the basic differences in  the ultrastructure of the cells.

Cyanobacleria or bluc-green algae although relaed 1o bacteria, are grouped
with other algae because of the similarity in - pigment composition and
presence of oxygenic photosynthesis.

Eukaryotic algae can be classified into 9 divisions each sharing a large
sumber of conmmon characters, All pliotosynthetic algae have chlorophyil @
and P-carotcne, but other pigments may vary.

I
Three divisions Cyanophyla, Rhodophyta and Cryptophyta have similar
phycobilin pigments - blue phycocyanin, and red phycoerylhrin, othenwvise
they are unrelated in any ofthe other characters.
Green algae (Division Chlorophyta) are unicellular, colonial and filamentous
in forms, motitc and [rec floating. The photosynihetic pigments are chlorophy!il
a, b, B-carotene and xanthophylls. Food is stored as starch. Thoush euglenoids
also contain chlorophyll @ and &, but they are different from green algae.

Brown algae (Division Phaeophyla) arc mosily marine, large, complex usually
multicellular, and nen -matile. The chlorophylls are masked by brown
pigment fucoxanthin. Food is stored as oil and complex carboliydrale -
laminarin. The zoospores and mametes are mnolile.

Red algae {Division Rhodophyla) are marine, multicellular and filamentous.
The chlorophyll is masked by phycobilins. Food is stored as floredian starch.
There are no motile cells in the life cycle of the algae.

Members of Xanthophyta, Chrysophyta, Dinophyla and Cryptophyta are
mostly unicellular. They contain chlorophyll & and ¢ and are collectively called
chromophytes

In Xanthophyla, Chrysophyta and Dinophyta the cell wall is made either of
celiulose or is absenl. In Euglenophyta and Cryptophyta cell wall is absent.

5.7

TERMINAL QUESTIONS

Mateh the divisions of algae aiven in column 1 with the colours ol algae
siven below:

a) Rhodophyta i) Blue - green algae
b) Phacophyla i) Green algae

¢) Xanthophyta iii) Golden brown

d) Chlorophyta iv} Red algae

¢} Chrysophyla v) Brown algae

) Cvanophyta vi) Yellow-green algae

List the major divisions ol algae and briefly discribe their characleristics,
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58 ANSWERS

Sell-assessment Questions

5.1 a) These include

i) External morphology, ii) ultrastructure, iii) chromosonie no.
iv) photosynthetic pigments, v) storage material. vi) DNA homology.
vii} DNA banding, viii) enzymes and iscenzymes, ix) cell wall composition

b) i) glycogen
ii}) phycaerythrin

tii) mannitol, laminarin, rarely lipid droplets

iv) absent
c) (iYand (ii)

5.2 i) Euglenophyta
i) Chrysophyla
iii) Euglenophyta
iv} Bacillariophyla
v) Chrysophyta
vi} Bacillariophyta
vii) diatoms

Terminal Questions

1) a) iy, b) v, c)
e) iii, §] i

2) Ref.(orable 5.1,

3) Cyanophyta, Rhodophyta

vi, d) i
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6.1 INTRODUCTION

You are familiar witl the general leatures of algae, and their pesition among the
other groups. You have also learnt about the classification ol algac into various
divisions anxd the characteristic of each. By now it must have been ¢lear to you that
they are very diverse in their structure and characters, and are quite distinct from
plants as a group.

Algae range from unicellular {microscopic) to large (macroscopic) thalloid forms
growing in variety of habitats almost all over the surface of earth. A briel account of
various habitats where algae grow in nature is included in this unit. This is to
tamiliarise you se that you may recognise and identify some common algae if you
happen to see them in their natural surroundings.

When we say algae are (ound everywhere it is no exaggeration. Wherever there is
water, a little moisture or water vapours, and light, however feeble, they are suve to
appear as green, yellow, or brown patches. which in course of time cover the whole
surface. Their occurrence and growih is controlled by several lactors and is the
subject of science, ecology. When several types of algae grow together under similar
natural conditions we call them as communities, The camposition of a community is
determined by the physical and chemical mure of the habitat, In many cases the
algal community indicates o us about the nature ol the habitat, whether it is rich or
poor in nutrients or polluted ele.. in other words it serves as an ecological indicalor.

In this unit you will also learn how algae have adapled o the environment in which
they are found grosving by having special morphological and phys:ological leatures.
We list below some important algal habitats found in nature.

Objectives

Afler studying this unit you should be able (o;
& describe the various types of habiats ol algae,

s give examples of algae that are of common occurrence in fresh water, marine
and harsh habitats,

e recognise some clagses ol algae when you happen 1o come across them in their
natural surrounding,
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Sall pan-p vessel. or
depression near the sea.
used lor zeting salt by
evanparilion.

e describe algal association with plants and animals and

¢ give examples of algae that live in symbiotic association with other algae, other
protists, plants and animals.

Study Guide

We have given several examples of alzae in this unit but you are expecied to
remember at least two for each habitat.

6.2 AQUATIC ALGAE

Mest of the algae grow in water in the absence of which they quickly dry up and die;
however, there are also subaerial algae, which are described in section 6.3.2 of this
unit. Depending en the concentration of salts there are various kinds of water bodies,
such as fresh water, brackisl water, sea water, brine-salt lakes and salt pans. Fitriher,
these habitars nowadays may contain many types of pollulants, like excessive
organic malter, heavy metals, pesticides, industrial effluents which are produced and
dumped into them by man. This greatly affects algae and other organisims present in
Lhe water.

0.2.1 Fresh Water Habitats

Fresh water habitats comprise of rivers, mountain sireams, lakes. ponds, tanks., and
temporary rainwater puddles. In our country, rice fields where standing water is
present for several months, are rich in nitrogen-lixing cyanobacteria suci as
Auloxsira, Rivaduria, Gloeoirichia, Cylindrospernnm, Nustoc, Anabaena,
Aphanethece and sone green algae Oedogonium, Draparndaidiopsis,, Chactophora
and Coleochuere, and desmids and dialoms.

In slow Newing rivers with rocky shores one may lind many filamentous aluae
like Spirowvra. Qedogonivm and Cladophora  as extensive tloaling mats
senerally attached 1o the under water rock boulders. The surface of submerged
rocks also shows various types of atieched epiphytic aleae like diatoms, desmids and
cvanabacleria. Algal flora also shows seasenal variation depending on the turbidity
and rate of Mow ol water and other seasonal faclors,

The algal lora in a lake shows different communities at difterent rezions. Near the
shores and at the bettom  (benthos) thick mats of Spiregira, Ocdegenivm, Chara,
Nitelta and a number of epiphytic algae like Chaetophora, Colcochaete, desmids,
diatoms colonial cyanobacteria, Clelophora growing as (ufts on the shells of
animals are frequently found. Suspended in the upper layers of watcer, unicellular
and colonial algae Chicunydumonas, Volvox, Pundorina, Scenedesmus, Euglena,
diatoms, Microcysiis, Anabacna, Anabaenopsis occur as - phytoplankton. These
algae are generally small, phototactic - meving up and down depending on the light
conditions - floating during the day and sinking at the night. At times, when the
water is rich in nutrients with optimuin temperature and sunshine, one particular
algal type (Microcystis, Evglena) mulliplies very rapidly to deminate the other
algae, resulting in waler blooms (flowering of water). Such blooims can be harmlul
ta the fish and ollier animals thal grow in the water because they may consume all
the oxygen in the water during the night. While seasonal waler blooms arc more
comimon tn temperate countries, in India and other tropical countries, permanent
blooms of colonial cyancbaclerium Microcystis is most frequent. It forms thick.
bluish-green suspension in many temple tanks and lakes making the water unfit for
human needs.

6.2.2 Marine Habitats

Sea inhabits largest number of algae collectively known as scaweed. Although
[ndia has a very long shore line. it is only the rocky arcas as found in Gujaral,
Tamil Nadu, Andhra Pradesh, and in the islands ol Andimmans and Laksha Dweep
that have rich marine (lora.



Seacoast is pericdically flooded and exposed to sun because of the tides, The arca
betsveen the high tide and low tide [evel is known as intertidal zone. The seaweed
that grow in the intertidal zone face allernale drying and wetting, They are also
firmly attached to the underlying rocks by ineans of holdfasts. At times they may
get derached and found floating in the open sea as in the case of Sargasso Sea. On
the coasts of India, like Guif of Mannar (Tamil Nadu) one can collect manually
several seaweed such as Gracilariv edulis (red alga), Gelidiella acerosa (red alga),
Q. folifera, G.erassa, Hypnea musciformis (red alga) H. valentiae, H. pannosa,
Sargassun wightii (brown alzae) and Twrbinaria (brown algae), which are of
commercial imponance.

Benthic algae constitute the seaweed that are attached to the bottom away from the
shore in deeper waters and are never out of water. Their distribution depends on the
depih of the sea to which enough light can penetrate. Beds of seaweed may be
found in very deep waters, 100-200 meters, mostly containing red algae because
only these alzae can utilise the blue wavelengths of light that can be absorbed by
the red pigment, phycoerythrin.

Table 6.1: Some Important Littoral Scaweed Found on Indian Ceast.

East Const

Chlorophyta Ulva, Cladophora, Bryapsis, Acetabularia, Neomeris, Udotea
(green algae)  Halimeda, Boodiea, Dictyosphaeria.

Phaeophyia Ectocarpus, Pedina, Diciyopteris, Dictyota, Turbinaria,
{brown algae) Zonaria, Hormophysa, Sargassim,

Rhodophyta Acrochaetivm, Laurencia, Chondria, Polysiphonia,
(red algzae) Gelidiopsis, Grateloupia, Rhodymenia, Liagora, Porphyra,
Gelidietla, Gracilaria, Ceramium,

West Coast

Chlorophyta Chamaedoris, Enteromorpha, Ulva, Bryepsis,
(green algac)  Acetabularia, Struvea, Pseudobryvopsis.

Phaeophyta Dictyopteris, Dictyota, Nemacystis.
{brown algae)

Rhodaophyta Scinaia, Halymenia, Culoglossa, Rhodymenid,
(red algae) Dasya, Laurencia, Helminthocladia.

The intertidal zone also known as littoral zone can be differentiated sometimes
into three belts, supralittoral, middle littoral and infralittoral belts, each consisting of
associations of different but characteristic algae. The algae found in different
zones vary according 1o the geographical location, nature of the substratum and
other lactors. Imporiant seaweed found in the littoral zones of coastal India are
listed in the table 6.1(for reference).

Open sea away from the coast is rich in planktonic algae. Marine phytoplankton is
rich in variety and its composition depends on the geographical location and seasons.
Diatoms form the main bulk of phyioplankton, Dinophyta, Cyanophyta,
silicoflagellates and ather groups also occur but in less quantities. Sometimes, the sea
water becomes coloured due to thick pink blooms of Mectilica and some ather algae.
A cyanobacterial bloom of Trichodesninm may cover large area of the sea giving a
red colour as in Red Sea. Occasionally; some dinoflagellates (toxic) multiply very
fast and form blooms generally known as red tides. Phytoplanktens of the sea play
an important role in the primary production of organic matter, photosynthetic carbon

Adaad TEabinels aaed Distribntinn

Sarpasso Sca

A sea in Norlh Atlantlic,
named because of hupe
accumulation ol Sergassium
fronds found foating in
island fike masses.
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fixation and scrves as food for cruslaceans, fingerlings of many fishes and even
whales. All marine living organisms are directly or indirecily dependent on the
srowih and activities of the phytoplankion,

In recent years very minute organisms collectively known as picoplankton including
Chiorella nana, Micromonuas, Nannochioris, Dofichomasiix and Hitba have been
found to play a very important role in the biclegical productivity of oceans.

6.2.3  Special Habitats

Alzae are also found in special habitats wlere environmental conditions are in
extreme,

Brines and Salt Lakes

[ntand lakes like Sambhar Salt Lake in Rajasthan contam sodium chloride and other
salls in  saturating concentrations (brines). One can see in them thick floating blue-
green scums of permanenily growing cyanobacteria Anahaena, Anubuenopsis and
unicellular green alga Dunafiella. The metabolism of these halophilic organisms is
active only at high salt concentration,

Thermal Regions

Among the lower Himalayas and other mountains (Himachal Pradesh, Bihar,
Crissa and Maharastra) are found hot water thermal springs wilh temperatures
ranging from 40° to 70°C which inhabit quite a number of algae, mainly
cyancbacleria, Mastigocladus lmminosus, Synechococens fividus, Osciflatoria and
Phormidium. Unlike in other algae, the growth and mctabolism of the thermal algae
are most active only at high temperaiures.

Polar Regions

Algae can also grow under extremely cold climale conditions that prevail at Arctic
and Antarctic regions. Among cyanobacteria-Nosfoc s most common, besides
Schizothrix, Osciflatoria, Lyngbya, Phormidivm and Stigonema. Lichens with algal
symbionts (Coffema) are of common occurrence. Cyanobacteria and lichens grow
and fix nitrogen under polar condilions. Indian expeditions to Antarctic have
collected several types of algae mostly diatoms and cyanobacteria,

On permanent snow fietds where the surface is stable atleast for a few weeks,
abundant growth of algac is found giving red. brown or vellow colour to the snow,
Red snow is caused by green algae Chlamydamonas nivalis and C. flavo-virens.

SAQ6.1

a) Tick mark the correct answer in the following:

i) Most of the fresh water algae belong 1o the Division

1) Cyanophyla
2) Chlorophyta
3) Phaeophyta
4} Rhodophyta

i) Which of the following algae is found in the rice fields?
1) Sargassum
2) Porphyru
3) Aulosira
4y Ulva

b) Which group of alzae are found in deep sea waters and why?
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d) In the following sentences fill in the blank spaces with appropriate words.

i) - The algae that cause permanent blooms in temple ranks and lakes
belong to the Division ....coooovniii

(1) J PP form the main bulk of marine phytoplanktons.
iii) The colour of Red Sea water 1300 |1 [ TR

iv) The name of Sargasso Sea is due to floating of huge islands of

6.3 SOIL AND SUBAERIAL ALGAE

6.3.1 Soil Algae

Surface layers of soils all over Lhe world provide a favourable substratum when
wet for the growtlt of several types of algae. Terrestrial algae play a major role as
primary colonizers on newly exposed areas and help in the establishment of other
plants in the accumulation of humus. After the destruction of all life by the
eruption of a volcano on the island of Krakatoa in 1883, the first organisms that
appeared were cyanobacteria like Anabaena, Tolypothrix, Symploca and Lyngbya.

Soil algae grow profusely on damp or moist soil, although many of them can
withstand prolonged and severe dry conditions. Many cyanobacteria (Nostoc,
Cylindrospermum,  Porphyrosiphon, Scytonema, Tolypothrix, Stigonema,
Aphanocapsa, Lyngbya, Phormidium) green algae (Oedogonium, Qedaciadium,
Uronema, and other algae (Botryditm, Vaucheria, diatoms) grow on the surface of
the soil, which is temporarily moist at least for brief time during the scasons. They
form a crust over the surface of the soil, particularly cyanobacteria which have
mucilagenous sheaths and prevent erosion of the top soil.

6.3.2 Subacrial Algae

Subaerial algae obtain their water from the moisture in air and grow if moisture is
available. They are capable of enduring drought like the soil algae. In our country
one can see dark brown patches, sometimes with a velvety carpet like cushions
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covering extensively the exposed surfaces of buildings, walls, terraces, asbestos
roofs, rock surfaces,and also (ree trunks. Ancient archeclogical monuments, temples
and in fact, any lime coaled or lime plastered surfaces form excellent habitat for the
growth of cyanobacterial cushions on which seeds of higher plants colonize and
ultimately bring out ruin and destruction of the structures. The algal growth is
mainly cyanobacterial in nature consisting of Chroococcus, Myxosarcing, ’
Scytorema. Tolypothrix, Lyngbya, Porplyrosiphon, Synechococcus. All forms
show thick layers of mucilagendus sheath deep brown in colour. Bark of many tree
trunks also harbours not only the above algae but also a few green algae like
Trentepohiia, Physolimun (orange wits) and Clhlorococcim.

6.4 ALGAL ASSOCIATIONS

Algae live associated with other plants and inside animals as described below.

6.4.1 Algal -Plant Associations

Algae are known to be associated with other plants. some as epiphytes attached
to the outer surface and some inside the tissues as endophytes. Epiphytes are
common in all the groups of aquatic algac. One interesting case is a green
endophytic alga Cephalenros which grows just below the culicle of leaves of tea
(red rust disease of tea) coffce, mango, guava and other fiuit bearing trees, as rusty
red coloured patches,

Another endophylic alga Chiorochyirium is found in the intercellular spaces
of water plants Lemmna, Ceratophytium and Elodea. Coleochaete nitellarum
occurs inside the cuticle of another alga Nitella. Several species of brown algae
Ectocarpus  and Sphacelaria grow as endophytes in larger kelps - Lanrinaria and
Cystoseira.

6.4.2 Algal-Animal Associations

There are number of instances where algae are found growing inside the animals
(endozoic). Green alga Chilorella is found inside the unicellular Paramaecium, in
the tentacles of Hydra and in sponges. In marine habitats, sea anemones, and
some corals contain unicellular algae-zooxanthellaé (Cryptophyta) and also some
Dinophyta members. Plagymonas (green alga) is found inside a marine worm
Convohirra. Tnunit | you learnt that recently discovered prokaryotic alga Prochioron
didenmni (which contains chlorophyll & also) exists as a symbiont in the 'gut of sea
squirts.

6.4.3 Algal -Symbiotic Associations

When an alga lives in close association with a nan-pholosynthetic organism {fungus
or an animal), because of its ability to fix carbon photosynthetically some of the
carbon fixation products like sugars may be absorbed by the nonphotosynthetic
host, while the alga in turn may get some sort of protection. This kind of
mutually beneficial association is known as symbiosis. Where the alga is also a
nitrogen-fixer as in some cyanobacteria, nitrogenous compounds are also
available to the host organism along with carbon compounds.

Several cyancbacteria and also some green algae occur in symbiotic association with
fungi as distinct group known as lichens (refer to Block 2, Unit 12, for more
information on lichens). Nitrogen-fixing cyanobacteria are found in symbiotic
association with photosynihetically active plants, bryophytes, pteridophytes,
gymnosperms and angiosperms (see table 6.2).



Fig. 6.1 : Detailed structure of Prochioron.

They are mostly found in intercellular spaces forming coralloid (calcarious) nodules
as in Cycas. Azolfa, awater forn has packets of dnubaena in the leaf cavities,
In the case of a marine diatom —Rhizosolenia (unicellular) , a single filament of
cyanobacterium Richefia intracellularis, probably a nilrogen-fixer is found. Such
intracellular existance lias been observed also in unicellular flagellate
Paulinia and  Queystis, where cyanobacteria-like bodies have been
discovered. Cyanophara (cryptophyte) also shows such cyanobacteria-like
intracellular inclusions, These are known as cyanelles and under electron
microscope they appear to have prokaryotic structure but without proper cell
walls.

Table 6.2 : Symbiotic Associations of Cyanobacteria with Plants and Animals.

Partner Organism Cyanobacleria
Fungi
ascomycetes in lichens Calothrix, Nostoc,

Scytonema, Stigonema

Bryophytes

Anthioceros Nuostoc, Anabaena
Blasia

Fcrns

Azolla Anabaena-azollae

Gymnosperms

Cyeas, Macro-amia Nostac
Angiosperms

Gunnerd Nostac

Protozoa

Cyanaphora paracdoxa, : various "cyanelles"

Gluncocystis, Panlinetia

As has been mentioned earlier that a prokaryotic alga Prochioron didemni exists as
a symbiont in the gut of sea squirts. (Thisalga as well as another

Alpal Nabitais and Distribution
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. Prochlorothrix Thollandica show prokaryotic structure like cyanobacteria in all

respects except that they contain chlorephyll b alse but no phycobilins).

In some phyteflagellates (green alga or ¢ryptomonad) cyanobacterial cells exist in
symbiotic association. "The host cell is called ¢yanonics, the cyancbacterial cell
cyanelles and the association is called syncyanaosis.

Intracellular existance of one alga inside another is also found in Dinophyta. The
unicellular, colourless alga Peridinium balticiun and Glenodinitm contain in their
cytoplasm a unicellular chrysophyte as an endosymbiont. In all the above cases it is
to be noted that the hest cell being colourtess depends on the photosynthetic
endosymbiont for organic carbon compounds.

An extreme case of symbiotic state is (he presence of chloroplasls {not complete
cells) in tissues of marine animals. A marine slug -Saccoglossa feeds on marine
green algae like Codium. The chloroplasts of the alga instead of being digested are
incorporated into the epithelial cells of the digestive tract of the animal. The
animal appears green in colour and the chloroplasts actively photosynthesize in
light like normal cells.

The existance today of such diverse symbiotic associations, specially (hose
instances where a colouriess eukaryotic cell is inhabited by a prokaryotic
cyanobacteria-like organism, strongly supports the assumption that the chloroplasts
of higher plants evolved from the ancestral cyanobacleria- like endosymbionts
(ref. unit L, section 1.6, p |8;-unit 2 section 2.2, p 36).

SAQ 6.2

In the following statements fill in the blank spaces with appropriate words,

)] The algae that are primary colonizers on volcanic seils belong to the
Division ...ooceeiiiieeenes

i) Thick layers of cyanobacteria on the soil prevent soil erosion because of
the presence of ..o

jii) Thealga ..oooovviiiiinieieen, lives inside Paramecinm.
iv) The existence of functicnal chloreplasts is cbserved in a marine
v) The cyanobacterial cells found in some phytoflagellates are called
¥i} The red rust of tea is due 10 an alga of Division ......coooeeiiint,
vii) Prochioron didemni exists as an endosymbiont in the gut
of

6.5 SUMMARY

In this unit you have learnt that
¢  Algae are distributed in all habitats on the surface of the earth wherever water
or water vapours and sunlight are reasonably available. They show astounding

ability to adapt themselves to the environmental conditions where they grow.

e  Green algae are found in fresh water bodies, polluted water, flowing rivers and
mountain streams. The flora varies according to seasens.

s Different regions of the sea show characteristic algal flora.



¢  Cyanobacteria and some algae can be found under extremely cold and hot Alzal labitats and Dlstribution

conditions. N
¢ Cyanobacteria, green algae, diatoms and some other algae grow on damp soil

if sunshine is available, Many of them can withstand prolonged desiccation.

Cyanobacleria play a major role as primary colonizer on newly exposed area,

Blue green and green algae are subaerial in habitat also.

e Certain algae live associated with plants as epiphytes or endophytes. Some of
them are parasitic in nature also,

e Algae are found growing inside animals, for example in Paramecium,
sponges, Hydra, sea anemaone, corals and marine worms.

s Cyanelles of cyanobacteria are observed in animals, plants and protists. This
observation along with the presence of functional chiloroplasts in marine animals
support the endosymbiont theory of evolution of chloroplasts.

6.6, TERMINAL QUESTIONS

1. Choose the correct answers:

a) . Common algae found in thermal springs belong to
i} Cyanophyta
ii) Phaecophyta
iii} Dinophyta
iv) Rhodophyta

b) Algae found in salt lakes belong to
i) Dinophyta
ii) Cyanophyta
iii) Rhodophyta

c) Ectocarpus, a brown alga is found in
i) opensea
ii) fresh water;
iii) litloral areas of sea.

2. Which of the following statements are true and which are false? Write T for
true and F for false in the given boxes.
a) - Kelps like Laminaria are found in west coast of [ndia. D
b} Cyanelles are symbiotic, eukaryotic algae. I:]
¢) Prochioron is a prokaryotic alga which contains -chlorophyil b, D
also. ‘
d) Microcystis forms water-blooms in the sea. I:’
3. Prepare a list of fresh water and marine algae.
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6.7 ANSWERS

Secll-assessment Questions

6.1 a) i) | and2
iy 3
b) Mostly red-algae because they contain red pigment-phycoerythrin that
absorbs blue wavelength of light available in deep waters of 1he sea.
c) Gelidiella
Gracilaria
d} 1) Cyanophyta
ii} Diatoms
i) Trichodesminm
iv) Sargassum
v) MNastoc
vi) C.anivalis and C. flavu-virens
vii) seaweed

6.2 ay i} Cyanophyla
ii) mucilagenous sheath
i}y Chlorella
iv) slug
v) cyanclle
vi) Chlorophyta
vii} sea squirts

Terminal Questions

1. (a) Cyanophyta, (b) Cyanophyta, {c) in littoral areas of sca.

2. (@F MF (T (dF
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Study Guide

7.2 Algae — A Nutritional Foed Source
7.3 Algae — A Source of Animal Feed
7.4 Use of Algae for Waste Water Trealment
7.5  Use of Alzae as Biofertilisers
7.6 Algae — A Source of Encrgy
7.7 Industrial Applications of Algae
: Phycocolloids
Diatomite
Pizgmenis
7.8  Medicinal Uses of Algae
7.9  Algal Companies
7.10 Harmful Effects of Algac
7.11' Summary
7.12 Terminal Questions
7.13  Answers.

7.1 INTRODUCTION

Some of you may wonder about the relevance of the previous four units. Why study
the structure and reproduction of different algae in detail? Biologisls explore nature
out of curiosity to obtain fundamental knowledge about different types of organisms.
However, this knowledge is oflen applicd to satisFy human needs.

In India algae, a fascinating group of organisms have not received much attention,
perhaps on account of the rich diversity of higher plants from which one can obtain
useful and interesting products in plenty. While in the maritime countries — Japan,
Taiwan, China and Hong Kong, sonie algae are part of the daily meal. There are
large industries in these countries for farming algae on commercial scale. These
countries also exporl various algal products.

The purpose of this unit is to introduce you to Lhe vasl potential of algac asa
source of human food, animal feed, biofertilisers and energy, and for various
pharmaceutical and otler uselul prouucts. 1t is high time that Indian industrialists
take interest in algae and produce various uscful producls for home and export
purposes. We wish and hope that some of you would take aclive interest in exploring
algae of your region and grow it on commercial scale.

Objectives
After going through this unit you should be able to:

s give examples to show that algae are cconemically important,
» list main edible algae and discuss their nutritional value,

e  discuss the commercial production and consumption of algal foods in various
countries, -

e suggest the use of algae in waste water treatment,
¢ suggest the use of algae as biofertiliser,

s give reasons for considering algae as a source of energy,
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Keips (brown algac) can
accumulale wding in
concentraiions 10,000
times preater than those
found in sea water.

Processed Cldorella
vulgarls E-25, is sold as
Momolaro E-25 in Japan,
This is the only cell walt
permeable Chiorelfa. Itis
sold in the form of granules
in packets each conteining

5g.
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¢ describe imponant algal products and their uses and
* discuss the negative role of algae,

Study Guide

You should consider this unit as important as others. Scveral generic and specific
names of cyanobacteria (blue-green algae) and algae are cited only for reference.
You are expected to remember only a few important ones, which we have discussed
in detail.

The economic importance of cyanobacteria, which have traditionally been grouped
with algae, is also included here. Please note that they are referred to as algae
instead of cyanobacleria. The foliowing genera are cyanobacteria.

Spirulinag Scenedesmus
Anabaena Calothriv
Nostoc Haplosiphon
Oscillatoria Westiella
Tolvpothrix Westielopsis
Aulosira Anabaenapsis
Cylindrospernmn

Mastigocladus

7.2 ALGAE - A NUTRITIONAL FOOD SOURCE

In order to fulfil the demand of growing global population, there is constant
search for new food sources. About 909% of the food is obtained from land.
Though aguaculture or farming of fresh \ater, brackish and seawater is almost as
ancient as agriculture, its potenlial has not been fully explored. Among marine
organisms - algae appear to be one of the promising food resources, Many of the
edible forms are quite rich in proteins, vitamins and minerals including iodine.
Algae synthesise some essential polyunsaturated fanty acids which are rarely
synthesised in higher plants or animals. Algae grow rapidly and their farming can
be carried out in fresh water, brackish water, and shallow coastal areas and also in
the open sea. Therefore, itis worthwhile to explore algae and algal products that
have potential fcod value.

The idea of including algae in human diet is relatively new in India but in maritime
countries algae and algal products are daily consumed along wilh ether food items.
The consumption of seaweed by coastal Japanese people dates back to 600 B.C. and
by Chinese sixth century A.D. About 160 species of algae are used as
commercially important food sources. Some of the major edible ones are given in
table 7.1.

Spirulina (Fig. 7.1) contains about 65% proteins and is also rich in carotenes. [t can
be grown in wastewater.It is mass cultured in Mexico, Taiwan and India. Because of
its high nutritive value it has been identified as a source of single cell protein (SCP),
as a suitable supplement to a vegetarian meal. It can be supplemented in the diet of
children to curb malnutrition prevalent in developing countries. The natives of
Mexico and Africa have long used it. So far, attempts to popularise it in India are not
successful due to different feod habits and tastes. However, it can be cultured and
exported as health food to earn foreign currency. At present, a few private and
govemment agencies are engaged in its commercial farming, The Central Food
Technological Research Institute, Mysore has developed technology to grow
Spirufina on large scale.

Another single cell, rapidly growing alga is Chlorelfa (Fig, 7.1). lthasa
potential food value as it is rich in proteins, lipids and contains many vitamins in
high concentration. Its nutritive value is almost equivalent to that of soybean
and spinach. InJapan, Taiwan and other South East Asian countries it is grown as
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" Caulerpa.

Chondrus

Sargassum

Chaetormorpha

Spirulina

Chlorella

a. .1 : Some edible algae.

Fi
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{/ndularia {brown algn) is used in
Japan for extracting an edible
product called Wakame.

Ulva lactuca (green alpa) known as
sca feltuce is ealen as salzd mainly
in Scotland,

The cdible seaweed of Indian
Coasls are:

Green Algac

Chaetomorpha
Caulerpa
Codium
Enteromorpha
Uiva

Red Alpae
Rhodymenia

Laurencia
Scanthophora

Brown algae

Padina

Turbinaria

Chnaospora

Hydrociathrus
. Sargassum

health food having ‘curc-all’ properties, Tatwan alone produces 1500 tons (dry
weight) annually. Afller harvesting the cells are washed and pigments are
extracted. The dried algal mass is ground and stored in powdered form. Efforts to
introduce Chlorella as a food supplement have not been fruitful in India as its
colour and taste are not quile acceptable.

Marine algal foods are both conventional and a delicacy in Japan, Korea, China,
Philippines and Thailand. Many species of algae such as Enteromorpha, Cauderpa,
Ulva lactuca, Gelidiella, Laurencia and Gracilaria are eaten raw as salad.
Gracilaria is used in preparing a tasty dessert. Ulva lactica and Gelidielia
ucerosa are cooked with other vegetables like spinach is cooked in India.

Among seaweed, one of the most important is Porp/iyra. 1t contains 30-35%
proteins, 40-45% carbohydrates and is rich in vitamins. The mature Porphyra is
harvested, dried and pressed into sheets. The sheets are toasted and cut into
pieces and eaten with rice, raw fish or some vegetables. They are also used for
flavouring soups and in “sushi’. In Japan Porplyra (called nori) farming is carried
out over 60,000 hectare area in sea by either placing concrete blocks on the sea
floor to enhance seaweed growth or on bamboo-cum-rope network or raft like
network of bamboos. In North Atlantic coast Palmaria called dulse and
Porphyra called laver are most widely used seaweed. In the Pacific countries and
Asia a great variety of seaweed are harvested while foraging the shore and are
consumed as focd.

Undularia is used in‘Japan for extracting an edible product called Vakaine.

Table 7.1: Saome examples of edible algac und the countrics where they are consumed,
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Examples Countries
Seaweed
Porplyra apan (as nori), China {as tsatsai & zicai) Korea (as kim and laver),
Philippincs, Britain
Laminaria Japan (as kombu}, China (laidaine). Korea, Philippines
Undularia Japan, Chino, Philippines
Lemancu Manipur. India (as nughec)
Enteromorpha Philippines
Pulmaria Conada, UK.
Chondrus crispus Canada, UK.
Microalgne
Spirufing Central America, Mexico, W. Affica (as dulice) US, lsrael, Taiwan,
Thailand
Pharmidium Mexico
Chroocoaceus Mexico
Nestac commue Mexice, Mongolia, China, Fiji. Ecuador
Nedule Mongalia, China, Peruvian Andes
Noverrucosum Thailand
Chiorella Japan, Mexico, U.8.. Taiwan, Germany
Prasiala China. Japan _
Spirogyra Bunnz, Thailand, India
Oedogonium Burma, Thailand, India
SAQ 7.1
a) Fill in the blank spaces with appropriate words.
i) Edible algae are important nutritional food source because they are
richin.................. 3 e and ............... including
ii) Spirnfinacontains ................ % proteins.
i) Algal farming can be done in fresh water, ................... waler, in
shallowand .................. .. S€d,
iv) Singlecellalga................ is sold as health food in Japan with
................... properties.



v) Spiruline canbe grownon ......oenes waler.
vi) The dried pressed sheetsof ............... are loasted and eaten with rice,
raw fish or vegerables.
vii} Algzae synthesize some .............. polyunsaturated falty acids.
b) Name three nutritionally important alzae that are commercially cultured.

7.3 ALGAE - A SOURCE OF ANIMAL FEED

As we have mentioned above Spirulina, Chiorella and many seaweed are
commercially cultured for human consumption because of their high nutritive
value. These can also be used directly as fodder for livestock or supplemented with
regular feed. During World War | when fodder was in short supply, seaweed were

Rhodomenia

i

Macrocystis

Sargassum
Fig. 7.2 Algite used as fodder,

tried as cattle feed and the quality of milk was found to be unaffected. Thereafter,
seaweed based stock feed factories were sct up in France, Norway, Denmark,

Germany and USA. According Lo some reports the milk of cows fed with seaweed
is rich in fat conlent than those fed on conventional fodder. The seaweed are used

A sl Do YWelfare

Seeweeds used for fodder

Rhodomenia
Lamingree
Alaria
fucus
Ascopliylitn
Muacrocystis
Sargassin

Microalgac used in pouliry.
fish, oyster. pravwwn. mallusc
raising industrics

Chiorellu
Scenedesnns
Spiriifina
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Sewage and

organic wastes

either directly as fodder for livestock or added in powdered form to the regular
feed of cattle, pigs, sheep, fish and pouliry. [n India Spirufina has been grown
on wastewater in Lucknow, Nagpur and Varanasi. Itis fed to fish, pouliry and
cattle. The aim is to improve health and productivity of the animals.

SAQ 7.2

Indicate whether the following statements are true or false. Write the letter T for
true and F for false in the given boxes.

i} Seaweed cannot be used for animal feed. D
i) Microalgae are used to feed fish and poultry. D
iii) Milk of cows fed with scaweed is rich in fat content, |:]
iv) In India Spirufing is grown on waste water. D

7.4 USE OF ALGAE FOR WASTE WATER
TREATMENT

Waste water from lavatories, bathrooms and kilchens of the houses contains large
amount of organic material and is generally known as sewage. Sewage is foul
smelling but rich in nutrients. If it is discharged inte ponds, lakes or rivers the
growlh of various iypes of bacteria and viruses is encouraged resulting in
epidemics of diseases like cholera, gasiro-enteritis, (yphoid, viral joundice elc. In
cities the amount of sewage produced is indeed very large. [t needs to be treated in
order to get rid of most of the organic matter and nutrients before the water is
reused or disposed of into a river or lake,

Sewage treatment involves broadly the following two stages:

In the first stage, diluted sewagc is allowed to decompose in the absence of air
(anaerobic digestion) by anacrobic micro-organisms. When it gels partially
digested and methane gas (biogas) is produced.

x

Alpac used Tor wasle waler
treatnent

Chiforelia
Spirufina
Sccavedesimis
Cldamydamonas
Osciffatoria

(
Algal cell
Dissolved suspessions
Organic. oxygen ——
> matter \/ Yv
Algal
Bacterial photosynthesis
oxidation
Organic —
sludges Carbon dioxide ~—Sunlight
ammonia phosphate
Continuously Mixed High Rate Pond W,

Fig- 7.3: The cycle for photosynthetic exygenation of waste walcr.

In the second stage the sludge is vigorously aerated with air or oxygen so that
complete oxidation may take place. This process can best be done economically
and profitably by-using algae. Some of the algae used are Chiorelle, Scenedesnus,
Chiamydomonas, Osciflatoria. In shallow ponds. cxposed 1o bright sunlight algae
grow profusely. During photosynthesis they produce oxygen that helps aerobic
microorganisms to breakdown organic matter completely. The water of oxidation



ponds can be safely used for horticultural or agricullural purposes. The algal biomass Al and Tuman Welfare

produced can be profitably used for olher purpuses like feed for cattle or pouliry.

Algae as Bioaccumulator of Toxic Pollutants,

[t has been observed that algae can accumulale as much as several thousand folds of
pesticides and toxic metals such as Zn, Hg, Cd, Cu, Pb prevalent in industrial
eflluents. Hence algae can be used for the trealment of industrial effluents o
remove loxic pollutants. The algal biomass thus oblained can be used for biogas
production instead of feeding 1o the animals.

SAQ 7.3

In the following statements fill in the blank spaces with appropriate words.

i) The main requirement of sewage digeslion is a good supply of .............

i) Algae can be used for waste water treatment lo replenish .................
used by the aerobic decomposers.

iii) . Conteminalion of drinking water with sewage can cause ..............ocoevve.

iv) The algal bicmass recovered alier the trealment of waste water can be fed
10 e

v) The algal biomass produced after treatment of industrial effluents can be
used for .............. production.

7.5 USE OF ALGAE AS BIOFERTILISER

With increasc in populalion, it has become necessary to increase the yield of crop
plants and this has resulted in large scale use of chemical fertilisers. 1t is onby
recently that people have realised the harmful elfects of such tertilisers on
environment particularly on the soil. Chemical fertilisers are produced in
factories from non-renewable sources like crude oil and natural gas, which may net
be available after some time when exhausted. Being soluble in waler much of the
fertiliser added to the crop is literally washed down by irrigation water er rain and
reaches the water resources like ponds, lakes and rivers. This brings aboul the
growth of algae and bacterin leading 10 severe water pollulion. Besides, such
undesirable side effects, chemical lertilisers affect the chemical and physical
properties of the soil so as to make it soon unfit for growing crops. Traditionally,
farmers use farmyard manure (FYM), produced froni agricultural wastes.
Although they are good as seil conditioner but are poor i nulrients. [n recent years,
a number of organic, nutrient-rich fertilisers of biological origin termed as
biofertilisers have become popular. Some of the algal biofenilisers that ave being
developed and used successlully in India and abroad are given below:

Seaweed

[n coastal arcas wlere seaweed are washed ashore, Ihey are collected and
composted like farmyard manure. Seaweed compost is rich in minerals like
potasgium, phosphate, sulphate and Irace elemenis, Scveral vegelable crops like
bhindi, brinjal, tapiaca, cucurbits: fruits like lemon: trees such as palm and papaya
are found to be benefited by this manure.

Extracts of seaweed {seaweed boiled in waler) have been found slimulatery for the
germnalion and seedling growth ol red gram, 1omato and other plants by Indian
workers. Such extracts are commercially available in some countries under the
name of Algifert (Norway) and SM3 (England). Similar water extracts of
commen cyanobacteria like Cyfincdrospernnem, Calothrix, Anabaena. Awlosira are
also found beneficial for the growth and yield of crop and vegelable plants. In India
palm 1eees are fertilised with Turbinuria. '
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Fig, 7.4: Scanning electron micrograph of Nostoc nmiscoria (A) and water-fern zofa (B}, some
leaves are partly cul open to reveal the eavities conluining nitrngen-fixing Anabacua
colonies,



Blue-green Algal Biofertilisers

Wherever sunlight and water are available, nitregen-fixing cyanobacleria can be
grown in summer in shallow puddles or metal pans. The thick mats that develop
within a week or soare dried and kept in bags. This is literally growing ones
own ferliliser during the summer season when the field is emply without the
crop. Such dry algal material is a rich source of nitrogen and phosphorus besides
several other important elements. Agricultural departments supply kits to the farmers
to grow their fertiliser. This is very popular in the rice growing areas of South India.

Nitrogen-fixing cyancbacteria are also directly added to the rice field paddies
immediately afterthe transplantation of rice seedlings. They multiply rapidly and
supply directly or by decay nitrogen and other nutrients to the rice plants.

Azollu

zolla is a water fern, very common in ponds all over India. In China, Vietnam and
sther South East Asian countries, it is grown and used as fertitiser and also as feed

for cattle and poultry.

4zolla contains symbiotic nitrogen-fixing cyanobacteria -Anabaena in the leaf
rockets and grows rapidly when inoculated in the rice fields. [t can also be grown
separately and composted, stored and added to crops when needed.

Reclamation of Usar Lands by Blue-green Algae

n our country large tracts of land is not fit for cultivation because of its high alkaline
:ondition (usar sails). The only organisms that can grow there profusely are blue-
rreen algae. During the rainy season bunds are constructed to retain the rain water
ind inoculated with nitrogen-fixing algae.. The algae rapidly grow and form (hick
nats adding a lot of organic matter and also lower the alkalinity. By repeating this
rocess for two or three seasons the quality of the soil improves and one can grow

rops like rice, wheat and sugar-cane.

Anabasna

Flg. 7.5: Algae used as blofertiliser.

Alpac and Human Wellare

Indizn Agriculral Research
Institule, New Delhi has
developed simple mcthad for
Indian tarmers (o grow their
algal biolertilizers.

Some of the important Nitrogen
-lizing cyanobacterin.

Anabaenn eryzae,
Nostoc commune,
Tolypothriv tennis,
Aulosira fertilissima,
Anabaenopsis arnoldis,
Calothrix confervicola
Haplosiphon,
Fritschieffa,
Mustigocladus,
Westiclla,
Westiallopsis

Azofla in Rice ficlds

The length of the time requited for
the develepment ol Azolla
depends upon various faclors such
as soll chemisiry, ploughing.
temperature, icradiance, water
availability, nature of inoculant
environmenltal and climatic
condilions. Afler the decay

of Azolla, the fixed

nitrogen becomes avoilable to the
crop. Successive Azollu

famiing in the same (ield results
in on increased soil conditioning.

In India Azelfa technology
suilnplc for small scale
farmiers has been perfecred
at Indian Rice Rescarch
Institute. Cuttack {Orissn).
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Algae that can be considered lor
the preduction of cnergy:

Spindina

Botryacoccus braunii
Sargasstm tenerrinim
Astromonas gracilis
Cllamydomonas
Dunaliefla.

Anabaena (tor hydrogen)

Glyeerol is the major phatosynthale
in Dunatieffa. This unicellular wall-
less halophytic alza is an ideal
crganism fer Ihe praduction ol
glvceral. 11 can be grown in e
arid zones of Rajasthan and
elsewhere, wheree highly saline
water is readily available. 1's
biemass is rich in prolcin and
{§-carotcne and can be used as
animal feed.

In Australia and [srael glycerol is
commercially produced from
Dunafielfa.

The strins ol algae considered
for hiydrogen produclion

Chiorella
Scenedesis
Snechococens
Microcystis
Osciflatoria
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SAQ 74

Name the algae involved in the following.

§] The algal-fern association used to enrich rice fields with nitrogen.
it} A blue-green alga used as biofertiliser.

i) The seawced used to fertilise palm trees in India,

iv) The type of algae used for enriching the soil with mincrals.

v) The algae grown to reduce the alkalinity of usar lands.

7.6 ALGAE - A SOURCE OF ENERGY

The fossil fuel reserves like coal, peat, crude oil products (hydrocarbons) and natural
zas on the carth are limited. At present, they are consumed at much faster rate
than before due 1o the rapid increase in industriatisation. Unfortunately, they are
non-renewable and it is estimated that they will soon be depleted. Therefore,

serious efforts are being made to find alternate renewable sources of energy.
Algae are identified as one such potential source.

Algal biomass is found quite suitable for use in biogas plants for producing methane
gas. It can be fermented in anaerobic digesters as sole subslrate or along with
sewage sludge. 1t has been shown that Spirufina when added to sewage sludge
doubles the preduction of methane. In Bhavnagar Sargassim tenerrimum has
been successfully used in biogas plants,

Algae synthesise the energy-rich molecules like long chain hydracarbons,
glycerol and lipids. When some algae are grown without nitrogen and silicon,
there is an increase in ihe synthesis of lipids. These energy rich chemicals can be
converted into petrol and diesel. Glycerol required in pharmaceutical industry is
produced by Astromonas gracilis, Chlamydomonas and Dunaliella.

Dunaliglia Boffyococcus

Fig. 7.6: Dunalicla safina and Bofryacoccus bralnii,



Although, glycerol is nota good liquid fuel as it is highly oxygenated, but it can
be converted to other liquid fuels like ethanol, butanol and propane-dic that can
be used as asubstitute for petrol. In Brazil ethanol is used in place. of petrol
and in USA it is added to gasoline and sold as gaschol.

Another potential alga is Botryococcus braunii which under saline conditions
produces long chain hydrocarbons including fatty acids. In Sumatra oil is extracted
from this alga.

The possibility of hydrogen production by cyanobacteria has drawn much attention,
because they can produce hydrogen in the presence of light exclusively in a nitrogen
free atmosphére. (ref. to LSE-05, Block 4, Unit 15, P. 12) Hydrogen along with air
isused in fuel cells to produce electricity without polluting the 'atmosphcre.

Another interesting possibility that has been successfully explored is the
sustained photo-production of ammonia from nitrate by cyanobacteria. This _
requires inhibition of enzyme glutamate synthetase. Consequently, the alga
produces ammonia at high rates with fairly high efficiency.

SAQ 7.5

Indicate whether the following statements are true or false. Write the letter T for true
and F false in the given boxes.

i) Long chain hydrocarbons and fatty acids are energy rich molecules. D
ii) Certain algae synthesise glycerol molecules. |:|
iii) Algal mass cannot be used in biogas plants. D

iv) Blue-green algae are being explored for the production of hydrogen f'uel.[:l

7.7 INDUSTRIAL APPLICATIONS OF ALGAE

A large number of algal products have proved to be of great commercial use.
The variety of compounds obtained from seaweed are discussed below:

7.71 Phycocolloids

Alginic acid, agar and carrageenans are high molecular weight pelysaccharides and
possess colloidal properties. They are the constituents of cell wall of mostly red and
brown seaweed. They are used as viscofers, emulsifiers and lubricants in food,
paper, textile, drug and caustic industries. Since there are no synthetic-substitutes or
non-algal sources to obtain them seaweed are of preat value.

Alginic Acid -

In the cell walt of alpae, alginic acid is present in the form of alginates- Na, K, Ca,
NH, salts of alginic acid. Since the sodium salt is soluble in water, the exlract:on
is done with sodium hydroxide. Alginates are used for wide variety of purposes
(Table 7.2). They are also used for making flame-proof fabrics and plastic articles.
This polymer can absorb large quantities of water, therefore, it is used as highly
absorbant gauze in internal operations to stop bleeding effectively. Owing to its
non-toxic and colloidal property it is used for making antibiotic capsules.

The uses of alginates are summarised below:

Algae and Human YWelfare

Phycocolloids

The colloids obtzined from algac
are called phycocolloids.

In cells polysaccharides are of
three types: structural {cefl

wall), exocellular mucilages and
intracellular reserves (starch). The
exocellular muciloges are made of
monosaccharide units which may
be sulphated. They are rich in
ribose and arabinase, Animals also
contain sulphated polysaccharides.
The presence of sulphate makes
these polysaccharides a good
thickening or gelling agents.

Coasts ol North and South
America, Ausualla, New Zealand
are rich in Macrocystis which
commercially harvested for alginic
and in North Atlantic, Ascophplium
is a source of alginates.
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Scaweed utilisation has gol a
boost since Uie establishment of
Marine Algal Rescarch Station al
Mandapam. near Rameswaram
and also due 1o Keen interest
taken by some of the coastal
Universitics. Most ol the natural
seosweed growing arcas are
located in Tamil Nadu coast,
Ramnad district, where villagers
found it profitable 1o collect and
sell seaweed 1o the local
induslries. in the Gull o Mannar
there are a number ol Islands
beering rich growth of scaweed
and today these places are used
far large scale cultivation. Agar
and Alginale are two imponant
products.

a) Agor production - Gracilaria
edulis and Gelidiclla acerosa.

by Alginate productian -
Sargasswm, Turbinaria.

"Due lo indiseriminale harvesling
year alter year, there is
tremendous depletion of naturally
growing seaweed and sa it is now
necessary la resort to cullivation
to providc conslant supply of
seawceed in quantity and quality.
Methods are now available for
miarine cultivation of Gracilaria
and Gelidieffa and village women
are being trained 10 undertake this
work for exira incomie.

Economically imporntant seaweed .~

in India:

Red algne

Gelidiella acerosa
Gracilaria edulis
G.corticata

G foliifera’
U.crassa

Hypriea misciformis
H. valentfae

H, parnosa’’
Sargassimy wightfl,

Alpgae comnionly used for the
extraction of alginic acid:

Macrocystis (giant kelp)
Ascophyitum

Lawninaria

Sargassum

Turbinaria.

These are abundant in coasial
Japan, Chile, Mexico and U.S.
Geltdiella accrosa is the principal
agor yielding alga in Indin.

Gracilario und Gelidium are
abundanl in coastal Japan, Chile,
Mexico and US. Gelidiella
acerosa is the principal agar
yielding olga in India.

38 .

Table 7.2:Uses of Alginates,

Purpose Items

Jams, jellies and sauces, cosmetics, textile and

Thickening Agents . .
gAS pharmaceutical industrics

Stabilisers lee creams, milk shakes and squashes

Emulsiliers For the preparation of painls and polishes

Surface coatng agents | For Mame proof fabrics, plastics

Absorbent - In surgical operations

Agar

The gelatinous substance agar, is well known for the solidification of culture media
in microbiology and tissue culture, 1t is a mixture of agarose and agaropectin and is
extracted from about 80 algal species of seaweed. The commonly used algae are
Gracilaria and Gelidium. Like alginic acid it is also used in the manufacture of
puddings, ice creams, jellys and soups. As stabilizer or emulsifier it is used in
cosmetics, leather and pharmaceutical indusiries. Because of its laxative property it
is used for the treatment of constipation.

Carrageenan

The main sources of carrageenan are Chondyrus crispus (commonly known as *lrish
Mess') and Enchetma spp. The polysaccharides in carrageenan are sulphated, Like
alginic acid and agar, it is used in dairy industry and in cosmetics, textile,
pharmaceutical, leather and brewing industries.

7.7.2 Diatomite

Diatoms have rigid silicified cell walls. The entire cell wall of a diatom is known
as frustule. The fossilised frustules of diatoms are commonly known as diatomite
or diatomaceous earth. They form sedimentary rocks and serve as bicgenic silica
sources. Due to low density, high porosity, large surface area, low abrasion
capacity and chemically inert nature, diatomite are used in industry. The uses of
diatomite are listed in the table below :

Table 7.3 : Uscs of Diatomite.

Purpose Uses
Filter For clcaring lubricating oils and aviation fucls, for refining sugor,
Insulator In boilers, fumaces, refrigerators, for making soundproal rooms.

[n scouring and polishing poivders like tooth powder, bleaching powder, plass

Abrasive cleaners, paints and varnishes.

Filler [n batlery boxes.

Inert Controller of burn and (riction in match heads and cigars, for packing explosive
substances materials,

Absormptive In handling and packoging ofIl'mzardous maierials,

Anticake In fentilizers
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7.7.3 Pigments

You know that one of the criteria for classifying algae is the presence of
photosynthetic pigments - chlorophylls, carotenes, xanthophyll and fucoxanthin that
impart distinct colours - red, blue, green. yellow, golden, brown etc., 1o them. These
pigments are extracled on cemmercial scale and are used for various purposcs,
Dunaliella and Spiruling are rich sources of P-carotene, the precursor, of
vitamin A. In comparison Lo other sources of B-carotene microalgae offer several
advantages. They require ashorl generation time for growth and can be grown
in sewage water. The amount of B-carotene in them is in high concenlration. We
would like to tell you that $-carolene has been identified as an anticancer drug.

B-carotene and other pigments (like xanthophylls, cantaxanthin and zeaxanthin) are
used as food colourant. For example [3-carotenc is used for colouring soft drinks
and margarine and cantaxanthin is used for colouring chicken skin, gold fish skin
and egg yolk.

Fig. 7.7 : Scanning clectren mierograph of » [ragment of dintomaceous earth showing the remnants
of silicified cell walls of fossil diatoms {Courtesy P. Dayanandan).

7.8 MEDICINAL USES OF ALGAE

Some algae show antibacterial, antiviral and antipyretic properties. They are used for
wound healing, treatment of heart discases, gout, goitre, hypertension, gall stone,
bowel movement, skin diseases and as vermifuge. The beneficial uses of algae in

© medicine are summarised in the table below:

Table 7.4 : Medicinal Uses of Algae

Used as Active Compound

antibiclic Chlorelin
{Cilareitn}

vermiluue Kainic Acid
(Digraea)

cough syrup Carrazeenan

anticoaaulant Agar

diagnostic tool in undersianding

the nfure ol seizure Kainig Acid

in cpilepsy.

anlicancer ' Decoction ol sonme
Seaweed

binding agent for Ficoidin imd agar.

miedicinal 1ablels -

7.9 ALGAL COMPANIES

The companies that have set up large scale industries to exploit algal potential fora.
range of products are: Dupont and Sohio (USA), Kirin Brewery and Dainipa (Japan),
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Some important algae which
impart odovr and Lasic to
waler:

Microcysiis
Anacystis
Chlamydomenas
Ceratitmn
Smedra
Symitra.
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Thapar Corporation (India}, Wesler Biotechnology Ltd. (Australia), Siam Algace
Company (Bangkok). The market value of algae is also given in the table. (This in
included in this unit in order to give you an idea of the algal products and the
market size. vou are not expected 1o memorise it).

‘Table 7.5: Varicly of Products Obtained from Algae, Their Approximinte Value and Mnrket Size.

Alpal Uses nnd Approx. Approx

producls examples value, S/Kg. market*

Radioactive Biochemical and

Isotopic labelled medical Rescarch ; > 1,000 Small

compounds

Phycobiliproleing Dingnoslics > 10,000 ' Small
Food colours > |00 Medium

Pharmaceuticals Anticancer Unknown ) Large
Antibiotics (very high) ) Large

f¥- Carotene Food supplement 500 Small
Foed colour 300 L Medium

Xanthophylls Chicken fecds 200-500 Mediunt
Fish leeds 1000 Medium

Vilamins Nawwral vitaming 10-50 Medium

Cand E

Health foods Supplcmenis 10-20 Medium o

large

Polysaccharides Viscolers, gums 5-10 Medium to
lon exchangers large

Bivalve leeds Anquaculture 20-100 Small

1-10 Large .

Soil inocula Conditioner, > 100 Unknown
Fertilisers : Unknown

Amino actds Proline, 5.50 Small
Arginine - 5.50 Small
Aspariale

Single cell Animal fecds 0.3-0.5 ' Large

Protein

Vegetable oils Toods 0.3-0.6 Large
Teeds

Marine oils Supplemenis 1-30 Small

Wasle treatment Municipal. | perkg nlgac
Industrial Larpe

Melhane. FI. Guneral uses 0.1-0.2 Large

liquid fuels

* Market sizes (8 miltiony: Small <510; Medium $10-100; Large =510,

710 HARMFUL EFFECTS OF ALGAE

From the previous sections you have become aware of several uses of algae. In this
last section we want ic draw your attention to the adverse effects of algae. You know
that rapid growth of algae in water reservoirs (algal blooms) teads to eutrophication,
The water reservoir is no more suilable for recreational — swimming, boating or
fishing activities. During cloudy weather algae deplete oxygen of the water and
suffocate the fish and other aquatic animals. [ish also die because they get choked
in mouth and gills when entangled in large masses of algal filaments,

Sometimes, you may have experienced strange odour and taste in your drinkinng
water supply. This could be due 1o certain algae which impart grassy, fishy, musty



or some other odour, and sweet or bitter taste to the water. The odour and taste Algae and Human Welfare

are because of metabolic and/or decomposition producls of algae. Only a few cells
of alga (of Division Chrysophyla} are sufficient to give bad taste and foul smell to
water. Similarly, if Synura, diatoms or blue-green algae get into the filters of water
supply, the filters get clogged and serious economic losses occur.

Some algae produce toxins which enter humans and animals directly or through food
chains, For exammple, a person can get poisoned on consumption of oysters or fish
that feed on toxic dinoflagellates. This algal toxin inhibils nerve transmission and
thus resulis in paralysis and even may cause death.

Ingestion of toxic algae with drinking waler or during swimming may cause gastric
problems, skin infections or respiratory disorders. The alga Profotheca causes
disease, protothecosis which manifests in ihe form of skin lesions, inflamination
around joints and defective leucocytes in humans.  Persons working with
diatomaceous earth suffer from algal sificosis. Arsenic poisoning is caused by the
excessive consumption of scaweed. Affecled persons suffer from skin rashes,
blistering and inflammation. Fresh water blue-green algae produce alkaloids which
are neurotoxins.

In Table 7.6 we have listed some medical problems and the causalive algae for
reference.

Some algae mostly belonging to genera Chiforella and Zoochiorella and some others
are parasitic to aquatic invertebrates such as Hydra,snails, sponges and mussels.

Algae are responsible for some plant diseases also. For exaniple the green alga
Cephalenros causes red rust of tea resulling in reduced yields.

Table 7.6:  Some Medical Preblems and Causative Algae

Mecdical problem

Causative Algae

- Dermalitis Lyngbya mfuscila
{skin inflammalion) Chiorelfa
Gaslric problem Anabaena
Osciflatoria
Respiratory disorders Chiarctla
Oscillaioria
Anabaena

Gymodiniun spp.

Neurological disorders

Pyradiniun, Prologonyatiax

Algal silicosis

Dialomaccous earth

Atsenic poisening

Excessive cansuniption ol seaweed

Allcrgens

Lynghyu major

Chilorelta
Oscillatoria
Anabacna

Control of Algal Nuisance

Chemical and biological methods can be used to control undesirable growth
of algae. Several algicides are known such as copper sulphate, quinones, phenols
and others that selectively kill algae. Algal growth can also be controlled by
introducing suitable crustaceans or fish fingerlings in the affected reservoir.
Certain viruses which kill blue-green and green algae are also useful for control.

SAQ 7.6
a) In the following stalement filf in the blank spaces with appropriate words.

) Alginates are present in the ............... ....of seaweed, They are extracted
byusing................. because sedium alginate is soluble in water.

ii} The colloids present in seaweed are called ..........ocovieeees

iii} Alginales are used for making ..........ocoeeeiiiin proof fabric and
......................... articles. .
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7.2

73

74

7.5

7.6

94

b

iii) brackish, open
v} Chioreila, cure-all
v) waste

vi) Porphyra

vii) essential

1) Spiruling
iy Chiorella

iii} Porphyra.

DF, iT, )T )T

i} oxygen

i) oxygen

iii) water-bomn diseases

iv) cattle

v) biogas

i) Anabaena - Azolla

ii) Nostoc/Anabaena, also see the list given in the margin
ity Turbinaria

iv) Seaweed

_ ¥) Blue-green algae.

iy T, i) T, iii) F, iv) T.

a)

b)

i} cells wall, NaOH
ii} phycocoiloids

tii) flame, plastic

iv) absorbant, bleeding
v} culture

vi) silicified

vii) scouring

viii) anticancer

ix) agar

X) carrageenan.

i) Vermifuge, ii)antibiotic, iii} cough remedy, iv) wound healing,



vi} heart diseases,  vi) hypertension, vii) gail sione,

viii) bowel movement, ix) skin diseases, X) goitre,

Xi) anticoagulantand xii) binding agent for medicinal tablets.
c) Elaborate the following points:

. i) Colonisation of water bodies

if) Change in the odour and taste of drinking water

iti) Diseases due Lo intake of toxic algae

iv) How algal toxins move into human and other animals

v) Parasitic algae

vi) Plant diseases.

Terminal Questions

1.

2.

3

4.

Hint: See the hieadlines of various sections and subseciions.

Refer to section 7.2. The most important are - Chlorelia, Porphyra, Ulva or
* Spiruling. You may mention some other algae familiar to you.

Refer to section 7.5

Hint: i) Enrich soil with nitrogen and potassium (blue-green algae
and seaweed)

it} Soil reclamation (blue-green algae).

Refer to subsection 7.7.1.

Algae and Humar; Wellare
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GLOSSARY

Acronematic : flagella with slender and smooih surface and ending in thin hair,
Agar : a gelatinous substance derived from certain red algac that is used in
preparing solid media for growing cells, tissues, or micro-organisms under sterile

conditions.

Akinete : a vegetative cell that becomes converted into thick-walled non-motile
resting spore; wall of the cell becomes wal! of spore.

Algin : a polysaccharide present in (he intercelluar spaces of some members of
Phaeophyta made of d-mannuronic and L - guluronic acids.

Alginate : general term for salts ol alginic acid.

Allophycocyanin : photosynthetically active biliprotein pigment of Division
Cyanophyta, Rhodophyta and Cryptophyta blue in colour,

Antheridium : sex organ that produces male gameles, consisting of single cell in
alzae and fungi and many cells with a sterile jackel in bryophytes and vascular
plants.

Antherozoid : motile (flagellated) maic gamete.

Aplanospore : a non-flagellated spore in which spore wall is not derived from vali
of its parent cell,

Benthic ; living on or attached to the botlem subslrales in aquatic ecosystem,’
especially marine environment.

Bloom : a dense growth of microscopic algae producing a noticeable
discolouration of the water.

Cazleareous : algae impregnated with lime.

Carboxysome : polygonal granule composed of ribulose bisphosphate
carboxylase enzyme, generally observed in cyanobacteria.

Carrageenan : a mucopolysaccharide in the wall of some red algae. sulphated
polymer of galactose. :

Carpagonium : a cell containing the egg in red algae (equivalent to an cogonium).
Chemotaxis ; motile response of a cell Lo chemical stimulus.

Chromatophore : plastid containing chlorophyll # and other pigments but not
chlorophyll b.

Chromatoplasm : the area in the cytoplasm centaining chromatophore.

Chrysolaminarin : a reserve polysaccharide composed of 8-1. 3 - linked polymer of
glucose,

Clone : apopulation of genetically identical cells, produced by asexual
reproduction.

Coccolith : a body composed of calcified scale, made up of calcium carbonate in
algal orzanisms called prymnesiophytes (relatives of the golden- brown algae)



Cocnobinm : a coiony of algal cell- i which the number of cells is fixed at the
time of formation and no further addition of cells occurs; usually the cells are
also in a distinctive arranzement.

Coenocyte : 2 mullinucleate cell.

Concecptacle : a cavity containing reproductive structures {in Frcus).

Coralline : frequently used to refer to calcareous algae.

Cyanophycean granules : proteinaceous food reserve occurring in granular form
in cells of blue- green algae.

Cyanelle : an endosymbiotic cyanobacterium functioning as a chloroplast in a
cukaryotic cell.

Diatomaceous carth : deposits composed largely of walls of fossil diatoms.
Dichotomously branched : repeated bifurcating pattern of branching,.

Diplobientic : having two free living morphelogical phases (zametophytic and
sporophytic) tn an alternation of gencrations.

Diplont : vegetalive body is diploid, hapleid phase is represented by gametes,
Encrusting : growing appressed to the substrate.

Endoplhyte : an alza growing inside another alga or plant.

Endosymbiont : a symbiont living within 1he cells of its host.

Endozoic : living within tissues of animal but not necessarily parasitic.
Epiphyte : an alga or a plant growing on other alga or plant.

Epizoic : growing anlached to cuter surface of animals.

Eyespot : red-coloured spot {stigina) sensilive to light,

Frond : leaf of a fern, also used for large algal thallus that appears like leaf of a
fern.

Fucoidin: a derivative of carbohydrate.
Fucoxauthin: a kind of carotenoid present in some algae

Gamone: chemical involved in affecting sexual union.

Gonidia: asexual reproduclive cells in FPofvox which produce daughter colonies,

Glaucophyte: a eukaryolic cell containing endosymbiotic cyanobacteria
(cyanelle).

Hair: elongate, non-pigmented cell or cells often tapering lo a pdint.
Haplobiontic : having only one vegelative phase (either haploid or diploid).

Haplont: vegetative body of the alga is haploid, diploid phase is represented by
zygote only. '

Hemicellulose : a complex polysaccharide compenent of plant cell walls.

Adwae amd Hencen Wellare
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Heterocyst : a highly differentiated cell in some filamentous blue-green algae that
is a site of nitrogen fixation.

Heteromorphic generation : vegetative phases in alternation of generations which
are distinctly different in form. :

Heterothallic : of the sexual reproduction of certain algae and fungi in which
reproduction can only take place between two genetically different thalli, they are
either male (+) or female (-).

Heterotrichous habit ; a filamentous thatlus showing differentiation into prostrate
branches (growing on the substrate) and erect branches.

Holdfast : a modified basal region of the body of an organism for attachment to the
substrate, may be multicellular or unicellular.

Homothallic : the sexual reproduction of certain algae and fungi in which a single
thallus produces different mating types on the same thallus to perform the sexual

functions so that the species is, in effect hermophrodite. Aiso called menoecicus.

Intertidal region : part of a shore exposed to the air during low-tide and
submerged during high tide.

Isogamy : sexual fusion between flagellated pametes which are morphologically
similar, usually of same size. '

Isomorphic generation :  vegetative phases in alternation of genecrations which
are similar in morphology.

Kelp: the common name for any of Lhe large brown algae.

Laminarin : a reserve polysaccharide found in brown algae composed of -1, 5-
linked polymers of glucose.

Leucosin (Chrysolaminarin) : a reserve polysaccharide composed of -1, 3-linked
polymers of glucose.

Lichen : symbiotic association of a fungus and an alga.
Littoral : the zone of a fresh water environment belween the water's edge and a

depth of about six metres. Zone of sea coast between the high and low tides. A
littoral species is the ene which lives primarily in the littoral zone.

Mannan : polymer of mannose (a monosaccharide).
Mannito! : a sugar alcohol found in brown algae.

Mastigoneme : a stiff, tubular hair found on some flagellates.

Medulla : the inner layer of a multicellular thallus composed of non- pigmented
cells which vusually function in storage.

Mitospore : spore formed after mitosis: may be haploid or diploid.
Mucopeplides : compounds made of carbohydrates and aminoe acids;
carbohydrates are N- acetyl glucosamine and N-acetyl muramic acid;
amine acids are glutamic acid, alanine, glycine, aspartic acid, lysine and

diaminopimelic acid.

Muramic acid : glucosamine derivative containing carbexyethyl group.



Oogamy : sexual fusion between a flagellated gamete {(sperm, antherozoid) and @
non-flagellaied gamete (egg).

Ostiole : opening or pore of conceptacle.

Palmella Stage : lemporarily non-motile sedentary stage in the life history of
certain motile algae; cells remain passive and embedded in gelatinous matrix.

Paramylon : the polysaccharide storage product that occurs in euglenoids, made
up of B-1,3-linked glucose units, and is similar to laminarin.

"Paraphysis : sterile filament borme near reproductive  structure; paraphysis is hair-
like and may be branched or unbranched.

Parasexual : organism showing genetic recombination not involving regular
alternation between karyogamy and meiosis.

Parietal ; positioned against inner wall of cell.

Pelagic: in the open sea. Floating or partial'y submerged in waters beyond the

.

continental shelf region, e.g. Sargassum, -

Parthenogenesis : pertaining to mode of development in which female gamete
germinates withouwt undergoing fertilization.

Pectin; a cell wall polymer made of B-l1,4 linked galacturonic acid :
residues with carboxy] groups esterified with methanol rhamnogalacturonan A
(thamnose and galactose) and arabinogalaclan (arabinose and galactose).

Pellicle : outer boundary membrane found in cells lacking cell wall; resembles but
is not equivalent-to firm cell wall.

Periplast : delicate protective covering of flagellates that [ack cell wall.

Periphysis ; sterile, branched or unbranched hair-like cells growing from
conceptacle.

Phycobilin ; water soluble pigment found in cyanobacteria, red algae and
cryptomonads, covalently linked to a protein Lo form a phycobiliprotein :
Phycocyanin (blue) Phycoerythrin (red).

Phycobilisome : granular structures on the outer surface of ihylakoids of
cyanobacteria and red algae composed of phycobiliproteins.

Phylogeny : evolutionary development ofspecies.

Pit connection : cytoplasmic sirand connecting two adjoining cells through pit in
their respective cell walls, as in red algae.

Plasmogamy : fusion of cytoplasmic materials of two cells usually associated with
fusion ofnuclear materials as in the formation of zygote.

Plurilocular - sporangm multicellular reproductive structure formed in brown
algae,

Polyphospliate granules : polymers of inorganic phosphate stored in algai cells,
accur in granular form.

Pyrenoid: a distinct structure in chloroplasts composed of ribulose bisphosphate
carboxylase, may be embedded in the chloroplast or protrudes from it, with
starch accumulated on the surface.

Algne and Human Welfure
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Red Tide: a bloom and/or dense concentration of phytoplankion. usually
dinoflagellates, yellow to red or brown i calow, often associated with toxins (hat
can kill fish and can cause illness or death in humans.

Rubisco : ribulose 1, 6, bisphosphate carboxylase, the enzyme responsible for the
fixation of carbon dioxide.

Seta :arigid extension from a cell.
Spermatium : 2 non-motile male gamete of red algae.
Stellate : star shaped.

Statospore: aresistant stage, formed by the members of Chrysophyta which is
surrounded by a siliceous wall. :

Thalloid: plant or alga that is not differentiated into roots, stem and leaves.
Thallus : the body of an alga lacking true root, stem and leaves.

Trichoblast : a series ol non-pigmented cells forming a tapertng branch or hair in
red algae.

Trichogyne : the extension of a carpogonivm to which spermatia altach in red
algae.

Trichome : in cyanobacteria a row of cells composing a filament, without a
mucilaginous sheath.

Unilocular sporangia : a unicellular sporangium in which meiosis occurs, in brown
algae. '

Uniseriate : having cells arranged in a single row or series.

Upwelling : movement of deeper water, often rich in nutrient, to the surface.
Xylan : polymer of xylose (monosaccharide).

Zoospore : a flagellated spore (for asexual reproduction).

Zooxanthella : symbiotic dinoflageliate found in the cells of cnidarians and other
invertebraies.

Zygospore : a thick-walled zygote.



UGBY -01
Ralarshi Tandon e universty PLANT DIVERSITY - 1

Block

2

FUNGI

UNIT 8
Fungal Habitais and Morphology

UNIT 9

Comparative Account of Reproduction in Fungi

UNIT 10

Fungal Diseases

43

UNIT 11

Role of Fungi in Human Welfare

59

UNIT 12

T.ichens

71




BLOCK 2 FUNGI

Fungi are an important group of non-chlorophyllous, heterotrophic, eukaryotic or-
ganisms that were once thouglt to be a kind of plant that bad lost plastids during the
course of evolution. In Unit 2 you have leamnt that fungi are not included in plants
because they differ in origin, organisation and are adapted to an absorptive mode of
nutrition. Animals are characterised by ingeslive nutrition and plants are photosyn-
thetic. Therefore now they are grouped in a separate Kingdom Fungi.

Fungi live as saprophytes, parasites or in symbiotic association with other plants and
animals, As saprophytes Lhey break down organic matter into simple form necessary
for the survival of planis. On the other hand, parasitic fungi such as rust, smut and
red rot cause severe diseases in plants and wipe off crops completely leading to
famine. In symbiotic association they live with photosynthetic algae as lichens and as
mycorrhiza with the roots of higher plants. So we find that fungi are a very important
group of organisms and therefore they must be studied in detail.

Since ancient times man has used fungi o makedairy products and aicoholic bever-
ages. The discovery by Louis Pasteur of yeast as the causative agent of alcohol fer-
mentation greatly helped our undersianding of the mechanism of respiration, recog-
nition of enzymes and laid the foundation of modern biochemisiry. Today large
scale preduction of organic chemicals- citric acid, lactic acid. glutamic acid; antibi-
otics- penicillin, cephalosporin; industrial enzymes -diastase, pectinase, cellulase;
compounds of medicinal importance-ergot alkaloids and many steroids involve use
of many tungi like Aspergillus, Penicillinm, Mucor, Claviceps, Cephalosporium,
Trichodermea and others, Well-known plant growth regulator gibberellin was origi-
nally discovered as a fungal product of Gibberefla fujikurei. which parasite on rice
plant.

Study of fungi and their biology has greatly helped 1o undersland many basic prab-
lems in life sciences. The work of Beadle and Tatum on Newrospora led to the dis-
covery of how genes (DNA) determine the siructure and production of enzymes gen-
erally known as ‘one gene-one enzyme' hypothesis.

Detailed investigation of the life cycle of parasitic fungi like Prccinia by K.C. Mehta
in India helped farmers to save the wheat crop [rom the destruclive rust disease.

[n a tropical country like India because of excessive moisture, cereals, pulses,
aroundnuls and other materials used as food get contaminated with a very common
fungus. Aspergilins flavus. It produces a powerful toxin called aflaloxin. While some
mushrooms are cdible others may be poisonous to humans.

The mycorrhizal association of fungi with roots of fruit trees and those that inhabit
barren soil help the roots to absorb more phosphate by solubilizing the insoluble
phosphate minerals present in the soil. The soil fungi play an important role in the
decomposition of vegelable and animal organic marter by helping in recycling of
carbon, nitrogen and other elements in nature,

In this block we will discuss various aspects of fungi. There are 5 unirts, 8 to 12.

In Unit &, you will learn about the habitats, range of morphological forms of fungi
and fine structure of fungal hypha. Unit 9 describes the general methods of repro-
duction in fungi and reproduction in some representative saprophytic and parasitic
fungal genera. Some importam fungal diseases of crop plants are discussed in Unit
10. [ the following Unit 11,we discuss the economic importance of fungi. A brief
account of symbiotic association of algae and fungi in lichens is included in Unit 12
10 complete the picture of the domain of fungi.

Objectives
el surflying this bleck you should be able to:

» distinguish fungi from cther group of organisms,
s describe the general morphological features and habitats of fungi and discuss the
range of forms found in fungi,



describe various types of reproduction in fungi,

discuss the prevalent fungal diseases in crop plants,

discuss the positive and negative roles of fungi in human life and

explain the symbiotic relationship of fungi with green alga or cyancuacteria in
lichens.
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8.1 INTRODUCTION

You are probably familiar with yeast, bread mould, rust, smut and mushrooms. They
all are members of the fungal kingdom. Fungi exhibil a range of siructures: unicellu-
lar, plasmodium like filamentous and pseudoparenchymatous. However, the differ-
ent forms show common cellular, physiological and biochemical characteristics. [n
this unit, you will study these forms in some delail.

Objectives
After studying Lhis unit you should be able to:

+ describe the habit and habitats of fungi,

e distinguish fungi from other groups of organisms on the basis of morphological
features,

e describe the range of morpholegical forms in fungi,

* discuss the mode of nutrition and growth in fungi, and

o  jllusirate the fine structure of fungi with the help of a suilablg example.

8.2 FUNGAL HABITATS

Fungi are very abundant and widespread in nature. They can virtually exploit any
habitat en earth because of their ability 10 utilise any substrate that contains traces of
organic compounds. Fungal spores are found in soil, water and air. They grow even
in harsh environmental conditions such as in hot deserts, on cold mountains, on rocks
and anywhere on living and dead organisms. Fungi digest the organic material and
release the nutrients. For example, fungi release carbon, nitrogen and phosphorus
when they digest dead plants and animals. In water, moulds are found on dead float-
ing fish. You may have noticed them growing on paint, leather, lumber, cloth and
even on glass lenses.

As parasites they grow inside the plant and animat bodies and cause diseases.

Normally fungi grow between 0° 10 30° C with an optimum temperature range of 20°
to 30° C. Many fungi tolerate low temperature of 5° 10 6° C even below freezing.
You may have observed oranges rotting in the fridge. This is because of infection of
green mould that can grow at such low temperature. Some fungi can survive tem-
perature as high as 50° C. Fungi can tolerate highly hypertonic medium. For exam-
ple, they can grow on jelly.

In contrast to bacteria, fungi prefer an acidic medium for growth. A pH of around 6 is
optimum for most nf the fungi investigated.

8.3 NUTRITION AND GROWTH IN FUNGI

Fungi have no chlorophyll and hence they adopt heterotrophic mode of nutrition.
They live as saprophytes, parasites or symbionts.
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Ileterotrophic
Orzanisms which fulfil
their nutritional require-
menits by organic sub-
stances.

[n some fungi the 1olal prowth
of hyphae may exceed
1 km/day.

Saprophytic fungi secure their nourishment from organic substrates present in their
surroundings. They first digest it by extracellular secretion of hydrolytic enzymes
and then absorb it. For instance, bread mould secreles amylase for digesting starch in
the bread io glucose, which can readily be transported across the plasma membrane
of the mycelium, However, cellular slime moulds take food by phagocytosis rather
than by absorption.

Many fungi live as parasites on plants, animals and humans. Like animal parasites,
parasitic fungi are either ectoparasites or endoparasites. You may know that ecto-
parasites remain on the surface of the host. In ectoparasitic fungi, the mycelia spread
on the surface of the host and atlach themselves to it through special organs called
appressorium. A minute infection peg grows from the appressorium and penetrates
the epidermal cell of the host tissue for obtaining nourishment. In endoparasitic
fungi the mycelium ramifies within the host tissue. The intracellular abscrption of
food from the host is carried out by haustoria. Some parasitic fungi utilise two hosts
for completing their life cycle, e.g. Puccinia graminis about which you will learn in
the next unit.

Fungi may be facultative or obligate parasites. The facultalive parasites are those
which become parasitic under certain stress conditions, while cbligate parasites
maintain a parasitic mode (hroughout their life.

Symbiotic fungi live in intimate mutually beneficial relatienship with other organ-
isms, often a plant. In close association with algae, fungi form a composite organ-
ism, the lichens. Anclher association of fungi commonly oceurring in the roots of
angiosperms and gymnospermns is called mycorrhiza. Like parasitic fungi in this
association alsc the fungal hyphae may traverse the intercellular spaces penetrating
many of the living cortical cells {endolrophic) or the hyphae may occur largely in the
coriex and remain connecled with well-developed external mycelium (ectotrophic).

Some fungi also grow on the surface i nigher plants without causing noticeable
damage.

Although light is not required for the growth of fungi, in many species some light is
essential for sporulation and spore dispersal.

Fungi grow entirely by apical growth of the hyphae. The extreme apex of the hyphae,
of about 0.5um tip length shows appreciable growth. The cytoplasmic streaming is
unidirectional towards the tip, which is the site of active differentiation and nuclear
division. The part of the hyphae behind the tip is incapable of differentiation. In the
cultures it is observed that the nature of colonies is circular and the hyphae grow to-
wards the periphery away from the centre. This is because the hyphae arc negatively
chemotrophic to their own staled preducts.

The rate of growth of mycelium varies in different fungi. The species of Mucor are
amongst the most rapid growers,

84 FUNGAL MORPHOLOGY

First have a good look at Fig. 8.1 showing some common but morphologically dif-
ferent fungi. The baker's yeast is a unicellular fungus. It is very minute in size and
looks like a pinhead under the light microscope. Most fungi are microscopic but sev-
eral grow very large, For example, mushrooms, morels and puffballs can be seen
with unaided eyes. Under the microscope, a slime mould looks like a protozoan with
a naked amoeboid mass of protoplasm. Bread mould {Mucor), pink mould (Veuros-
pord) and green mould (Penicillium) show branched filaments. Whereas mushrooms,
morels and puffballs are the fruiting bodies formed by close packing of several in-
terwoven filaments. When conditions are suitable the fruiting bodies develop from
the mycelium which otherwise grows beneath the surface of the ground. A mush-
room consists of an umbrella-like cap and a stalk or stipe.
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Substrate
(bread)-

Saccharomyces cerevisiae
( Yeast}

Rhizopus stolonifer
( A common bread mold)

Neurospora

Lycoperdan .
Agaricus

{A morel, ( Puffbali } { Button mushroom )

Guchi)

Fig. 8.1: Some common fungi.

The reproductive structures in fungi are formed from vegetative structures and ex-

hibit a variety of forms on the basis of which fungi are classified. In Unit 2 you

learnt that fungi are classified into seven divisions (ref. to Block 1A, Page 32). A

few members of these divisions are Jisted below. 7



Funm

Division Examples
Myxaomycoia - Physarum, Diciyostelium discoideum
Oomycota - Pythium, Phytopthora, Albugo
" Chytridiomyota - Olpidium
Zvgomycola - Mucor, Rhizapus
Ascomycota Aspergillus, Penicillium, Newrospora, Saccharomyces
cervisiae (yeast), Morchella sp. (morels), Truffels
Basidiomycota - Agaricus, Claviceps, Ustilago, Puccinia
Deuteromycota - Cladosporium, Sporothrix

In the preceding account you will sludy the range of forms in fungi.

8.4.1 Unicellular Forms

Y east

The fungi are unicellular. often muliticellular or acellular eukaryotic organisms. The
most common uniczllular fungi are yeasts, which are of wide occurrence. Yeast is
found on the sticky sugary surface of ripe fruit and grows in any sugar solution. The
individual cells adhere 1o one another forming a chain. Single cells are hyaline but
the colonies appear greenish or brownish in colour. The fine structure of a yeast cell
as shown in Fig. 8.2 a, is of the eukaryotic type. It has a well-defined nucleus, mito-
chondria. endoplasmic reticulum and other organelles. Close 1o the nucleus, a large
area of cytoplasm is occupied by vacuole. The celi wall of yeast has 2-3 layers made
of chitin and polysaccharides - glucan and mannans. Depending upon the stage of
development variable amounts of proteins, lipids and other substances are found ac-
cumulated in the cell,

Yeasts are distributed well over the surface of earth. They are abundant on subsirates
that contain sugars, like the neclar of flowers and surface of fruits, They are also
found in soil. animal excreta, milk and on the vegelative parts of plants and also in
some other habiats.

It is thought that the unicellular condilion of yeast, developed in sugar solutions is
quite unique. This condition is not seen elsewhere in fungi. However, a yeast-like
condition is also observed when a certain species of Mucor is grown in high glucose
solution. Similarly, the spores of smul also divide continuously like yeast if placed in
nutrient agar medium.

Cell wall

Cell membrane
_ Zoospore

FFungal cell
(parasiic)

Algal cell (host)

Olpidint in algal ecll

Soccharumyces

b
a

Fig, 8.2: a) Vhe fine structore of yeast, b) a chitrid, Ofpidium.



Yeasts are noted particularly for their abilily to utilise carbohydrates, hence the name
Saccharomyceles is applied 1o this group.

Another unicellular fungus is Olpidium (Fig.8.2 b), the simpleslt chytrid, which is a
simple globular cell without branches.

Slime Moulds

Unicellular forms are also seen in slime moulds during a certain stage of their life
cycle (Fig. 8.3). You must remember that slime moulds are not considered true fungi.
Their characteristics resemble both prolozea and fungi. That is why it has been difTi-
cult to classify them, These curious organisms show unicellular (multinucleate) pro-
tozowr-like or multicellular fungus-like stages during the course of their life

cycle.

Slime moulds are further classified as cellular slime moulds and plasmodial slime
moulds.

Cellular Type

In the vegetative stage Dicivosielitm discoidennt, a cellular slime mould is small.
independent. uninucleale haptoid cell called myxamoeba (Fig. 8.3 a}. Like amoeba.
it feeds on bacteria by phagocytosis and multiplies by binary fission. At a later stage
the individual myxamoebae come together and form a single multinucleate slug but
the individual myxamoebae retain their intact cell membranes (Fig. 8.3 b e). This
streclure is called pseudoplasmodium.

[n the reproduclive stage, sporangia-bearing spores are formed like in true fungi (Fig.
8.5 f1o h). Each spore germinates to form an amoeba like structure (Fig. 8.3 i).

Migration stage
(slug)

—Fruiting body

Aggregated
amoecbae

Cellular
pseudoplasmodi

1 L%
&,
%0 \
um

¢ % Aggregating

amocbae

Fig. 8.3: Lifc cycle of a cellular slime mould, Dictyosteliuns disceideim.

/ Amoeba-like
slage

Fungal Tlabitals and
Morphulopy

Phagocylosis

The process in which a cell Mlows
around particies in ils surroundings
and takes them into the cyloplasm.
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iost slime moulds live in
ceal, shady, moist places
in the woods, on decaying
lops, dead leaves. or other
organic matler which holds
abundant moisture.

Plasmodial Type

[n plasmodial slime moulds, for example Echinostefinm mimutum, in the vegerative
stage, a large mass of multinucleate amoeboid cytoplasm with characteristic diploid
nuclei is formed (Fig. 8.4 ). But unlike cellular slime moulds, the individual cells are
not delimited by cell membrane. The cell wall is absent. It feeds on encysted myx-
amoebae and bacteria and may spread over a large area. The plasmodium does not
have a definite size or shape. It may be globose, flat and sheet-like spreading over a
large area in the form of a very thin network (Fig.8.4 b). When the plasmodium
creeps over the surface of the substratum, it changes its shape accordingly and en-
gulfs particies of food on its way. Finally, it matures and changes into the fructifica-
tion typical of the species (Fig. 8.4 ¢ and d). The entire plasmodium takes part in the
formation of [ructifications, which bear spores resulting from meiosis. The spores
germinate 1o produce flagellated ceils which develop into plasmodium (myxarmoeba
,Fig. 8.4 eto i).

Slime mould plasmeodia are often brilliantly coleured ranging from colourless 1o
shiny grey, black, viole, blue, green, yellow, orange and red. The yellow and the
white plasmodia are probably the most commonly encéuntered. Colour changes
have been observed to occur within a plasmodium under laboratory conditions.

Germinating
spore

Myxamoeba
Celi division

Diplophase
Llaplophase

Fruiting body

Multinucleate young
plasmodium

Zygote
8 {Karyogamy}
Fig.8.4: Life cyele of a plasmadial slime mould. Echinostelium minutum

Studies on the formation and structure of plasmodia of Physarum polycephalum
show that the protoplasm of plasmodium is apparently structure-less with granules,
vacuoles and various other bodies embedded in it. The streaming of the protoplasm
in the plasmodium is a fascinating process to watch under the microscope. The
streaming of protoplasm is related to the presence of a contractile protetn called
myxomyosin found to be present in the plasmodium.
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8.4.2 Filamentous Forms
Morphology

Most fungi are filamentous, You may have noticed on a picce of stale bread a web of
very fine and delicate threads. These are formed when a fungal spore lands on the
bread and germinates into a small tube-like outgrowth, which further grows as trans-
parenl, wbular filaments in all directions. Each of these filaments is called hypha,
the basic unit of fungal body. The mass of interwoven hyphae constituting the body
of a fungus is called mycelium (Fig. 8.1). it may consist of highly dispersed hyphae,
or it may be a cotlony mass of hyphae. The aerial hyphae that bear reproductive
structures are called reproductive hyphae. The fugal mycelium has an enormous sur-
face to volume ratio and is close 10 the food source. This large surface-to- volume
ralio is a marvellous adaptation for absorptive mode of nutrition,

The mycelium of fungi is covered with a cell wall made of chilin, a polysaccharide that
is also found in the exoskeleton of insects and crusiaceans. However, in some fungi the
cell wali contains cellulose and lignin-like substances, The protoplasm of mycelium
may be continuous throughcut the mycelium so there will be several nuclei scattered
throughout the cytoplasm. This condition is termed as coenocytic (Fig. 8.5 a). Such
non-seplate hyphae are observed in the members of the Division Zygomycetes ¢. g.
Mucor and Rhizopus. The sepla or cross walls in the non-septate mycelia are formed
only to cut off reproductive structures or to seal off a damaged portion. Such septa are
solid plates without any pores.

The members of other classes of fungi like Ascomycetes and Basidiomycetes ey,
Aspergillus and Peniciflium develop internal cross walls i.e., septa, which divide the
hyphae into segments. The septa appear at regular intervals. The segments may be
uninucleate or muitinucleate. .

The septa. in these cases have perforations (hrough which cytoplasmic strands in-
cluding nuclei can migrate from one celi to the other (Fig. 8.5 b). The presence of
sepla gives mechanical support to the hyphae. The reproductive structures are also
separated from vegetative struclures by sepla but these are not perforaled.

Non-septate hypha b

Fig.8.5: Typical septate and uen-scptate hyphae of funpi.

In some groups of fungi the mycelium formed on germination of spores consists of
uninucleate segments (monckaryotic) initially. This is called primary mycelium.
Later when fusion occurs either benwveen hyphal segments of the same mycelium or
different mycelium, the segments contain two nuctei (dikaryotic). This conversion is
calied dikaryotisation and the mycelium is called secondary mycelium. This stage
may last for a Jong peried. When this mycelium gels organised into a specialised
structure, it is termed tertiary mycelium.

The division of dikaryotic hyphal segments is quite uutque in Basdiomycetes. The
binucleale terminal segment develops a short lateral outgrowth. It extends and takes
the form of a hook and fuses with the adjacent segment. This is called a clamp - 11
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connectien (Fig, 8.6 a to c). Subsequently, the two nuclei divide simultaneously.
Now cne of the nuclei migrates in. This is follewed by the formation of a septum at
the origin of the clamp and another in the hyphal segment so0 as to form a new di
karyotic scgment containing twvo nuclei (Fig. 8.6 dw f).

A

a e
. ;

a b €

o

o . :

o o

] d g

d c )

I'ig. 8.6: Division of a dikaryotic hyphal scement by the fermation of a clamp connectinn in basidi-
omycetes.,

8.43 Pseudoparenchymatous Forms

The fungus mycelium normally. as mentioned above. is a mass of loosely interwoven
hyphac which form a network. In some fungi the entire mycelium or its paris un-
dergo various modifications. The wails of the hyphae in the mass get fused and 1they
lose their individuality. As a resull the hyphal mass, in cross section appears to be a
continuous slructure. [l resembles the parenchymatous tissue of higher plants, but i
is noet a true parenchyma as found in higher plants. In fungi such a tissue is called
plectenchyma.

Plectenchyma can further be differentiated iito twe Lypes. The plectenchyma with
rounded lungal cells is called pseudoparenchyma (Fig. 8.7a) and with less com-
pacted elongated cells is called prosenchyma (Fig. 8.7 b).

Ofien. the hyphae in many [ungi aggregate and get organised into various structures
that may be vegelalive or repreductive in nalure. Some examples of such siruclures
are stroma. sclerotiums and rhizomorph (Fig. 8.7 ).

Stroma is an indefinite body formed in Daldinia. It commonly develops reproduclive
slructures.

Sclerotia are 1ough and resting bodies. These are formed in Clenviceps sp. The interior
cells in the scleretium are hyaline and stored with food and the outer ¢ells are thick
walled. black and crust-like.

In some Ringi. hyphae lose individuaiity and form thick, dark brown, hard strands.
These are called rhizemorphs because they appear like roots.

In parasitic fungi the hyphae may enter the cell through cell wall of the host and form
haustoria for cbtaining nourishment. They are relatively short in length. Haustoria of
different shapes have been observed in different species (Fig. 8.8).

[n merels (Ascomycetes} and mushrooms (Basidiomyceles) the pseudoparenchyma-
tous mmass of hyphae forms lruiling bodies. You will learn about them in the next
unil.
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Structural detail of
stromalic tissue

X 17 Section through
stroma

Sclerolium

T.S. of Sclerotium

Fig, 8.7: Formation of various structures In fungi by aggregation of hyphae, . ) 13
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8.5 THE FINE STRUCTURE OF FUNGI

The study of ultrastructure ofa fungal hypha shows that it is similar to a typical
cukaryotic cell. There is a cell wall made of chitin except in Qomycetes. It is com-
posed of fungal cellulose. The funclions of the cell wall are essentially like those of
green plants for it is permeable 10 both waler and to subslances in true solution, Next
to the cell wall is plasma membrane.which regulates the movement of solutes in and
out of hyphae. Some membranous structures have also been observed between the
cell wall and plasma membrane. The nuclei are bounded by a double membrane with
pores and contain well-developed nucleclus and chromatin strands. But the nuclei are
smailer in size in comparison Lo most other eukaryotic organisms. The fine structure
of unicellular yeasl is shown in Fig. 8.2,

During nuclear division the nuclear membrane does not disappear. Instead the nu-
cleus constricts like a dumb-bell which eventually divides into two nuclei. The fun-
gal nucleus passes through slages characteristic of mitosis but the nuclear membrane
remains intact, This type of cell division is called intranuclear.

The cytoplasm shows well-developed endoplasmic reticuium, mitochondria ribo-
somes, microbodies, microtubules, vesicles, lipid bodies and crystals. The ribosomes
like in bacleria are free in the cyloplasm and are generally not attached 10 the endo-
piasmic reticulum. There may be one or several vacuoles in the cytoplasm bounded
by tonoplast.

In Division Qomycola the zoospores and gametes have flagella.

SAQ 8.1

a) Indicate which of the [ollowing statements are true or false. Write T for true or F
for false in the given boxes,

i) Fungli are achlorophyllous organisms. . ‘:J
i) Fungi prefer acidic medium for growth. D
it} The cell wall of fungi belonging to the division Oomycota is made D
of chitin,
iv) Fungi can utilise organic substances. D
v) Yeast cell is prokaryotic type. D
vi) Most genera in fungi are multicellular and some are unicellular. E’
vii) [n slime moulds the cell wall is absent. l:’

b) Fill in the blank spaces with appropriate words.

i} The body of a fungus consists of ,..................... .

i) Based on nuirition fungiare.................. organisms,

iii) Fungi live on the substrates as parasites, saprophytesoras ................... .
iv) The cell division in fungiis ......................

¢) In ihe following statemenls choose the alternative correct words given in the
parentheses.

1} The'condition where a hypha contains many nuclei without cross walls is
called (coenocytic/karyotic)

i) Fungi of the class (Zygomycetes/Basidiomycetes) have septate mycelium.

i) The aggregation of thick strands of fungal hyphae that appear like roots are
called (rhizomorph/rhizoid).

iv) The fungal cell lacks (chloroplasts /protoplasm).
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In this unit you have learnt that:

Fungi grow on variety of substrates that contain traces of organic compounds.
Some of the members can grow under exireme conditions of temperature and
osmotic concentration of the solute.

Fungi live as saprophytes, parasites or symibionts. Saprophytic fungi are impor-
tant decomposers in nature. They digest organic substances by extracellular se-
cretion of enzymes and absorb part of the digested nutrients. The remaining nu-
trients are released for recycling by other organisms. Many of the fungi are
parasites and cause several diseases in plants, animals and humans. In associa-
tion with algae and higher plants fungi form lichens and mycorrhiza respec-
tively. .

Fungi show a range of morphological forms. Unicellular fungi like yeast are
rare, Slime moulds are either unicellular or plasmodium like at a certain slage of
the life cycle.

Most fungi are multicellular, branched filaments. The mycelium is the main part
of the fungal body. The reproductive structures are born on the reproductive
hyphae.

Various kinds of structures arise when the entire mycelium or its part aggregate
and give rise to special structures such as stroma, sclerotia, rhizomorphs and
others.

The fine structure of hyphae is similar to a typical eukaryotic cell. Itis surrounded
by a cell wall made of chitin in most fungi instead of cellulose. Except chloro-
plasts all other cell organalles are present in fungi. The nuclei are small and their

" division is intranuclear. The hyphae may contain a number of vacuoles.

8.7 TERMINAL QUESTIONS

.1

2.

What are the chief characteristics of plasmodial slime moulds?

8.8 ANSWERS

Self-ussessment Questions
8.1
a)

iy T
iy T : . 5
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b)

iiiy F
ivy T
vy F
viy T
vii} T

i) mycelia /hyphae
ii) heterotrophic
iii) symbionts

iv) intranuclear

i) coenocytic
ii) Basidiomycetes
iii) rhizomerph
iv) chloroplast

Terminal Questions

1.

Absence of a definite cell wall. The somatic structure is a free living plasmo-
dium, which is a multinucleate mass of protoplasm. The nuclei are diploid. The
entire plasmodium takes part in the formation of fructifications. Flagellated cells
develop into myxamobae,

Pseudoparenchyma is a false tissue formed by the interwining of hyphae thereby
losing their individual identity. They run more or less parallel to one another and
are composed of elongated cells. As a result, the hyphal mass in cross section
appears to be a compact structure consisting of oval or isodiametric cells.
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9.1 INTRODUCTION

In the previous unit you {earnt about fungal habitats and morphology. In this unit we
will discuss the process of reproduction in fungi. Like algae. reproduction in fungi
occurs by vegelalive. asexual and sexual methods. In the following account we will
irst describe the various lypes of reproduclive structures and reproduction in fungi
with suitable examples. This will be followed by a detailed study of reproduction and
alternation of generations in Phytophihora, Rhizapus, Neurospora and Puccinia.

Objectives

Alter studying this unit you should be able to:

*  describe the types of reproduction in lungi with suitable examples.
«  describe various modes of vegetative reproduction in fungi,

e distinguish between vegeative and asexua) methods off reproduction.

* compare reproductive processes in Piytophthora, Rhizopus, Neurospora and
Puccinia and

® illustrate the life cycies of Phytophithora, Riizopus, Newrospora and Puccima,

9.2 TYPES OF REPRODUCTION

In the previcus unit you have learnt that a fungus hypha elongates by apical growlh,
but mosl parts of a fungus are potentially capable of growth. When the mycelium of a
fungus reaches a cerain slage of malurity and accumulates reserve food, it starts
reproducing. As in algae, reproduction in fungi is of three kinds:

i) vegeralive,
ii) asexual and
i} sexual

Vegetative and asexual methods of reproduction which do not invalve the fusion of
nuclei or sex cells or sex organs are. however. clubbed by many mycologists into
asexual methods of reproduction. Thus, they recognise only wo methods. asexual
and sexual,

On the basis of invelvement of she thallus in the formation of asexual and sexual
reproduction organs [ungi are categorised os holocarpic and eucarpic .

Holocarpic

When the enlire fungal thallus is converted into one or more reproductive struclures
s that vegetative and reproductive phases do not oceur logether in the same
individual, the fungus is called holocarpic.
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Eucarpic

In the majority of fungi. however, the reproductive organs arise from a portion of the
thallus, while the remaining portion continues its normal vegetative activities. Such
fungi are called cucarpic.

9.2.1 Vegetative Reproduction

Vegelative reproduction takes place by the following methods: i) fragmentation. ii)
fission. iii) budding, iv) oidia. v) chiamydospores, vi) rhizomorphs and vii) sclerotia.

Fragmentation

[n fragmeniation. which may result from accidental severing of the mycelium into
bits or fragiments or by mechanical injuries or otherwise, the mycelium breaks into
segments of hyphae. Each segment by further division of cells and apical growth
develops into a new mycelium under favourable conditions.

Fission

In unicellular fungi like the fission yeast, the single cell multiplies by fission (Fig,9.1
a}. Here, the parent cell elongates and divides transversely into two daughier cells.
First. the nucleus divides, followed by the division of the cytoplasm and wall
formation, thus dividing the parent cell into Lwo. The two daughter cells separate and
lead independent lives,

Budding

In budding ycast, the cells reproduce by a process catled budding. Tiere, the parent
cell puts out a small outgrowth which is called a bud {Fig. 9.1 b). Tl hud gradually
enlarges and finally gets separated from the parent cell by a cross wall. This end
develops into new individual yeast. Sometimes the bud before separation frem the
parent céll may produce a new bud and in this way a chain of buds may be produced
which finally get separated.

Oidia

In some filamentous fungi, the hyphae break up iato individual cells which are called
oidia or arthrespores ( Fiz.%.1 ¢). The cells become rounded or oval in shape and
appear like the beads of a rosary. Each oidium or arthrospore develops into a new
mycelium,

Chlamydospores

The chlamydospores are one-celled fragments, which functien as perennating bodies.
They are formed either singly or in chains in the vegelative hypha ( Fig.9.1 d). The
chlamydospores develop thick, resistant walls and accumulate food materials and
thus help the fungus to tide over unfavourable conditions. With the return of
favourable conditions each chlamydospore develops into a new mycelium c.g.
Mucor, Fusaritm.

Rhizomorphs

You learnt in the previous unit that in many higher fungi like Agaricus, the lryphae
aggregale to form cord-like structures. These fine, root-like strands, usually dark
brown in colour called rhizomorphs ( Fig. 8.7, Unit 8), serve as a means of
percnnation. Under unfavourable conditions rhizomorphs remain dormant but with
the onset of favourable conditions the thizemorphs resume growth and may also give
rise o fruiting bodies.

Sclerotia

You know thal sclerotia are alse modification of the mycelium. They serve as a
means of perennation and vegelative propagation. They may be rounded, cylindrical,
cushion-shaped or irregularly shaped with a dense mass of thick walled hyphae. The
hyphac form a compact, pscudoparenchymatous Lissue (Fig. 8.7). With the return of
favourable conditions a sclerotium germinates to form a new mycelium c.g.

Claviceps (ergot).
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Fig. 9.1 : Vegetative reproduction in fungi.

9.2.2 Ascxual Reproduction

In fungi asexual reproduction is a more common method than sexual reproduction. it

is usually repeated several times in a season. [t takes place by the formation of

special reproductive cells called spores. The formation of spores in fungi is called

sporulation. Each spore develops into a new mycelium. These spores are produced

as a result of mitosis in the parent cell and hence they are also called mitospores.

. The spores vary in colour, shape and size, number, arrangement on hyphae and in the

way in which they are borme. They may be hayline, green, yellow, orange, red, 1



Tungi brown to black in colour and are minute 1o large in size. In shape they vary from
globose to oval, oblong, needle-shaped 1o helical. Thus an infinite variety of spores
can be observed in fungi (Fig. 9.2 ) and you will find them very fascinating under (he
microscope.

o
WV

Fip. 9.2; Variely of spores in [engi.
Usually the spores are unicellular. They may be uninucleate or multinucleate. In
some fungi like Alrernaria and Curnvadaria they are multicellular, The mitospores

produced in lungi are of twoe Lypes. sporangiospores and eonidia.

The sporangiospores are produced inside a sac-like structure called sporangium.

Aplanospore - trom The hypha bearing a sporangium is called sporangiophore (Fig. 9.3 a). They are
Grecha. ot~ planetes. - characteristically branched. The sporangiospores may be motile or non-motile. The
wanderer « spores, seed. tile o . lled apl Fig. 9.3 These are

svore _ non-inotile sporangiospores are called aplanospores ( Fig. 9.3 a). These are

characleristic of terresirial species like Mucor and Rhizgpus. In aquatic fungi like
Pythiwm of the Division Oemycota motile biflagellate sporangiospores are produced.
These are called zoospores and the sporangium bearing them is called
zoosporangium ( Fig. 9.3 b and ¢ ). A zoospore is a motile spore lacking a ceil wall.
Afier a swarming period it secretes a wall and germinates (o form a germ tube. In
conlrast to zoospores, Lhe aplanospores have a definite spore wall and arc
dispersed by wind and insects.

The conidia are non-motile, deciduous mitospores formed externally as single
separate cells. They develop cither directly on the mycelium or on morphologically
differentiated hyphae cailed conidiophores (Fig. 9.3 d). The conidiophores may be
simple or branched, seplale or aseptate. The conidia are produced singly e.g.,
Phytophtliora or in chains at the tips of the conidiophores e.g. Aspergifius (Fig. 9. 3
d) or at the tips of their branches e.g., Peniciltinn (Fig, 9.3 €).

Often the conidiophores arise singly and are scattered in the mycelium. Somelimes
they arise in specialised structures called fruiting bodies. According to their



appearance they are termed as synnema, sporodochia, acervuli (saucer-shaped), Camparative Acvonm in
pycnidia (flask-shaped, giobular) or pustules,. These are shown in Fig 9.4. Repraduction in Fungr

. Aplanospores

Sporangium

Zoospores /

Zoosporangium

Conidia

Sterigma

Conidia -\ .

Secondary
Sterigmata

Primary
sterigmata

Sterigmata

Vesicle

Conidiophore

€

Fig. 3: Formation of sporangiospores and conidia in fungi: sporangia containing, a) aplanospores,
b and ¢) zoospores, d) conidiophores showing conidia on branches and ¢) conidiopheres
bearing canidial ¢hains on branches .
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Fig. 9.4: Various types of fruiling bodies in (ungi.

9.2.3 Sexual Reproduction

The sexual stage in fungi is called the perfect state in contrast to the imperfect state
which is the asexual stage. Sexual reproduction involves the fusion of two
compatible sex cells or gametes of opposite strains. Fungal sex organs are called
gametangia. They may be equal in size. In many higher ascomycetes
morphelogically different gametangia are formed. The male gametangia are called
antheridia and the female ones ascogonia.

The fungus may be homothallic, that is, the fusing gametes come from the same
mycelium or may be heterothallic, that is, the fusing gametes come from different
strains of mycelia.

In fungi, sexual reproduction involves the following three phases: i) plasmogamy, ii}
karyogamy and iii) meiosis (Fig.9.5). These three processes occur in a regular
sequence and at a specific time, during the sexual stage of each species.



Plasmogamy: It is the union of protoplasts of reproductive hyphae or cells, one from Comparative Account of

the male and the other from the female to bring about the nuclei of the two parents

Reproduction in Fungi

close together as a pair. However, the two nuclei do not fuse with each other. Such a
cell is called a dikaryon. The dikaryotic condition is unique to fungi and may
continue for several generations as the two nuclei (dikaryon) divide simultaneously
during cell division. These are passed on to the daughter hypha.

Karyogamy: The fusion of the two nuclei which takes place in Lhe next phase is
called karyogamy. [t may immediately foflow plasmogamy as in lower fungi, or it
may be delayed for a long time as in higher fungi.

Meiosis: Karyogamy which eventually occurs in all sexually reproducing fungi is
sooner or later followed by meiosis producing four genctically different spores.

We will now discuss plasmogamy in detail. There are different methods of
plasmogamy in fungi.

Plasmogamy

{n+n)

[ikarvon
Haploids / o

N
"'\/ 2n
(Diploid )

OJOR0X0

i)

iii)

”

+ laploid spores
Fig. 9.5: Three phases of sexual cycle in fungi.

Planogametic copulation : It involves fusion of two gametes. Like in algae

sexual union in fungi may be isogamous, anisogamous or cogamous ( Fig. Oosphere - one of'the
9.6). Anisogamy and oogamy are together called heterogamous sexual several ezgs produced in
reproduction. Isogamy is the simplest type of sexual reproduction, where the g;iﬁﬁ:}::gl:‘h; ‘Il:’;q]"
fusing gametes are morphologically similar e.g. Olpidium and Catenaria. mould and doway nildew
Anisogamy, where the fusing gametes are dissimilar is found in one genus,

Allomyces, a chitrid. In oogamy as you may recall the motile antherozoid enters

oogonium and unites with egg or cosphere forming a zygote. Oogamy is seen in

fungi like Pythium and Albugo.

Gametangial copulation : The two gamelangia make contact and the entire conlents
of the two fuse together and become one e. g., Mucor and Rhizopus. In some fungi
the entire protoplast of one gametangia flows into the other through a pore (Fig. 9.6
b). Among the two, the recipient is the female and the donor is the male.

Gametangial contact : The male gamete is not a scparale entity but the nucleus
in the antheridium represents the ,gamete. As you can see in the Fig. 9.6 the
cogonium and antheridium form a contact through a tube and one or more nuclei

_inside the antheridium migrate into the oogonium. You may note that in this case

the two gametangia do not fuse. It is observed in Peniciffium (Fig. 9.7).

Spermatization : This mode is quite remarkable as the minute conidia like
gametes called spermatia are produced externally on special hyphae called
spermatiophore (Fig. 9.6 d). Spermatia may develop inside the cavities called
spermatogania. The female cell may be a gametangium, a specialised receptive
hypha or even a vegetative hypha. -

Somatogamy : In higher fungi like Ascomycetes and Basidiomycetes there is
a progressive degeneration of sexuality. The entire process is very much
simplified by the fusion of two mycelia which belong to opposite strains (Fig 9.6
¢). The post-fertlization changes result in the production of a fntiting body
which is called ascocarp in Ascomyceles and basidiocarp in Basidiomycetes.

The gametangial fusion followed by the fusion of male and female nuclei results in

diploid nuclei. Subsequently, reduction division occurs and haploid spores are

o
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cungi formed. In fungi, the spores may be formed in specilised structures characteristic of
a division. In Ascomycetes the spores called ascospores are formed within the ascus

Apothecium — from (plur. Asci, Fig. 9.7). The a_scj reside enclosed withrjn _the f_ruiting bod)ru the ascocarp.

Greek, apotheke. a According to the characteristics the ascocarps are distinguished as cleistothecium

storehouse, (indehiscent) apothecium, (cup or saucer shaped), perithecium (flask-shaped) and
pseudoperithecium.

Clﬂiﬁfﬂ_lh'_:fi"m = lrom In basidiomycetes sexual spores are termed basidiospores which develop on club-
Greek Kleisios. closed + shaped structure, called basidium.
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Fig. 9.6 : Different ways of plasmogamy in fu ngi.
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Fig. 9.7: a to () Stages of sexual reproduction in Penicilifunr: a to ¢) development of sex organs,
antheridia and ascogonin, ¢ and {) séages in plasmogamy, ¢ and h) ascocarp —
cleistothecium formed when surrounding hyphac cnclose a number of asci, i) apothecium
ol Ascobelus sp., j) perithecium, k) an immatere pscudothecium of Leprosphaera.

Cleistolhecium
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Life Cycle

You have learnt that fungal mycelium is haploid and it remains haploid throughout
the life cycle. The haploid phase is maintained by asexual reproduction. The zygote
is the only diploid struclure formed when nuclei of opposite strains fuse during
sexual cycle. Mciosis occurs immediately resulting in four haploid spores. The
spures on germination form haploid mycelium, It is important to remember that in
the fungi dikaryotic cendition of the mycelium, which results through plasmogamy
may remain for a very lcng period,

SAQ 9.1

a) Indicate which of the following slatements are true or false. Write T for true or F
for false in the given boxes.

i)  Accidental severing of mycelium is a method of vegetative
repreductien in fungi.

i) The reproductive cells formed at the tips of hyphae are called
conidia.

iii} In higher fungi there is progressive evolution of sexuality.

AR

iv) [mmediately after plasmogamy the nuclei of two parents fuse

together.

b)  Fill in the blank spaces with appropriate words.

iy Chlamydospores help inthe .................. of fungi.

i)  The sexual stage in fungi iscalled .................

iii) In planogamelic copulation there is a fusion of .................

iv) The (ungi, where (he entire plant body takes part in reproduction is called

¢) In the following statements choose the alternative correct word given in the
parentlieses.

i) The individual cells formed by the breaking of a hypha are called
{oidia‘conidia).
if) The non-motile sporangiospores are called (aplanospores/z00spores).
iil) (Zoospores/Conidiospores} are produced in a sporangium.
iv) When the fusing gametes come from different mycelia the fungi is referred
to as (homothallic/hetrothallic).

9.3 TYPES OF LIFE CYCLES AND ALTERNATION

OF GENERATIONS '
Let us now study the life cycle of some important fungi in detail.
9.3.1 Piytophthora .

This fungus belongs to the Division Oomycota. There are about 75 species in this
genus. most of which live as parasites on flowering plants. The species
Plntaphthora infestans is of greal economic importance. [t causes a serious poialo
disease called potato blight or late blight of potato. In Unit 10 you will learn about
this disease in more delail. -

Morphology

The mycelium of Phyrophihora is profusely branched and consists of aseplate,
hyaline and coenocytic hyphac. The hyphac ramify in the intercellular spaces of
the host tissues. The mycelium produces haustoria which penetrate the host cell
wall and enter the cclls lo draw nourishmem ( Fig. 9.8 a). The haustoria‘may be
simple or branched. T

Phytophthora reproduces both asexually and sexually.
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[n warm and humid weather il normally reproduces asexually. During this siage a
wf of slender, branched hyphae usually arise from the internal mycelium. They
come out through the stomata or pierce through the epidermal cell on the lower
surface of the leaf ( Fiz.9.8 b). In tubers they come out through the injured portions
of the skin. These aerial hyphac are hyaline and branched. They bear a
sporangium at their tip. You have leamt earlier that the hyphae-bearing sporagia or
conidia are called sporangiophores or conidiophores respectively. The sporangia are
thin-walled, hyaline and lemon-shaped and have a beak-like projection or papilla at
their tips.

The mature sporangia can easily be separated from the sporangiophore. The
sporangiophore is branched. [t bears nodular swellings which denote the poim of
detachment of sporangia. Wind, rain drops or contact with neighbouring leaves
detach and scatter the ripe sporangia on neighbouring potato plants, They may

fall on the ground and get spread into the soil. The sporangia lose their viabilily if
they fail to germinate within a few hours.

When the sporangia fall on the leaf of a host plant, they germinate. Muoisture and
lemperature are 1lie determinants for germination. In the presence of water and low
lemperatures (upto 12°C) the sporangium behaves as a zoosporangium. The
protoplast divides into 5-8 uninucleated daughier protoplasis which transform into
Z0OOSpores.

Haustorium

Cell wall d \

. ‘\ Sporangium

SN

ol

Sporangiophores [,

RN

E2d—— Zaospores
. N C
c . - Stoma

b

Fig. 9.8: Phvtophthiorn infestans: a) lntereellular myeeltum forming haustoria, b) spoerangiopthores
coming out of stoma bearing sporangia, ¢} flagellated zoospores.

The zoospores are uniform.and biflagellate {Fig. 9.8 ¢). Of the two flagella one is of
the whiplash type and the other is of the tinsel type. The zoospores are set free
through the apical papilla into a vesicle in some species. The vesicle soon bursts 27
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open to liberatg the zoospores. The liberated zocspores swim for some time, and
iater settle on a substratum losing the flagella and germinate. During germination,
the zoospore puts out a short hypha called appressorium. The appressoria help to
fix the fungus on the surface of the host leaf. From the appresorium, a narrow, peg-
like infection hypha develops which forces its way into the host leaf.

At temperature upto 24°C, and low relative humidity the sporangium germinates
direcily behaving like a conidium. It germinates producing a germ tube or a shon
hypha, which enters into the host leaf.

The sporangia, which are washed into the soil, germinate and infect the tubers. Asa

result the tubers rot by harvest time or during storage, Under favourable conditions a
number of asexual gencrations may.be produced in one growing season. This results
in rapid propagation of the fungus to spread the disease.

Sexual Reproduction

Sexual reproduction is of the oogamous type. The male sex organs are antheridia and
the female oogonia. They arise at the tips of short lateral branches as antheridial and
oogonial intials respectively (Fig. 9.9 a). Phytophthora infestans is heterothallic.

The antheridium is a club-shaped structure with one or two nuclei to begin with.
Later the nuclei divide and produce about 12 nuclei (Fig. 2.9 b). Al the time of
the fertilization only one functicnal nucleus persists and the others degenerate. The
oogonium develops on a neighbouring hypha of the antheridial branch. It grows
across the antheridium and swells to form a pear-shaped or spherical structure { Fig.
9.9 ¢). Il contains dense cytoplasm and many nuclei {about 40).The protoplast of the
cogonium becomnes differentiated into an outer multinucleate periplasm and a central
uninucleate ooplasm. The central nucleus divides into two and cne of them
disappears. The surviving nucleus functions as the egg nucleus, The nuclei of the
periplasm later degenerate.

The oogoenial wall bulges cut at a certain point to make a receptive spot . The
oogonial wall disintegrates at this spot. Through this opening the antheridium pushes
a short fertilization tube (Fig. 9.9 d). The fertilization tube penetrates the periplasin
and reaches the ooplasm. Here it opens and delivers the male nucleus-along with the
surrounding cytoplasm. The malc and female nuclei fuse, thus bringing out
fertilization (Fig. 9.10 f1.

I Antheridial
initial

QOocgonial
initial

Periplasm

Coplasm

d ¢ Qospore

Fip. 9.9: Stages of sexual reproduction in Phytophthora infestans.



The fertilized egg secretes a thick wall around itself and becomes Lhe oospore. Comparative Account of
When the conditions are favourable the cospore germinates. It is believed that Reproduction in Fungi
meiosis takes place during germination. Tle germination of oospore takes place

after the decay of the host tissue. A germ tube develops from the cospore and may

direcily develop into a mycelium or ocspore may bear a terminal sporangium. Inside

the sporangium zoospores are produced which afier liberation develop into new

mycelia.

Life Cycle

In the life cycle of Phytophthora there is an asexual cycle which may repeat during
favourable conditions. The sexual cycle takes place prior 1o the onset of unfavourable
conditions forming a resting spore. These cycles normally altemate with each other.

SAQ9.2

In the following statements fill in the blank spaces wilh appropriate words.

i}y Phytophihora infestans belongs to the Division ......................
ity 1t causes severe disease of ,........ovvvevee, crop.
jit) The fungus fixes itself on the surface of the host leaf by a shert yphae called

iv) The zoospares in Phytophthora infestans are uniformand ....................
v) Sexual®epreductionisof .................. lype and lhe male and female organs
are formedon .................. thalli.

9.3.2 Rhizopus

Rhizaopus is a member of Division Zygemycota. Il is commoly called bread mould
since it is frequently found growing on stale bread, 1tis a saprophytic fungus. It
also grows on decaying fruits, vegelables and other food materials. Rhizopus
stolonifer sometimes grows as a facultalive parasile on sirawberries causing a
Lransit disease called ‘leak’ and also causes "sofi rot’ disease of sweel potatoes.

The mycelium is a white cotton-like fluffy mass with numerous, slender, branched
hyphae. The mycelium has three types of hyphae: i) thizoidal ii} stolons and iii}
sporangiophores { Fig.9.10). '

The rhizoidal hyphae are a cluster of brown, slender and branched rooting hyphae
which arise from the lower surface of the stolon at certain points which are the
apparent nodal points. These hyphae help in anchorage and in the absorption of
water and nourishment from the substratum,

The aerial hyphae which grow horizontally over the surface of the substratum are
called stolons. These hyphae are comparatively large, and slightly arched. The
stolons grow rapidly in all directions, completely filling the surface of the
substratum,

The third kind of hyphae called sporangiophores develop during the reproductive
phase. The sporangiophores arise from the apparenl nodal regions, opposite to
the rhizaidal hyphae in a cluster. They grow vertically bearing sporangia at their
tips.

Asexual Reproduction

Rhizopus reproduces asexually by multinucleate, non-motile spores which are
produced in small, round, black sporangia. These sporangia are borne Lerminally,
and singly on unbranched sporangiophores { Fig. 9.10 b). A malure sporangium is
differentiated into two regions, a central less dense, vacuolated region with fewer’
auclei called columella and a peripheral dense region with many nuclei called
sporoferous region. The protoplast in the columella is continuous with that of the
sporangiophore.

The sporiferous regicn undergees cleavage 1o form a number of multinucleate
jegment. These segments round off and secrete walls around them te become

sporangiosperes . These are unicellular, multinu¢leate, non-maotile aplanospores,
29



Fungi globose or oval in shape (Fig. 9.10 c¢). As the spores mature the sporangium bursts

open liberating the spore mass ( Fig. 9.10d ande ). A part of the wall remains as a
collar-like fringe at the base of the sporangium.

The spores are dispersed away by the wind. Falling on a suitable substratum, under
suitable conditions a -spore germinates producing a short germ tube which grows
further and branches profusely to produce three types of hyphae.

Sporangiophores

N
Feeding Rhizoidal
a mycelium hyphae

Sporangiophares

Fig. 9.10: Rhizopus sfolonifer: a) ihree kinds of hyphae of the mycelium, b) sporangiophores
developing at the point of rhizoidel hyphae, ¢) structure of a sporangium in detail, d)
invapinated columella, ¢) dehiscence of (he spores.
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Under unfavourable conditions RAizopus produces chlamydospores. As you learnt
Reproduction in Fungi

they are thick-walled spores with accumulated reserve food. They are produced
intercalarily (ref. to Fig. 9.1 d). They belp to tide over unfavourable conditions
during which time the mycelium perishes. With the return of favourable conditions
they germinale and preduce nermal mycelium,

Sexual Reproduction

Towards the end of Lhe growing season Rhizopus reproduces sexuvally. Sexual
reproduction is of the conjugation type. Here the two gametangia fuse, You learnt
above that such a union of protoplasts is called gametangial copulation. Some species
of Rhizopus are homothallic while others are heterothallic. In heterothallic species
the mycelia belong to rwo mating types or strains one plus and the other minus.

Promycelivm —

Germinating
Zygospore

Spores

Columella

Forimation of

cross walls Germinaling
c Zygospore
~

Gametangin

Suspensor  } % Suspensor

Meiosis

\\ Zygospore
f
Fig.9.11: Stages of scxual reproduction in Rhizopus stofonifer. 31
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During sexual repreduction the hyphae of the two mating types (+ and ) called
zygophores are attracted towards cach other (Fig. 9.11 a). They produce copulating
branches called progametangia which meet at their tips ( Fig. 9.11 b ). The tips of
the progametangia enlarge due to accumulalion of eytoplasm and nuclei, and are cut
off from the basal portion by cross walls (9.11 ¢). The terminal portion is called
suspensor . The entire gametangium transforms into an aplanogamete (Fig. 9.11
d). The two gametangia may be of the same size or one of them slightly smaller
than the other.

When the gametangia mature (he intervening walls dissolve and the two gametes
and their nuclei fuse producing a zygospore (9.11 e and f). The zygospore increases
m size and secreles a thick bwo layered wall around it. The outer layer is dark and
warty. It is called extine or exospore. The inner layer is thick and is called intine
or endospore. As the zygospore increases in size the wall of the fusion cell
containing Lthe zygospore ruptures and it is set free.

Prior lo germination of the zygospore, the diploid nuclei divide meiotically
producing numerous haploid nuclei. During meiosis segregation of strains lakes
place. The zygospore during germination absorbs water and swells., As a result
the outer wall extine breaks open. The inner wall intine with the inner contents
grows outas a germ tube or promycelium (Fig. 9.11g). The promycelium is of
limited growth and produces a terminal sporangium. [t is called zygosporangium
or germ sporangium (Fig. 9.11 h). Inside lhe sporangium numerous, non-motile
germ spores called meiospores are produced, They are liberated at maturity which
develop into new mycelia ( Fig.9.11 i and j).

Life Cycle

The life cycle of Rhizopus consists of two phases, asexual and sexual. The asexual
phase consists of myelium, sporangiophores, sporangia and the sporangiospores.
This phase in the life cycle serves to propagate the haploid phase of the fungus
during favourable conditions. The sexual phase, consists of mycetia of the plus and
minus strains, the progametangia, gamelangia, aplanogametes, zygospore,
promycelium, germ sporangium and the germ spores. Among these the zygospore is
the only diploid structure. Ail others arc hapoid. Such a sexual cycle is called
haplontic characterized by zygotic meiosis and haploid mycelium as the only adult
fungi.

Can you recall which alga shows a haplontic life cycle?

Rhiizopus exhibits heterothallism wherein the mycelia of a single species are
morphologically similar but physiologically different. There is no apparent
distinction between male and female mycelia except in their sexual behaviour.
Such a distinction is designated by the terms plus and minus. This was first
discovered by Blakeslee in 1904. This is the first indication of the origin of
dioecious condition of sexual phase in an organism,

SAQ 9.3
In the following statements fill in the blank spaces with appropriate words.

1)  Rhizopus belongs (o the Division .......................
ii) The hyphae which grow horizontally over the surface of the substratum are

called ...
iii) Asexual reproduction in Rhizepus occurs by the formationof ......................
iv) The hyphae of two mating types in Rhizopus arecalled ......................

V) Zygospore after germination forms ............covevvvvsee
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Neurospora belongs to Division Ascomycota. It is a saprophytic fungus. The
common species - N. sitophila, N. crassa and N. tetraspernia occur on rolting leaves
leather, bread, burnt ground and charred vegelatibn. A. crassa is commonly called
red bread mould while N.sifophita is called bakery mould. It is a common
contaminant of laboratory cultures of fungi and bacteria. Neurospora is mostly
heterothallic, being differentiated into + and — strains.

Asexual Reproduction

‘The hyphae of Neurospora are septate with multinucleate cells. The mycelium grows
rapidly and ramifies on the substrate. It reproduces asexually by conidia which
according to the size are called micro and macroconidia ( Fig. 9.12 alo ¢). Both
micro and macro conidia develop into new mycelia. The conidiophores develop’
from the acrial hyphae and produce a large number of pink macroconidia in branched
chains. These conidia are oval, multinucleate and large. They are disseminated by
wind, Clumps of smaller, oval, sticky, microconidia also devclop laterally on the
vertical aerial branches,

Macroconidia
in chain

. Microconidia

in clusters

Fig, 9.12: Asexual reproduction in Menrospora crassa. n) conidiophore bearing macroconidia, 1)
macrocenidia enlarged, ¢) microconidia, and d) microcenidin in clusiers.

Sexual Reproduction

The female sex organ is a multicellular structure called proteperithecium (Fig. 9.13
a) or bilbit. fn the protoperithecium the vegetative hyphae enclose a
multinucleate  ascogoninm, containing long hyphal branches behaving as
trichogyne. The spermatia or conidia acl as male cells. The spermatia are chemically
attracted to the trichogyne and unite with it (Fig. 9.13 b). The walls between the
trichogyne and uniting spermatium dissolve and the contems of spermatium
migrale into the ascogonium. But there is no fusion of male and female nuclei at
this slage, so many dikaryons are present in the ascogonium. Shortly afler, the
ascogenous hyphae develop and the dikaryons migrate inle the ascogenous hyphae
(Fig. 9.13 c). The terminal cell of each ascogenous hyphae which comains the two
nuclei, one of male and other of female recurves and forms a crozier or hook (Fig,.
9.13 d). Both the nuclei divide simuhaneously and the subsequent formation of walls
distributes the nuclei as one in the Lip cell, two in the penultimate ce!l one from male
the other from female, and one in the basal cell (Fig. 9.13 e and ). The binucleate
cell enlarges and develops into an ascus. Later the twe nuclei fuse and form a diploid
nucleus {Fig. 9.13g). The asci develop from these ascogenous hyphae. This diploid
nucleus divides meiotically and then mitetically to preduce eight haploid nuclei

L2
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(Fig. 9.13 hand §). Division ol cytoplusm also 1akes place. The eight hapleid
protoplasts are formud which ranslorm into cight ascosperes (Fiz. 9.13 j).
Newrospora crassa and N. siophifa arc eight spored, bisexual and heterothallic. .
dodger and N terricnle are homothallic species.

(In AL terrasperine only meiosis takes place resulting in four haploid ascOSpores).

The mature perithecia are pyvriform. dark-coloured and beaked structures which are
surrounded by dark pseudoparenchymatous peridium ( Fig. 9.13k). There is a
terminal opening in the beak called ostiole. The neck and ostiole contain periphyses
or short, sterile hyphae. Inside the matre perithecium many asci and pgriphy;es are
presenl. Ofthe eight ascospores produced inside an ascus four belong 1o one
mating type and the other four o the opposile mating Lype.  The ascospores are dark
brown or black in colour and contain nerve-like ridges on the outer wall. Because
of'these, the fungus is called Newrospara. When young, the ascospores are
uninucleate and later they beceme binucleale. The ascopores are liberated imo the
perithecium and are shot out of the fruiting body. They germinate and produce
coarse. seplate rapidly growing myceliom consisting of multinucleate cells,

- Trichogyne

™ — Empty male cell
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e

A part of
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Fig. mior dwges olseve s eaduction in Nenrospora crassa.



Life Cycle

Inthe life cycle of Neuraspora, there are two phases asexual and sexual. The
asexual phase is represented by the vegelative mycelium, micro and macro conidia,
which help in the rapid multiplication of the fungus. The sexual phase is
represented by ascogonium, perithecium and the asci. The ascospores are the
meiospores which intervene belween the asexual and sexual phases. [n the life
cycle diploid condition is seen inside the ascus for a brief period. The rest of the
life cycle has only a haploid cendition.

SAQ 9.4

In the following statements fill in the blank spaces with appropriale words.

i) Newnrosporabelongs to the Division ........ e -

ti) Asexual reproduction in Newrospora occurs by the formation of .....n.eeeeen.o. ...
whichare ........................ and ...

ili} The female sex organs in Newrospora are ... s

iv) The ascogenous hyphae are enclosed within the fruiting body called

934 Puccinia

Puccinia belongs to the Division Basidiomycola. Puccinia is a large genus with more
than 700 species reported so far. About 150 specics occur in India. It occurs as an
obligate parasile on cereals, millels and many other crops of economic importance.
The most common species is Puccinia graminis which mostly atiacks wheat and
rarely barley, oat, rye ctc. In unit 10 you will learn about the discase in delail.

Puccinta graminis is a rust fungus which uses wheat as the primary and barberry as
the secondary host. Such pathogens, which require two distinct hosts 1o compleie
their life eycle, are termed as heteroecious species.

There are in all five stages in the life cycle. Three stages, uredospores, (eliospores.
and basidiospores occur on wheat plant while, the remaining 1wo pycniospores and
aeciospares occur on barberry leaves. On wheat the mycelium is dikaryotic and on
barberry it is monokaryotic. The niycelium is seplate and intercellular with sphurical
haustoria, .

Life Cycle on Wheat Plant

The life cycle of Pucciniu graminis is shown in Fig, 10.53 (Unit 10). The lollowing
stages found on the primary host are shown in Fig. 9.14,

Uredium and Uredospores

In the stem, leaf or leaf sheaths of wheat the dikaryotic mycelia grow
subepidermally and develop into urediniai cells. The uredinial ceils form a palisade-
like layer of hyphal tips below the epidermis and produce urcdiniospores also called
uredospores (Fig.9.14 a). The urediniospores of Puccinia represent conidia, which
repeat the dikaryotic phase for several succesive generations til! the condilions
remain favourable.

A mature uredospore is a stalked structure, bearing a swollen, round, globose or
oval body. Each uredospore contains two nuclei and is surrounded by a thick. spiny
wall. The wall conlains thin aveas called germpores. A single uredium (plur.
uredinia) may contain 50,000 to 4,00,000 uredospores. The uredinia appear as
clongale, reddish-brown or blackish granular pustules and provide the rusty
appearance Lg the host and hence the name of the fungus (rust fungus). The
urcdospores are carried away by wind Trom (he pustules and when they fall on
fresh wheat hast, they germinate to form fresh dikaryetic mycelium. Thus,
uredospores heip in lhe asexval inultiplication of the fungus during
favourabte condilions.

Comparative \ceount ot
Reproducting i Fungi
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Telium and Teliospores

In the lale growing season, the mycelium begins 1o produce teliospores (Fig. 9.14
b) along with uredospores. When teliospores alone are produced the sori or
pustules are called teliosori or teleutosori. They are dark brown or black in
colour. The teliospores are stalked bicelled, spindle-shaped struclures, cich
constrictad slightly at the septum. The wall of the (eliospores is thick and smooth
and their tip is usually pointed or round. Each cell of the teliospore contains a germ
pore, The germ pore is at the apex in the upper cel) and it i near the sepwum in the

iower cell..

Ureduspores

Fpidermis

Uredinial cells

Aeciospores inleet
wheat leas es
through stomaty Wheat
[

sheath
L'redosorus

Teliospores

+ - Receptive

M i

Germination of
hasichospore

"\L'LEU_\DIPFC_‘\

Aceial cup

Fie. .14z The sages in the life eycle ul Puccinia graminis.



Each cell of the teliospore is binucleate. Because of the thick wall the teliospores Comparative Account ol
may withstand unfavourable conditions. At maturity, the two nuclei of each cell of Reproduction in Fungi
the teliospore fuse to form a diploid nucleus.

The teliospore cannot infect the wheat plant. The teliospores undergo a period of rest
untii the next spring. These teliospores may remain on the dead host plants or in the .
soil during the resting period. '

Each teliospore germinates and produces the basidiospores.

Basidium and Basidiospore

This stage represents the basidial stage (Fig. 9.14 ¢). Both cells of the teliospore
function as hypobasidia. From each hypobasidiunta long tube called epibasidium
develops. The dipleid nucleus of each cell moves into the respective epibasidium
and divides meiotically 1o form four haploid nuclei. Cross walls are formed in
between the haploid nuclei, thus forming four haploid cells in each epibasidium.
From each of these celis a lateral short, peg-like projection develops which is called
sterigma. At the tip of each sterigma a basidiospore is formed. Segregation of
strains takes place during basidiospores formation. Thus, two basidiospores in each
epibasidium belong to plus strain while the other two belong to minus strain. Each
basidiospore is small, unicellular, uninucleate and haploid.

The basidiospores are discharged into the air with force. They cannot infect the
wheat plant. They germinate only when they fall on a barberry (8erberis vulgaris)
plant, which is the alternate or secondary host.

Life Cycle on Barberry Leaf

The haploid phase of the life cycle of P. graminis is confined 1o the secondary host,
the barberry piant.. It consists of primary or haplomycelium and two types of sori
spermagenia and aecia (Fig. 9.14 d}. .

The haploid basidiospores settle on the leaf of a barberry plant and germinate to
produce monokaryotic mycelium. The hyphae grow in the intercellular spaces of
lhe host tissue. Within 3-4 days after infection, dense hyphae mats develop all
over the tissue pnd become visible externally on the leaves in the form of small,
yellowish, circular pustules. Each pustule represents a spermagonium pustule.

A mature spermagonium s a flask-shaped body, opening extemnally by a pore called
ostiole. The cavity of the spermagonium is lined with a palisade - like layer of
numerous, short uninucleate, tapering cells, which represent the

spermatiophores. From the tip of each spermatiophore many, small,
uninucleate spermatia are produced. Near the ostiole some long, pointed hyphae are
produced which project out through the ostiole. These are called periphyses. Some
of the projected hyphae become very long. They are called receptive hyphae or
flexuous hyphae. The spermalia function as male cells and the long receptive
hyphae behave as trichogyne.

The transfer of spermatia to the trichogyne 15 calied spermatization. The mature
spermagonium secretes a nectar-like liquid which collects at the ostiole region.
Insects which are attracted towards the nectar-like liquid transfer the spermalia
from one spermagonium to the trichogyne of another spermagonium. When the
spermatia and trichogyne belong to opposite sirains, the intervening walls of the
spermatium and trichogyne dissolve and the contents of the spermatium pass into
the trichogyne. The spermatial nucleus reaches the basal cell of the receptive hypha
- and thus it becomes a dikaryon,

The well-developed primary mycelium within the barberry leaf produces a globose
hyphal mass called protoaecium just below the lower epidermis. This protoaecium
develops into an aecium with the development of dikaryotic cells. The basal cells
of each atcium become elongated into sporophores or stalk cells. From each of
these basal cells a chain of dikaryotic cells are cut off towards the lower epidermis.
When these cells divide a large cell and a small cell called intercalary celf or
disjunctor cell is formed. The farger cells become the aeciospores. The disjunctor
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cells help in the dispersal of aeciospores.  The entire structure is like a cup and is
called aecial cup. There is a protective layer or peridium for the accial cup. The
developing acciospores push and rupture the host epidermis and thus are exposed
for dispersal. Each acciospore is a polyhedral, binucleate structure with two wall
tayers. The outer wall layer is thick and smooth, and the inner wall layer is thin and
smooth. They are shed in the late spring, They cannot infect the barberry plants.
When they fall on the primary hosti.e., wheat, they germinate and develop into
dikaryotic mycelia. Thus Lhe life cycle is completed and a fresh cycle starts
again. Thus Puccinia graminis exhibits a complex life cycle wilh two hosts, two
types of mycelia five types of spores. Hence it is called a macrocyclic and
heteroecious fungus.

L¢* us now sum up the characterislics of various divisions of fungi.

Table 9.1: Comparison of characteristics of four divisions of fungi.

Division Characteristics Asexual Sexual Examples
of Mycelium Reproduction | Reproduction
Zypomycola Coenocylic Spores bome in Conjugalion; Common bread
(600 species) hyphae Sporangia Zygosporcs mould
Basidiomycota Septate liypae Fragmentalion Basidia produce Rusls, smuts,
{25,000 specics) basidiospores mushrooms
Ascomycota Seplate hyphae or Conidia, budding Asci produce Yeasts, moulds,
(30,000 specics) unicellular (yeast) {ycasl) A5COSPOTEs mildews, morels
Deuteromycota Scptate hyphac Conidia Unknown Cladosporium sp.,
{10,000 species) Sporothrix sp.
Box Item I’
Mushrooms

The ediblc bution mushrooms belong 1o the Division Dasidiomycota. A mushroom is a fruiling body. The
Tungus niycelia grow beneath the surlace of the ground and only when the conditions are suitable the mycelia
aggregale inlo local clumps and prow above Lhe surface of the ground. Therealler, the fruiling bodics in Lhe
form of butions decvelop into mushrooms.

A mushroom consists of a slalk region or stipe, a hemispherical upper pan, the cap which has gills on its
underside. The rows of gills are lined with tiny, club-like basidia as shown in the figure below.

Cap
(pileus)

Basidiospores I

Gills lined
with basidia Basidium

Fruiting structure
of mushroom

Basidia releasing
basidiospores

Fig. 9.15: Fruiting structure ofcdiI;]e mushrooms.




SAQ 9.5 : Camparutive Account of

a)

b)

Reproductinn tn Fungi

In the following statements fill in the blank spaces with appropriate word(s),

1) Puccinia graminis is a macrocyclic, ............co.ounn. Tust.

i) The alternate host for Puceinia graminis is.......................

il) The haplophase of the life cycle in Prceinia is conlined to ................... .
iv) The male cells produced in Puccinia are called _......oooevune. ...,

Indicate whether the following slatements regarding Prccinia graminis are wrue
or false. Write T for true or F for false in the given boxes.
i} Uredospores produced by Puccinia arc dikaryotic. D

ii) Nuclear fusion does not take place in Lhe teliospores. l:l

iii) Segregalion of strains takes place during basidiospore formation D
in Puccinia.

9.4 SUMMARY

In this unit you have learnt that:

Fungi reproduce by vegelative, asexual and sexual methods.
Vegelative reproduction takes place by fission, budding, fragmentation.
formation of oidia, chlamydospores and rhizomorphs.
Asexual reproduclion occurs more frequently then sexual method. The
sporangicphores or conidiophores formed bear spores and conidia respectively.
In sexual repraduction, depending upon the species the entire thallus or a pertion
of it may take part in the formation of reproductive bodies. Fungal sex argans
are called gametangia. The sexual reproduction involves plasmogamy,
karyogamy and meiosis
Planogametic copulation, gamelangial copulation, gametangial conlacl,
spermatisation and somatogamy are the modes of plasmogamy. During
plasmogamy there is a union of protoplasts of the two opposite strains and not of
the nuclei, The dikaryotic condilion may prevail for a long period as there is
generally a long gap between the nwo stages.
Meiosis occurs immediately after karyogamy resulting in four haploid spores.
Phytephthora infestans causes serious potato disease. The cocnocylic hyphae
ramify in the host tissue and draw nutrition through haustoria. Asexual
reproduction takes place by the formation of sporangia. Depending upon the
condition of temperature and humidity the sporangia may produce zoospores or
germinarte directly Sexual reproduction is of oogamous type.
In Rhizopus the mycelium has rhizoidal hyphae, stolons and the hyphae-bearing
sporangiophores. The sporangiophores bear non-motile aplanospores, the
asexual reproductive bodies. Sexual reproduction accurs by the fusion of
gamerangia of opposite strains forming zygosporangia whicl bear numerous
non-motile zygospores.
Neurospora is heterothallic, being differentiated into + and — strains. The
mycelium consists of branched, seplate somatic hyphae. It reproduces asexually
by macro and microconidia. In sexual reproduction spermatization occurs when
male cell fuses with the trichogyne. The 1wo nuclei move into specialised
hyphae and produce asci at their tips. After the fusion of the nuclei, meiosis and
mitosis occur forming eight haploid ascospores.

The heteroecious, heterocyclic rust fungus Puccinia graminis utilises two hosts
wheat and barberry plant. The mycelium is dikaryotic in wheat and
monokaryotic in barberry. Three types of spores-uredospores, teliospores and
basidiospores are produced on wheat plant. Sexualily in Puccinia is reduced to
the fusion of two nuclei in teliospores which on germination form basidia. In
basidia meiosis results in 4 haploid basidiospores two of + and two of - strains.
They germinate only on barberry leaves and form fruiting bodies spermogonia
containing spermatia, periphyses and receptive hyphae. On spermatizalion the
dikaryons are formed. These give rise to aecial cups containing acciospores,
which germinate only on wheat plants.
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9.5 TERMINAL QUESTIONS

1. Define holocarpic and eucarpic fungi.

3. What are sclerotia?

4. How many types of sexual reproduction are found in fungi? Define them.

5.  Why is Prccinia called heteroecious fungus?

6. Briefly outline the formation of teliospores in Puccinia.



7.

9.6 ANSWER

Seclf-assessment Questions

9.1

9.4.

a)

b)

c)

b)

i} True

if) True

iii) False

iv) False

i) perennation,
i) perfect stage
iii) gametes

iv) holocarpic
i) oidia

i) aplanospores
i) Zoospores
iv) hetercthallic
Qomycota

polato

Appressorium
biflagellate
oogamous, different
Zygomycola

stolon

sporangiospores in sporangia
zygophores
Zygosporangium

Ascomycola

conidia, macroconidia, micreconidia
ascogonia

perithecium

ascus

i) heleroecious

i) barberry plant

i} wheat plant

Iv) spermatia

i) T, i) F. )T

Compirtive decount ul
IReproduction in Fungi

-+l



Terminal Questions

2

(V%)

During the farmation of reproductive organs or siructures, asexual or sexual in a
fungus, the entire thallus may be converted into one or more reproductive
structures, so that somatic and repreductive phases do not oceur logether in the
same individual. Fungi which follow this pattern are called holocarpic e. g, yeast.
In the majority of fungi, however, the repreductive organs arise from a portion
of the thallus while the remaining portion continues its normal somatic acrivitics,
The fungi of this category are called eucarpic. e.g. Aspergitiny, Penicillizem eic.

The common methods of vegelative reproduclion in fungi are;
i} fragmentation,

if) chlamydospore formalion.

ii) oidia fermation,

iv) fisston,

v)  budding

vi}) lormaltion of rhizomorphs and sclerotia

Sclerotia are modifications of the mycelia which serve as a means of perennation
and vegetalive propagation. They may be rounded. cylindrical. cushion-shaped.
or ircegular in shape with a dense mass of thick walled hyphae, The hyphac form
a compact, pseudoparenchymatous tissue, With the onset of favourable
conditions they germinate to form fresh myeelia e.g, Claviceps (Ergol).

Three types of sexual reproduction occurin fungi. They are isogamy, anisogamy
and oogamy. In isogamy the fusing gametes are morphologically similar. 1n
anisogamy the fusing gametes are motite. [n oogamy the female gamele is larger
and non-maotite while the male gamete is smaller and motile. Sometimes the
gametangia fuse during sexuval repreductien as in Rhizapus and Mucor. 1t is
called gametangial copulation,

Puccinia grannis requires two distinet hosts to complete the life cycle, Hence it
is called heteroecious fungi.

Ref, to seclion 9.3.4 sub-heading Telium and Teliospores.

Rel. to section 9.3 4. Life Cvele on Barberry Leal, Para 3.



UNIT 10 FUNGAL DISEASES

Struclure

10,1 Introduction
Objectives

10.2 Late Blight of Potato
Symplonis
The Pathogen: #yvopinhora infestans
Discase Cycle
Control Measures

10,3 Powdery Mildew of Rosc
Symploms
The Pathogen: Sphacrotheca pannosa
Discase Cycle
Control Measures

10.4 Red Rol of Sugarcane
Symploms
The Pathogen: Celferotrichum fafcatum
Disease Cycle
Control Measures

10.5 Loose Smut of Wheat
Symiplams
The Pathowen. Ustifago iritici
Disease Cycle
Contral Measures

10,6 Wheat Rusts
The Pathozen: Puccinia
Symptoms -
Discase Cycle Precima graminis
Control Measures

10.7 Skin Discases in Humans and Animals
Lumpy Wool
Facial Eczema
Sporotrichasis
Rinz Worm and Favus

10.8 Summary

10.9 Terminal questions

10.10 Answers

10.1 INTRODUCTION

In the previous two units of this Block you read about the morphology, babitats and
reproduction in fungi. In this unit we will discuss some common diseases of plants
and animals caused by fungi that are prevalent in our country. More than 3000
species of fungi are known 1o cause diseases in plants.

Objectives
After studying this unit you should be able 10:

» describe the fungal diseases of some economically important crop plants like
potato, sugarcane and wheat caused by fungi,

e cxamine the symptoms and identify in the field, diseased plants and the fungus
causing the disease,

e recommend the methods that could be used to check the disease from spreading
to other healthy plants,

e recommend lhe methods for preventing future infection and

o discuss skin diseases caused by fungi in animals and humans.

10.2 LATE BLIGHT OF POTATO

The late blight of potato is one of the most destructive fungal diseases of the crop
plans. It destroys potato plants and the tubers, It is found in nearly all areas of the
world where potaloes are grown. In India the disease was first noticed in the Nilgiri
hills between 1870 and 1880. Soon afier it was reporied from Darjeeling district in
the Himalayas with the introduction of English potatoes. From there it spread 1o
Assam. Bengal and Bihar, and by 1943, the disease appeared in the western districts
of U.P. Its year 1o year spread and destruction depends on condition of weather. Low
temperature and moislure favour the growth of potatoes as well as the disease.

The polato is a native of South
America. Late blight of potato
occurred in South America as an
endemic discase. The famous Irish
[amine of 1845-46 was due lo the
[ailure of the potato crop in [reland
which at that time constiluted the
staple feod of over four million



bongi 10.2.1 S}’I‘I]ptﬂl‘lls

Symptoms appear al first as circular or irregular water-soaked spaots at the Lips or
edges of the lower leaves. [n moist weather the spols enlarge rapidly and form
brown, diseased areas with an indefinite border (10.1a). A zone of white, downy
(soft and fTulTy) fungus growth, 3-5 mm wide appears at the border of the lesions on
the undersides of the leaves. Then the entire leaflet and all the ather leaflets get
infected. The leaflets become limp, and dead. Soon the disease spreads to.the stem
and flinally the entire shoot system falls to a rotien pulp. Subsequenily, the
zoosparangia or zoespores invade the tubers from the diseased leaves that reach the
soil (Fig. 10.2 b). in dry wealher the activities of the fungus are checked.

The polato tubers when still attached to the plant get infected while in the field or
during harvest and semetimes in storage. The aiTecied (ubers at first show more or
less trregular purplish black or brownish blotches. Later the affected areas become
firm and dry and somewhat sunken. .

10.2.2 The Pathogen : Piytophthora infestans

in unit ¢ vou learnt that during asexual reproduction in Phveophihora the mycelium
which emerge throush the stomata in the leaves and through the lendeels in the
tubers produces branched sporangiophores of unrestricted growth (Fig. 10.1c).
Multinucleate, thin- walled. hyline. lemon shaped, papillate sporangia are produced
at the tips of the sporangiophares. The sporangia (10.1d) falling on the leaves or soil
germinate and preduce zoospores at temperatures 12°C - 15°C (Fig. 10.1e and ).
While above 13°C sporangia may germinarte directly by producing a germ wbe (Fig.
10.1g). The sporangia falling on the soil produce zoospores and infect the

Sporangium —_

E

’
D @ Sporangiophore
on infecled
seedling [

\ &
Germ lube

Sporangia and l’

Sporangiophore

on leaf
Mycelium from Sporangiophore
\ luber'ngoi_cr::s on infected
seeding {uber (in spring}

zoospores infect
leaf

|nfect

roduclicn
Sexual rapro fuber s

(extremely rare in nature)

Inlected plant

I .
Fig.10.1: Disease cycte of late hlight of potato causcd by Phyvrophthora infrstans.
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underground tubers (Fig. 10.1b). The mycelium in the infected tuber produces Fungal Discases

branched sporangiophores bearing sporangia (Fig. 10.1 h and 1).

P. infestans requires two mating types (+ and -) for sexual reproduction, and because
only one of them is present in most countries the sexual stage of the fungus is rare.
For sexual reproduction the two mating types should grow adjacently (Fig. 10.14).
The female hypha grows through the young antheridium and develops into globose
oogonium above the antheridium (Fig. 10.1B). The antheridium then fertilizes the
cogonium which develops into a thick-walled cospore (Fig. 10.1 C and D). The
oospare germinates by means of a germ tube, which produces a sporangium (Fig.
10.1E). Sometimes germ tube grows directly into a mycelium.

10.2.3 Disease Cycle

The mycelium spreads in the tissues of the potato tubers and reaches a few of the
shoots if the infected tubers are used as seed. The mycelium grows through the stem
and reaches 1he aerial parts of the plant, where it produces sporangiophores. The
sporangia produced on the sporangiophores become detached and are dispersed by
rain. When the sporangia land on wet potato leaves or stem they germinate and
cause new infeclions. The germ tube penetrates (he leaf cuticle or enters through a
stoma, and produces mycelium, which grows profusely between the cells and sends
long curled haustoria into the ceils. The cells on which the mycelium feeds are killed
and as they begin to decay he mycelium spreads into a fresh tissue. A few days after
the infection, new sporangiophores emerge from the stomata of the leaves and
produce numerous sporangia, which are spread by the wind and infect new plants and
the cycle continues. With the advance of the disease the established lesions increase
in area and new ones develop resulting in premature killing of the leaves and reduce
the growth of potalo tubers.

10.2.4 Control Measures

The late blight of potato can be controlled by a combination of sanitary imeasures,
use of resistant varieties and well-timed chemical sprays. The following measures
are helpful:

» use of disease free tubers

o destruction of infecled leaves by spraying sulphuric acid, copper sulphate or
sodium chlorate ’

e delay in harvesting of diseased crop till the plants are fully mature

o digging of tubers in good dry weather and collection of only healthy tubers

e treatment of tubers with mercuric chloride solution before storage

o storage of the tubers in a cool, dry and well aerated place

o spray of Bordeaux mixture, Fytolan and some olher fungicides on the leaves to
prevent the gerinination of sporangia

» use of disease-resistant varieties.

SAQ 10.1

a) Choose Lhe correct answers in (he following
) In India Phytophihora infestans was first reported from
1) Nilgiri hills
2) Darjeeling
3} Chakrata hills

i}y Affected tubers show
1) white blotches
2) red bletches
3) purplish-brown blotches

iii) Phytophthora infestans sporangia are
[} bean-shaped
2) sickle-shaped.
3) lemon-shaped
45
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Plants suseeptible to pusvdery
mildews

Plants aflected

Dezonia, Dablia, Phlox. Cucurbits
L 2reals and Grasses

Lerunes, Crugilers. Cucumber
Blieberries. Uak, Rhododendron
Canialpa, Elm, haple, Oak

\ppie. Pear, Quinee

Apricet, Cherry. Peach, Plum
SITan perry

Gonseberry, Currant

Peach. Rose
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b) Indicate whether the following statements are true or false with regard to
Plytophthora infestans. Write T for true or F for false in the given boxes.

i)  Moist weather checks the growih of late blight disease.
ii) Affected Lissue first becomes water-soaked.

iii) The two mating types + and — required for sexual reproduction
are nol present in a couniry 1ogether.

D000

iv) Oospores germinate to give sporangia or mycetia.

¢) Suppose a farmer wanls your suggestions for controlling further spread of
infection of Pytophthora infestans in polatoes, what measures would you
recommend o him?

10.3 POWDERY MILDEW OF ROSE

The powdery mildew of the rose plant, occurs in the world wherever roses are grown.
The disease appears on roses year after year. It attacks the buds, young leaves and
growing tips of the plants and reduces flower production.

Powdery mildews seldom kill their hos(s but utilize their nulrients. They reduce
photosynthesis, increase respiration and transpiration, impair the growth and reduce
yield. They affect all kinds of plants: cereals and grasses, vegelables, ornamentals,
weeds, fruit trees and shrubs.

10.3.1 Symptoms

The disease appears at first as slightly raised blister-like areas (Fig. 10.2a). Soon the
blisters become coated with a greyish while, powdery fungus growth. As the leaves
expand they become curled and distorted. Similar patches appear on young, green
shoots and buds, which either fail to open or open improperly. When the infection
spreads to flowers, Lhe paris become discoloured, dwarfed and eventually dead.

10.3.2 The Pathogen : Sphaerotheca pannosa

The pathogen that causes the powdery mildew of roses is a distinet form of S
pannosa f. sp. rosae.

The mycelium is white and grows on the surface of the plant tissues. sending globose
haustoria into the epidermal cells of the plant. The mycelium forms a wefl of hyphae
on the surface, some of which develop into short erect conidiophores (Fig. 10.2 b).
At the tip of each conidiophore. egg-shaped conidia that cling together in chains are
produced.

With the coming of the cool weather late in the season conidia production ceases
and sexual stage of the fungus occurs, and cleislothecia are formed (Fig. 10.2 ¢ and
d). However, their role in providing the inoculum for primary infection’in the next
season is insignificant.

The young cleistothecia are at first white, then brown and finally black. In the spring
they are mature and ready for dissemination. The cleistothecia absorb water and
crack open. Each of the ascus in the cleistothecium protrudes its tip, bursts open and
discharges ils eight mature ascospores. The ascospores are blown away by wind (Fig.
e to h}.The ascopores germinate and form mycelium which develops conidiophares (
Fig. 10.2 1 and j)
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Fig. §0.3 : Red Rot disease o suparcanc caused by ) symptums on the siem, b} symploms on the
leal midrib, c) ncervulus, d) conidiopheres hearing conidii. ¢) canidia enlarged. [)
appresorium in germinaling canidin,

10.4.3 Disease Cycle

Sugarcane crop is grown in all seasons, therefore, even a limited survival of the
fungus in the soil may be sufficient to carry over the disease from the crop being
harvested to the newly planted crop. The conidia are short lived but the appresoria
and chlamydospores seem to persist in the soil. Movement of water in the field
easily disseminates these survival structures. Perithecial stage may be the major
means of survival on decaying l2aves and may also be the reason for the sudden and
rapid development of new races of the fungus.

The chiamydospores from diseased canes are tie main source of primary infection.
The secondary infection is caused by the conidia produced in the ascervuli on
diseased shoots and transmitied by insecls, wind and water. When these conidia lal}
on wounds caused by insecls or on young unfolded leaves, they travel down to the
nodal buds and cause infection.

The fungus also affects the midrib of leaves, Red patches with ash-coloured centres
develop on the midrib. Abundant acervuli are produced on these patches. The
conidia lrom these lesions also cause further infection of the crop. There is a
possibility that the acervuli and chlamydospores present in the leaves pass through
(he digeslive system of cattle undamaged and are disseminated when dung is used as
manure.

High humidity, waler-logged conditions, excessive growth of weeds, continuous
cultivation of the same variety in a particular locality, and the presence of susceptible
varieties in the vicinity are some of the laciors leading to the appearance of (he
disease in & healthy crop.

10.4.4 Control Measures

The principal methods of controlling red rol of sugarcanc are listed below.

Fungal Diveases
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i} Use of resistant varicties (it is the most effective method of controlling the
disease).

i) Use of healthy cuttings of sugarcane as seed.

iii} Crop rotation (it helps in minimizing the soil-borne infection).

iv) Field sanitation like removal of weeds.

v) Destruction of trash and other discased material.

SAQ 103

Indicate whether the following statements are true or false. Write T for true or F for
false in the given boxes.

i) The fungus also affects midrib of leaves.
ii) The appresoria and chlamydospores of red rot persist in the soil.
iii) Movement of irrigation water easily disseminates conidia.

iv) Resistant varieties of sugarcane are no gocd in the centrol of
red rot of sugarcane. ’

U OO00

v)  Crop rotation helps in mjnimizing the soil-borne infection,

10.5 LOOSE SMUT OF WHEAT

Loose smut is a serious disease of wheat and other cereals. It occurs throughout the
world and is more severe in moist areas. In India it is present in all wheat-growing
states but its incidence is more in cooler northern parts than in the south. In Punjab
in 1951-52 it caused severe damage to wheat crop and the total loss was around Rs.
30 million. Due to its seed-borne nature the disease is dreaded by sced-growing
agencies who have to adopt a coslly chemical treatment 1o ensure the quality of their
produce.

10.5.1 Symptoms

Loose smut generally dees not produce visible symptoms until the plant preduces
spikes. In an infected plant usuaily all the spikelets and kernels are smutted. The
infected spikelets are completely transformed into a smut mass consisting of black
spores. The spike is at first covered by a delicate greyish membrane, which soon
bursts and sets the powdery spores free. The spores arc then blown off by the wind
and leave the rachis a naked slalk,

10.5.2 The Pathogen: Ustilago tritici

Loose smut of wheat is caused by Ustilago tritici, As you have learnt the disease
spreads through infected seeds. The mycelium is hyaline during its growth through
the plant but changes to brown near maturity. The mycelial cells are transformed
into brown, spherical, echinulate teliospores (Fig. 10.4 a to f). These germinate
readily over stigma of flowers to produce a basidium consisting of one to four celis.
The basidium produces no basidiospores but its cells germinate and produce short
uninucleate hyphae (infection threads) that fuse in pairs to form dikaryotic mycelium
which is capable of infection (Fig. 10.4 g to j).

10.5.3 Disease Cycle

The pathogen remains dormant as mycelium in the cotyledon (sometimes called the
scufellum) of infected kemnel (Fig. 10.4 k). When planted, the infected kernel begins
to germinate, the mycelium resumes its activity and grows intercellularly through the
tissues of the embryo and the young seedling until it reaches the growing point of the
plant (Fig. 10.4 1to 0). When the plant forms the head, and even before it emerges,
the mycelium invades all the young spikeles, where it grows intercellularly and
destroys most of the tissues of the spike except the rachis (Fig, 10.4 a 1o i). By this
time the infected plants become slightly taller, may be due to the stimulatory action
of the pathogen.



The mycelium in the infected kernels is soon tranformed into teliospores, and the
spores are released and blown off to nearby healthy plants. After landing on flowers
of healthy plants teliespores germinate and through formation of basidium produce
haploid hyphae. Afier fusion of sexually compatible haploid hyphae, dikaryotic
mycelium is produced. [t pencirates the stigma of the flowers, reaches young ovary
and gets eslablished in pericarp, integuments, tissue of embryo, before the kemels
become mature. The mycelium then becomes inactive and remains dormant,
primarily in the sculeflum. until germination of the infected kernel.

Mycelium follows
growth of growing
point of planl
intercelluiarly

7 Mycelium invades the spike
and young kernels intercellularly

Mycelial cells

fum i rnels become
-~ Mycelium invades in ke

young seedlings ®

inracelularly Kernels of infected \
Teliospore germinates plants are filled _

teliospores

on flower. Dikaryolic with teliospores
mycelium infects
ovary

_Mycelium overwinters
~, [N the embryo of
7~} infected cereal kernels

Kernel membrane
breaks . lcliospores
blown away by

_ air currenis
Mycelium invades Teliospores land on
parts of embryo flowers of healthy
in seed plants

10.4 : Discase cycle of loese smuts of wheat and barley caused by Ustifago.
10.5.4 Control Measures
Since the disease spreads through seeds. it can be controlled by:

s use af healthy, certified smut free seeds.
s treatment with fungicides before planting the seeds suspected of infection .
» reatment of the seeds wilh hot water. This the best method of disinfecting seeds.

Usually small lots of seeds are treated with hot water and planted in isolated fields to
produce smut-free seeds to be used during the next season.

SAQ 10.4

é) In the following statements choose the correct alternative word given in the
parenthescs. :

Fungal Diseases
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i} Loose smut of wheat is severe in (cooler/hotter) areas.

i) The infected (leafleis/spikelets) are transformed into a smut mass consisting
of black spores.

iif) Mycelial cells in the infected kernel get transformed into (teliospores/
basidiospores).

iv) The disease is passed on to new crops lhrough (infected kernels/
teliospores).

10,6 WHEAT RUSTS

Rust of wheat is prevalent worldwide and affects wheat wherever it is grown. The
rust fungus attacks ali parts of the wheat planis above the ground and causes loss by
reducing foliage and root development. Consequently, the yield ard quality of grain
is affected.

The rust fungi are obligate parasiles. Most rust fungi produce five distinct fruiting
structures with five different spore forms that appear in a definite sequence. Some of
the spore stages parasitize a different alternate host plant.

You learnt in the previous unit that the stem rust of wheat caused by Puecinia
graminis, is a macrocyclic, heteroecious rust fungus. It produces pycnia
(spermogonia) and aecia on the barberry plant and uredia and telia on wheat plant for
completion of its life cycle (Fig, 9.14).

10.6.1 The Pathogen : Puccinia

Wheat crop suffers from three types of rusts;

a) Siem or black rust caused by Puccinia graminis.
b) Stripe or yellow rust caused by Prccinia ghimarum.
¢} Leaf or brown rust caused by Puccinia triticina,

10.6.2 Symptoms

The three rusts of wheat can be identified by the characteristics described below;

Table 10.1: Distinguishing characterislics of three rusis of wheat.

Characteristics Black Rusi Yellow Rust Brown Rust

Time ol appearance [n plains in [n January In Janvary
March-April

Pan altected Stems more severely Leaf most Leaves almost

Presence of
uredia

Types of uredia

Uredospores

Presence ol Telic

Type of Telia

Teliospores

altacked than leaf
sheath and car

On all green parts

Large. elonpated
burst carly

Qval, brown,
echinulate,
J-¢quitorial zerm
pores

Telia on all green
parts, less on
lcal-blade

Telia black. bursi
carly, no paraphyscs
wilh elia

Teliospores, very
thick, round or
pointed at apex,
brown to black

severely altacked

On all green parts

Small, eval, bursl
late

Round, yellow,
echinulate,
6-10 scaltered
germ-pores

On all green pans,
chielly on lower
surface of leaf

' Dull Black in colour,

do not burst through
cpidermis, paraphyses
divide telium inlo
compartments

Often Nattened at
apex, dark brown,
less thick at apex

exclusively attacked

Chielly on upper
surface ol lcal

Small (but bigger than
yellow rust). oval or
round, bursl carly

Oval or round, brght
orange, 34 scatiered
{eTm pores

Chicfly on lower
surface ol leal

Telia are rare. if present
do not burst through
cpidermis, paraphyses
surround the telium

Often more Nanened
al apex, dull black,
less thick at apex

This table is given for reference cnly, you are not expected 10 memorise it.
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10.6.3 Disease Cycle: Puccinia granunis ungal Diseascs

During the winter season the teliospores of the fungus (Fig. 10.5 a) are present on the
wheat debris of the earlier crep. They germinate in the spring, and produce basidia.
Each basidium produces four haploid basidiospores (Fig. [0.5 b). The basidiospores
are forcefully ejected into the air and are carried away by air currents to a few
hundred melres, Ef the basidiospares land on young barberry leaves (alterate host)
they germinate, and penetrate the epidermal cells directly (Fig. 10.5 ¢). Afier that
miycelium grows intercellularly with haustoria entering the cells. Within 3 or 4 days
the hyphae form a mat of mycelia that develops into a spermogenium (pycnidium)
(Fig. 10.5 d). The cutward pressure of the spermogonium ruptures the epidermis and
its ostiole (opening) emerges on the surface of the plant tissue. Receplive hyphae
originaling in the spermogonium exlend beyond the ostiole and spennatia
(pycnospores) exude through the apening. When a spermatium comes into contact
with a receplive hypha of a compatible spermogonium. fertitization takes place (Fig.
10.5 e), The nucleus of the spcrmatium passes into the receptive hypha, but it does
not fuse with the nucleus already present in the receptive hypha. [nstead it migrates
through the monokaryolic mycelium and forms aecial primordium which develap
into aecium on the lower surface of the barberry leaf (Fig. 10.5 f).

Receptive hypha

Spermatia

d

-Sunar & Accium at the
armation ol ST . lower epidermis
basidium o .
Aeclospores
Barberry P

leal’ \
e
g

Urcdospores

Wheat plant

Aeciospores
Uredosorus infect wheat leaves through stomata

—.

i

Viu 15 : Disease cyele of stem rust of wheal caused by Puccinia graminis tritici. 5
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Avcivspane — from Cireek
word Ackin 4 injury 4
spore

The aeciospores are produced in chains on short hyphae inside the aecium. Each
spore contains (wo scparate nuclei of apposite strains (+ and -) (Fig. 10.5 g).
Aeciospores are released in the late spring and are carried away by wind to nearby
wheat plants on which they germinate (Fig. 10.5 h). The germ tbe penetrates [I1e
wheat siem or leaf through stomalta and mycelium grows intercellularly for a while.
Many shon hyphae arise Fr0|n the mycelium and at the tip of each one uredospore
(Fig. 10.5 1) is formed. The growth of uredospores exerts pressure on the lower
epidermis. Finally the cpidermis is broken and several rust-coloured uredospores are
released.

The vredospores arc easily blown away by air currents. When they land on the wheat
plant they germinale and infect the plant through stomata (Fig. 10.5 1). The

mycelium grows interceliularly again, sends haustoria into the plant cells and within
8-10 days i1 pioduces a new uredium and more uredospores. Many successive
infections of wheal plants by uredospores may take place within one growing season
upto the time the plani reaches maturity.

When the wheat plant approaches m'ltunly the uredia produce teliospores instead of
uredospores, Teliospores do not gerntinate immediately and do not infect wheat but
are the resting stage of the fungus. Teliospores also serve as a stage in which fusion
of the two nuclei takes place and after meiosis in the basidium results in the
production of new combinations of genctic characiers of the fungus (Fig. 10.5 b).

10.6.3 Control Measures

*  use of wheat varieties resistant to infection by the pathogen. This is the most
" effective and the only practical means of control of wheal stem rust.

»  cradication of barberry plants in hills. the alternate host of rust fungus and other
plants acting as collateral hosis like some grasses. This step eliminales the carly
season infections on w heat in the arcas where uredospores cannot survive
winler.

» clearing of the field belween the harvest of one season and sowing of (he next,
50 the primary source of infeclion, uredospores will be destroyed .

» application of fungicides such as sulphar, dicklone, and zineb.

® mixed cropping of wheat and barley also helps in controlling the disease.

SAQ 10.5

[. Indicale which of the following stalements are (rie. Write T for true and F for
false in the given boxes,

i) Pycnia are formed on the upper surface of barberry leaves. D
it) Aecia are formed on the lower surface of barberry leaves. D
iii) Spermatia are formed in aecial cup. D

iv) In India the wheat-rust cycle may be compleled by uredospores D
only,

10.7 FUNGAL DISEASES IN HUMANS AND
ANIMALS

Even though more than 1,00,000 species of fungi exist only,about 50 of these are
known to be pathogenic to man In humans the fungal dlseases may be grouped into
two types, superficial mycoses or dermatomycoses and systemic mycoses. The fungi
that cause superficial mycoses frequently spread from animals to man with a few
exceptions like athlete's foot or ringworm infection of the feet which is spread from
person to person in locker rooms, swimming pool ar¢as and other locations. Fungi
that cause systemic infections generally come from soil, végetation or bird droppings
and arc transmitted by air. These infections start from the lungs and spread to other
Qrgans.

Fungal diseases that occur on the nails, skin, hair, and mucous membranes are
referred 1o as superficial mycoses. Many of these fungi cause various forms of
ringworm. These fungi spread radially in the dead keratinized layer of the skin by
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means of branching hyphae. Inflammation of the living tissuc is very mild and only Rl B

a little dry scaling is seen. Normally there is irritation and inflammation at the
spreading edge. The pink circle gave rise 1o the name ringworm. Transmission of
1his disease occurs by direct contact with infected people or animals. Moist skin is
vulnerabie lo fungal infection. e.g, the sweat-laden moisl fect of alhletes get infected
giving the lerm athlere's foot.

The systemic or deep mycoses are often fatal or serious. The organisins invade
subcutaneous tissues or the lungs, from where lhey get established and produce the
disease. Many of them are air-borne and enter the body through the respiratory tract,
The symptoms of some of these systemic mycoses resemble tuberculosis or other
diseases. Therefore, accurate diagnosis of the disease is essential for proper
ireatiment. Some of the commonest diseases caused by dermatophyies in mammals
are ringworm, sporotrichosis, lumpy wool and facial eczema. )

10.7.1 Lumpy Wool |

Lumpy wool also called wool rot, is a condition observed in sheep caused by fungus
Dermatophilis dermaronomus. The fungus attacks the sheep’s skin during wet
wealher. |l causes irritation and formation of a hard yellowish-white scab haif an
inch thick. Healing soon occurs and the wool continues to grow, carrying the hard
material away from the skin. Severe infection may lead 1o loss of waol.

10.7.2 Facial Eczema

Facial eczema in sheep and cattle is seen commonly in New Zealand and Australia.

[t is caused by the fungus Pithonyces chartarum. 1t produces a peisonons substance,
“sporidismin”, which is actually responsible for the discase.

10.7.3 Sporotrichosis

Sporotrichosis is a disease of horse and man. It is caused by Sporotrichim
beurmanni.

The pathogen gains entrance through a scratch or small wound on the skin and forms
painless nodules in the skin. Common sites of the disease are the regions of the
inside of the fetlocks, corenets, inside of thighs. The nodules commence as small
swellings about the size of a pea, which slowly increase in size. Afler a short ime
the surface of the skin in the centre becomes soft. Eventually a very small amount of
pus is formed Ihat escapes on to the hair around which becomes matted and scaly.
Afer the fall of hair a raw-looking uleerated surface remains behind. and is soon
covered wilh a hairless scab.

in about 3-4 weeks healing is complete, except for a small hairless area. but later on
new nodules usually form at a little distance from the original lesion. Horses do not
show any ill-effect due to infection.

The sporotrichosis may be transmitted to man, rat and mouse. The affected animals
should be isolated.

[nternal administration of potassium icdide together with external application of
strong, tinclure of iodide (10 per cent) daily can control the disease.

10.7.4 Ringworm and Favus

These are contagious skin infections, variously named Herpes, Dermatomycosis,
Tinea etc. They are caused by-the growth of fungi which live either upon the surface
of the skin or in the hair of the animals. Ringworm and favus are caused by parasitic
fungi Trichophyron and Micresporim,

Ring Worm

To the naked eye ringsworm appears in the form ofpatchcs of dry, raised, crusty skin
covered with scales or scabs.

(¥
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The fungus lives on the surface of Lhe skin, and infects the hair and the skin. It also
penetrates into the hair follicles. The skin loses hair. In living animals the fiin gus
does not normally produce branched mycelia. Under the microscope it appears like a
string of beads. Each bead is a conidium. In artificial cultures the fungus produces a
lot of mycelia.

Ringworm can be controlled by the following methods:

i) isolation of affected animals,
ii} good sanitation of the place where animals live, and
iif) prevention of contact of diseased pets with children and young people.

The affected animals can be cured by

i) removal of hair from around the lesions.
ii} soaking (he scabs in hot scda and water,
ili) painting the raw surface with tincture iodide.

Favus

Favus affects doas, cats, rats, mice, rabbits and sometimes fowl. [t is characteriscd
by the formation of scales which have a depression in their centre, giving an
appearance suggestive of a favus (honeycomb).

SAQ 10.6
I Fillin the blank spaces with appropriate words from the text:
) i1s a general term applied to disease due to the growth of

fungi in the body.
i) The fungus Pithomyees chartarum causes facial ecczemain .. ..................
iii) The fungus of ringworm lives upon the surface of ................... of
animals and infectsthe ..................
iv) The disease sporotrichosis 0ceurs in ..................cc.......

10.8 SUMMARY

[n this unit you have learnt:

*  The various fungal diseases of economically important crop plants cause damage
to our crop and plant praducls,

*  Each fungai diseasc in crop plants is usually caused by a different fungus and the
symptoms are specific.

*  Plant rusts. caused by certain species of Prceinia are among (he most destructive
of plant diseases.

¢ Plant smuls occur throughout the world, and cause serious grain losses.

*  Species of Plytophthora cause a variely of diseases on many different types of
plants, The best known species is Phytaphthora infestans. the cause of late
blight of potatoes and tomatoes.

10.9 TERMINAL QUESTIONS

[. Give an account of sexual reproduction in Phytophthora infestans.
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2. Name the fungus responsible for causing a powdery mildew discase of rose. R

What are the symptoms of the disease?

4. List various metheds employed 1o kill the mycelium of the “loese smut of
wheat” in the embryo of the grain,

L.

Draw a graphic life cycle of Puceinia graminis tritici.
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10.10 ANSWERS
Self Assessment Questions
10.1 a) i1, i3, )3,
b) F, i)T, T, V)T
¢) Ref. to section 10.2.4
10.2 i)  Sphaerotheca pannosa, i kill,
iii}) white powdery, iv) resistant varieties
10.3 DT, T, i) F, v)F, v T
10.4 i) cooler, i) spikelets, iii) teliospores,
iv) infecied kemels
10.5 i) T, ) T, iii) F, iv) F
10.6 i) Mycosis, ii) sheep and cattle, iii) skin, hair and skin

iv} horse and man.

Terminal Questions

L W R

Ln

Ref. to Section 10.2, Para 2.
Ref. to Section 10.3.1.

Ref. to Section 10.4.3.

Ref. to Sections 10.5.4.
Ref. to Fig. 10.6.
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11.5  Fungal Antibiotics, Drugs and Hallucinogens
11.6  Mycorrhizal Fungi
11.7 Role of Fungi in Plant Disease Management
11.8  Aerobiclogy of Fungi
11.9 Fungal Diseases in Humans
11.10 Summary
11.11 Terminal Questions
1112 Answers

11.1 INTRODUCTION

You studied “Fungal Diseases™ in Unil 10. In this unit we will discuss the positive
and negative roles of fungi in human life. Fungi are of tremendous economic
importance to us. Some fungi such as mushrooms, morels, pufiballs and truffles are
consumed as delicacies or appetisers, while others are used in preparing certain food
items and beverages by ulilising their fermenting ability. The lisl of medicinal and
industrial chemicals obtained from fungi is quite large.

Certain fungi like Newrospora are significant research tools for underslanding
biochemistry and genetics. Fungi are also important tools in biotechnology. In
agriculture fungi help in maintaining the fertility of the soil and for curing diseases
caused by pathogenic microorganisms.

The negative rale of fungi in food spoilage and in causing many diseases in plants,
animals and humans is well-known to us.

Objectives
A fter studying this unit you should be able to:

describe Lhe positive as well as negative roles of fungi in human life,

e appreciate the importance of fungi in 1the production of different food items,
medicines, drugs and industrial chemicals,

o discuss their role in maintaining soil fertility,

« explain the basic principles of integrated pest management technology,

» discuss the importance of aerobiological studies, and

» discuss the fungal diseases found in humans and animals.

Study Guide

Several generic names are given in the unit but you are not expected to memorise
them. You should know a few important ones which will often be talked about here.

11.2 FUNGI AS FOOD PROVIDER

About 2000 species of fungi suitable for human consumption have been reported
from all over the world. Of these about 200 are said to cccur in the Western
Himalayas. Many edible fungi are regarded as delicacies of the table. The
fruclifications of some fungi such as the field mushrooms (dgaricus campestris), the
honey-coloured mushrooms, the fairy-ring mushrooms, the puffballs (Lycoperdon
and Clavaria), morels (Morchellda) and truffles are edible. Though their food value is
not very high they are uscful as appetisers. Yeast and some filamentous fungi are
valuable sources of vitamins of the B-Complex group.

Edible MMushrooms

Plevrotus

Lentrans

Agaricus campesiris
Morchella

Podaxon poduxis
Clavaria
Lycoperdon

59



Fungi

[allucinogens
Drugs causing

hullucinatons {illusion ol

an wbjecl or sense dalm
nul actually present).

60

Edible mushrooms belang 1o the genus Agaricus a member of the group
Basidiomycetes. Its mycelium grows below the ground. After sexual fusion the
tightly compacted hyphae force their way lo the surface and grow into mushroom
caps. Mushrooms come in a great variety of shapes, colours and sizes, Some species
of mushrooms can cause poisoning and death. High on the list of dangerous fungi is
Amanita verna and Amanita phafloides.

Table 11.1 : Feod and Beverages from Fungi.

Organism Product

Saccharemyces cerevisiae Barker's Yeast, wine
Saccharomyces carishergens Lager Beer

Succharomyees roixin Soy Sauce

Canrelidda mifleri Sour French Bread
Pemciftium rogqueforti Blue-Veined Cheeses
Pewmcilinun camemberti Camembent and Brie Cheeses
Aspergibius onzae Sake {Rice-Starch Hydrolysis)
Rinzopus Tempeh

Aliicor Sufu {Soybean Curd)
Monuscus purphrea Ang-Kak (Red Rice)

Twao lungal species, namely Penicillium roqueforti and Penicillium camemberti
provide special flavour to cheese. The cheese varieties produced from them are
known as Roquefort and Camembert cheese.

11.3 FUNGI AS FOOD SPOILERS

Fungi are an important cause of spoilage of stored seeds and grains. Sirains of
Apergitlus flavus and A. parasiticus are found growing on fruits, vegetables, stored
grains, peanuts and other food products commonly consumed. They produce
aflatexins thal cause damage of the liver in humans.

The speeies Claviceps purpnrea produces toxic alkaloids in wheat, barley, rye, oat,
and wild grasses. Consumplion of the contaminated cereals causes illness. The
symploms of the illness can be gangrene of the limbs, violent pains, convulsions,
chills, and hallucinations. It can also cause aboriion in pregnant women.

Alternaria is one of the most prevalent mould that causes spoilage of tomatoes in the
fields, attacking injured or weakened tissues,

L=
Allernaria Aspergillus
Hyssachlamys
{4
Fusarium Geolrichum

Fig. 11.1;: Commnon food spoiling moulds.




Rhizopus stolonifer is a common molds on damp bread that secretes peclinolytic
enzymes. As parasite it often affects apples and other fruit in storage causing a soft
rot. Due to the heat stability of the enzyme, the infection of fresh apricots with R.
stolonifer before canning can cause softening of the canned fruits. Byssoclanys, a
member of ascomycetes also produces strong pectinolytic enzymes. B, fulva causes
spoilage of canned fruit ard fruit juices. It also produces toxins.

Another genus Fusaritm is wide-spread in nature. Its many species are of
considerable importance as plant pathogen. F. monilijforme causes a disease of rice
popularly called “foolish seedlings™, that led to the discovery of gibberellic acid, a
plant growth stimulant, The Frusarium produces toxins, which affeet various animals
and possibly humans. When food is highly infected with Fusarium, the animals
refuse to eat. Geofrichum is another food spoilage fungi. It has been called “dairy
mold” since it is found growing on dairy products. There are many species of
Penicillium, widely distributed in nature and are found growing on many foods.

SAQ 11.1
a) Name three edible fungi.

b) Match the following fungi given in column [ with their role in food spoilage
given in column 2.

Column 1 Caolumn 2
i) Byssochianys fulva a) spoilage of stored seeds and grains
iiy Claviceps purpurea b) infection of canned fruits
iy Geotrichum c) preduction of toxic alkaloids in some cereals
iv) Apergilius flavus d) spoilage of dairy products

11.4 ROLE OF FUNGI IN FERMENTATION

Fermentation technology has really made significant strides and as a consequence a
special branch of microbiology known as “Industrial Microbiology” has developed.
A large number of fungi and yeasts are used in the manufacture of a variety of
industrial products namely ethyl alcohol, and organic acids including amino acids.
Penicillium, Geotrichum, Saccharomyces are being fully exploited by human beings
for manufacturing wire, beer, cheese, and breads. Saccharom yees cerevisiae
(popularly known as Baker’s yeast) has enormous industrial applications. During the
course of alcoholic fermentation for the production of wine, the grape juice is
fermented by vigorous growth of yeast. Soluble sugars (glucose and fructose) are
converted into carbon dioxide and ethyl alcohol.

Aspergillus and Peniciflium are two important fungi, which have remendous
application potential, and are being currently exploited. Strains of Aspergillus are
used in the commercial production of citric, gluconic and gallic acids. Almost all of
the commercial citric acid is produced by 4. nigar growing on sucrose solution. The
fungus also produces amylase and proteolytic enzymes. A proteolytic enzyme of
Aspergiltus is found to clot milk and might work as substitute for rennet in cheese
making.

Table 11.2 : Industrial Chemicals, Amino Acids and Flavour Enhancing Nucleotides,

Organisms Products

Saccharomyces cerevisiae Ethanol {from plucose)

Kluwyveromyces iragitis Ethanol (from lactose)

Aspergiitus miger Citric Acid

Candida utitis Microbial Protein from Paper-Pulp
Waste

Saccharomycopsis lipolytica Microbial Prolein from Petroleum
Alkanes

Rote of Fungi in Human
Wellare
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The fungi of interest in food microbiology are Mucor and Rivizopus. Mucor species
are used in food fermentation. Mucor, Rhizopus and Aspergilfus are used for the
ydrolysis of starch to glucose, which in turn is acted upon by yeast te produce
aleohol . M. pusilius produces an extracellular protease, which has milk-clotting
activity useful in cheese production.

Table 11.3 : Some Fungal Enzymes Uselul in Food Industry

Enzyme . Source Application

Amylases Aspergifius, Riizopus Conversion ol starch to [ermentable
conipenenls in baking, brewing and
syrup manufacture
Clanfication ol [ruit juices
Scrap candy recovery
Vegetable canning

Catalase Aspergilius Decomposilion of HyO; in dairy and epg
praducls
a-Glucosidase Seccharomyces warum Conversion of maltose to glecose in
(maliase) dairy praducts
Glucose isomerase Conversion of glucose to fruclose
in corm syrup
Glucose oxidase Aspergiltus, Penicilliom Conversion of glucose o glucanic acid

Removal ol oxypen from juices or from
head space of conlainers

Invertase Saccharomyces Conversion of sucrose Lo glucose and
cerevisiae, fructose
Canmdide wilis Prevents granulation in sofi-centred
canfeclions

Used in production ol arilicial heney

Lipase Aspergiifus, Rhizopus, Conversion of [at w glycerol and falty
Peniciltium, Candida acids -
Flovour production in cheese
Removal of ege yolk rom epg while

Another very important group of fungi is yeasts. Although yeasts alse spoil food
products cerlain sirains are amongst the most useful ones as they convert sugars to
alcohel and carbon dioxide under anaerobic conditions. Ethy] alcohol is the
important product for brewing industries and carbon dioxide in bakeries. Carbon
dioxide makes the dough rise and become light.

C¢H;:0, ———> CH; CO COOH ———= C,HsOH + CO;
Glucose Pyruvic acid Ethyl alcohol

Saccharomyees aceti found in wine can convert alcohol to acetic acid. Yeasts have a
high content of vilamin B complex and thus dried yeast tablets are prepared to
supplement the vitamins in medical therapy. Schizosaccharomyces is used in the
fermentation of glucose 1o alcohol. Saccharomyces cerevisiae has enormous
application potential in biotechnology. It is grown in a large scale from which
various enzymes and biochemicals are produced for medical and biological research.
In recent years, yeasts are grown on a mass scale on crude mineral oil from the
petroleum industry and are used for feeding cattle.

SAQ11.2
Give the generic'names of the fungi used for the following purposes.

a) for the manufacture of wine, beer, cheese and bread
b) for the production of citric and gluconic acid

¢) clotting of milk

d) hydrolysis of starch to glucose




11.5 FUNGAL ANTIBIOTICS, DRUGS AND
HALLUCINOGENS

In 1929, Sir Alexander Fleming first established the role of fungi in producing

antibiotic substances. He extracted the antibigtic penicillin from Penicitfiuun notatum.

Penicillin is an organic substance lethal to microbes. It is far more effective than
ordinary drugs and germicides. It was the first antibiotic to be widely used during
Second World War.

Penicillin has tremendous industrial application for the production of antibiotics.
Twe species are most common in this regard. P. clrysogenun: {for penicillin) and
P. grisecfidivim (for griseofulvin). It is worth mentioning here that the species

P. notatim from which penicillin was first discovered is not commonly used for
manufacturing penicillin anymere. Today more than 1800 antibiotics are produced
from abeut six genera of fungi. Cephalosporium aeremonium produces potent
antibiotic cephalosporin capable of acting on a wide variety of pathogenic bacteria.

One well — known non-antibiotic use of microbial secondary metabolites relates to
the ergot alkaloids, You have leamnt in section 1 1.3 that Cleviceps pupurea produces
toxins that are responsible for widespread, falal poisoning of people who have eaten
bread made from contaminated grains. Claviceps purpurea produces sclerotia in the
ovaries of the flowers of grasses such as rye. The sclerotium is called the ergot of
rye. Ergot is used in veterinary and human medicine, It contains a mixture of
alkaloids, that cause rapid and powerful contractions of the uterus. The medicine is
thus used to contrel bleeding during childbirth.

Ergot is a rich source of many bicactive substances used by pharmacologisls as
medicines. Synthetic derivatives of ergot alkaloids are used against nervous
disorders, migraine, parkinsonism, and senile dementia.

The'giant pufiball, Clavatia contains an anlicancer substance called cafvacin. The
eating of these fungi prevents stomach tumours.

One of the most powerful hatlucinogens, lysergic acid diethylamide (LSD) produces
psychedelic effects in the human brain. Many mushrooms Conocybe, Psilocybe and
Stropharia from Mexico produce similar hallucinogens- known as psilocin and
psilocybin.

Poisonous mushrooms are also important sources of drugs used for treating human
ailments. Muscarine (from Amanita muscaria) greatly helped in our understanding
ransmission of impulses in nerves,

SAQ11.3

Whicl of the following sets is incorrect? Write it correctly.
1) Penicillium chrysogennm, penicillin, antibiotic

iy Claviceps purpurea, alkatoid, anticancer

it} Clavatia, clavacin, contraction of uterus

) Cephalosporium acremonium,cephalosporin, antibiotic

11.6 MYCORRHIZAL FUNGI

The distribution of fungi is generally confined to the lop 6 — inch layer of soil. Soil
contains a large array of inorganic and organic substances and microbes, particularly
fungi invelved in biological tansformation of various substances, Moulds are quite
important because they can decompose cellulose, protein, and other complex organic
substances. A specialised habitat in soil is constituted by the rhizosphere (lhe
immediate vicinity of plant roots). This is a region of high microbial activity. The
micro-organisms associated with rhizosphere represent an example of mutualistic
interaction because large amounts of sugars, amino acids, and derivatives of nucleic
acids that serve as food for fungi and other organisms are excreted by roots. The
rhizesphere organisms not only degrade complex substrates, but provide nutrients
and sometimes also produce certain plant growth hormones.

Raole of Fungiin Human
Welfare

Demenna

Chronic disorder of the miental
processes marked by memory
disorders, personality changes,
impaired reasoning ¢lc.

Parkinson's discase

A progressive discase of the
nervous systent with Lremor,
muscular rigidity and emanciation.
Also called Parkinsonisms.

Migraine

Recurrent throbbing headache that
usually alfecws one side ol the head.
often accompanicd by nausea and
disturbance of vision,
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¥AM fungi

Glomus fasciculatum
G. geosporim

C. mosseaz
Acadlospora sp.
Emrophaspora sp.
Gigaspora sp.
Sclerocysiis sp.
Scutallaspora Sp.

Mycorrhizal fungi are fungi that grow on the surface of or inside the roots of many
types of plants. including forest wrees. This fungus — root symbiotic association
enhances the plant ability to draw mineral nutrients from the soil,

Vascular — Arbuscular Mycorrhiza (VAM)

Two types of fungal associations with the roots are known. The fungus may
penetrate the upper layers of the root — Endomycorrhiza or may merely form a
covering around the root — Ectomycorrhiza.

A common type of endomycorrhiza is the vesicular — arbuscular type, so called
because of the structures: vesicles or arbuscles develop within the host tisstie. These
fungi do not occur freely in the soil but new plant roots arc infected from spores of
the previcusly infected roots.

Mycorrhiza derive organic carbon compounds like sugars exclusively from the plant
roets, Mineral nutrients are derived from the soil, into which the fungi send long
hyphae. Fungi can solubilise the insoluble “rock phosphorus™ Ca; {PQ4)> which is
present in soils (thus making it available to the plants.

Ectomycorrhiza are widespread, especially on (he roots of irees and shrubs. In
addition to the hyphae that extend out into the soil, the fungus forms a tough sheath
around the root. The sheath stores large quantities of soil — derived nutrients and
carbon compounds that may be used by the plant roots. In soils deficient in nutrients
(denuded wastelands) mycorrhiza supply a major part of the nutrients. Plants
growing in dry. sandy, phosphate- deficient soils in drought-prone arcas, natural
forests and plantation trees, greatly depend on mycorrhiza for their healthy growth.

SAQ 114

a) Rhizosphere organisms are the friends of farmers. Discuss briefly.

b) indicate which of the foilowing slalements are wrue. Write T for true or F for
false in the given boxes.
1) Fungi that grow on the leaves of plants are called mycorrhizal fungt.
i} Mycorrhizal fungi provide phosphorus 1o the pilant.
iii) VAM fungi are ectomycorrhizal fungi.

iv) Tungi are found distributed in the 1op — 6 inch layer of soil.

NN

11.7 ROLE OF FUNGI IN PLANT DISEASE
MANAGEMENT

The objective of plant disease control is to prevent economic losses and increase the
value of the crop. Complete eradication of the pathogen from the field or the
agroecosystem is not desirable both economically as well as ecologically. No plant
disease can be permanently controlied. Nowadays the word “Control” is substituted
with the word “Management™. [t is based on the principle of maintaining the
damages or losses below an economic injury level or at {east minimising occurrence
of a disease above that level. Management also suggests the need lor continuous
adjustments in the crop cultivation system. Disease managemenl is meant 10 increase
productivity of a crop. It is based on the fact that cure of a diseased plant is not
possible because the disease becomes visible only afier injury to the plant has (aken
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place. Therefore preventive measures are very impertant. These prevenltive Welfr

measures jnvolve induction or resistance in the host.

Plant disease management requires management of pathogen, host and environment.
Management of the pathogen involves the praclices directed lo reduce. eradicate and
prevent infection. Management of the host involves the practices directed to improve
plant vigour and induce resistance through nutrition, induction of genctic resistance
through breeding and providing prolection against attack by chemical means.
Management of the environment involves water management, soil management, and
¢rop management.

Many types of insecis, aphids and other animals also attack the crop plants, They nolt
only damage the plants physically by cutting, eating, sucking the sap etc. but also
carry diseasc-causing organisms like bacteria, viruses and fungal spores. Therefore it
is necessary to control the insect population to save the crops. This can be achieved
by using entomopathogens and bioinsecticides.

Entomopathogens may either cause diseases in target insects or may kill them either
by themselves or in combination with chemical insecticides. [t is known that over
500 species of fungi (Entomophthorales) can infect and kill various insects. These
fungi constitute a powerful aiternative method of biologically controlling: various
insects without using chemicals, which are harmful 10 man, domestic animals and
cnvironment.

Microbial insecticides generally produce no adverse environmental or health effects,
[n the USA, mites, beetles, and caterpillars, the pests of crops, stored grains and other
products have been successfully controlled by means of Enromophthora virufenia
and Hinsutella thompyonii. Other important cxamples of fungal entomopathogens
include chytrid and Lagenidium (Oomycele) parasilising mosquitos. Entomophthora
parasitises aphids and caterpillars, and Ferticittium the pathogenic to aphids and
white flies.

11.8 AEROBIOLOGY OF FUNGI

Most of the plant pathogens are airborne. Air currents carty fungal spores to long
distances and depending on the weather conditions infection may spread to large
areas of crops resuling in epidemics.

[n aerobiology, samples of air are collected at frequent intervals and at different
altitudes on glass slides or petridishes containing nutrient agar. When the spores
germinate and form distinct colonies, the individual fungi are identified. [t is
possible to estimate the number of fungi present in a unit volume of air during every
season of a year at a particular place. This information obtained from different areas
lells us when and where a pathogen is released, extent of spread, its infective ability
and seasonal variations. From such data it is possible to forecast and prevent fungal
diseases of crop plants.

The importance of aerobiological studies is illustrated by the work of Dr, K.C. Mehta
on cereal rusts. For inslance the rust spores cannot survive the high temperatures of
summer in the plains of North India, but infeclion appears every year. Dr, Mehta
showed that the infecled wheat plants in Himalayan hills produced uredospores that
were flown by wind currents to plains and infected the standing wheat crop.

Table 11.4 : Some Important Airborne Fungal Discases from India

Fungal diseases Casual organisms
Blast of Rice Pyricularia onzae
Black stem rust of Wheat | Puccinia graminix tritici
Downy Mildew of Cucurbits Peronospora cubensis
Early Blight ot Polate Tomalo Alternaria solani

Crgol of Bajra Claviceps microcephala
Frag eyespol of Tobacco Cercospora nicotianae
Grey Mildew ol Colton Rumidaria arcola

Leal rust of Sorghum Puccinia purpirza 63
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Leal rust of Whent

Leal rust ol surarcane

Leose smut of Wheat

Long smut of Sorghum
Powdery Mildew of Mango
Pov dery Mildew of Foresl trees
Powdery Mildew of Pen
Rust ol Linseed

Stripe of Wheat

. Stripe rust ol Wheat

Tikka Discase of Groundnut

Prucenma reconditi
Ericehi

{istifnga triticy
Todyposparivm filli ferm
Ciclitamn meangi forae
Plivifactima coryiva
Ervsiphe polyponi
Muelampspora lini
Felmnnthosporinm sativiem
Puccinia elumarien
Cercospore archidicola, and

Cercospara personata

SAQS5

Fill in the blank spaces in (he following statements.

1) Insectsand ..................
carry bacteria and viruses.

damage the crop plants and cause diseases as they

ii) The pathogens that cause disease in largeted insecls are called ................._.
iiiy The aerobiology of fungi is very important as il helps to forecast the
.................. abilily of certain Tungi released elsewhere.

11.9 FUNGAL DISEASES IN HUMANS

You are familiar with the devaslating effects of fungal diseases of plants. Fungi cause
many diseases in animals and human beings also. In human beings, fungi can cause

mycoses, allergizs. and loxicoses.

Mycoses are diseases resulting from 1he invasion of living cells by fungi.

Allergies are diseases resulting from the development of hypersensitivity to fungal

antigens.

Foxicoses are illness due to ingesting of toxic fungal metabolites formed in the food
due to fungi. Besides producing toxins, the fungi can also induce host plants to

produce toxic substlances.

Mycotoxins are secondary metabolites produced by fungi and can cause unnatural

changes in the host.

Table I1.5 : Common aliergenic Fungi Found in Air

Afternaria
Aspergifius
Batrytis
Candrda
Claretonim
Cladosporin
Cortictin
Cunidaric
Epicoccmm

F1 tsaritn

Helminehosporuun

Macrosporium
Monilia

Mucaor
Penicillinm
Puliularia
Phoma
Ithodotorufa
Stempiythum
Spondycladitam
Trichoderina

Mushroom poisoning was krown to human beings since ancient times. 1t is well-
known that consumption of cercals infected with Claviceps purpured causes
ergotism. Consumption of fungal infected rice which was imported from other Asian
counlries caused alimentary toxic Aleukia (ATA} in Japan. [t was responsible for the
outbreak of illness called “yellow rice disease”, causing several deaths. The illness
was associated with the infection of rice by Peniciflium istandicum and Penicillium

citrinmm.
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SAQ 11.6 Wl

Match the terms given in column | with their explanation given in column 2.

Column 1 Column 2

(i) Mycoses (a) illness due to ingesting toxic fungal melabolites
formed in the lood

(ii) Toxicoses {b) illness due 10 development of hypersensitivity (o
fungal antigens.

(iii) Allergies (c) diseases resulting from the invasion of living

. cells by fungi. .
(iv) Mycotoxins (d) secondary metabolites produced by fungi that

result in unnatural changes in the host organism.

11.10 SUMMARY

In this unit you have studied thart;

* Fungi are of remendous economic importance to man.

* Quite a few fungi are edible and are consumed as delicacies and appetisers.
Seme fungi are poisonous and may cause death.

¢ - Fungi spoil raw as well as cooked food items. Various type of illnesses may
result if fungi-infected food is consumed.

» Fungi form the basis of many microbial industries. Many important oreanic
acids are produced commercially by the biochemical activities of moulds.
Alcoholic fermentation by yeast is the basis of brewing and baking industries.

e Fungi play an important role in medicine-yielding antibiotics and drugs. and are

- important research tools in the study of fundamental biochemical processes,

*  Mycorrhizal fungi associaled with rools maintain the fertility of the soil.
Fungi are also used in biclogical pest contre! for the management of plant
diseases.

* Some fungi are pathogenic causing crop and fruit diseases..

11.11 TERMINAL QUESTIONS

[.  List the positive and negative roles of fungi in human welfare.

2. List five important products obtained by utilising the fermenting ability of fungi.
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5. DPraw some edible and food spoiler fungi below.
Welfare
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11.12 ANSWERS

Sclf-assessment questions

11.1.a) i) Agaricus campestriy (field mushroom)

11.2

11.3

i) Lycoperdon (puffballs)
ity Morchella (guchi)

by i) b, ii)c iy d, iv)a

a) Saccharomyces sp., Penicilliim sp., Geotrichim sp.
by Aspergillus niger, Saccharomyces aceti

c) Mucor sp.

d)y Aspergilius sp., RIizopus sp.

ii) and iii) are incorrect. The correct sels are:
i} Claviceps purpurea, alkaloid, contraction of the uterus,
ii) Clavatia, clavacin, anticancer.

11.4a) Rhizosphere organisms (micro-crganisms associated with rhizosphere)

11.5

It.6

represent an example ol mutualistic interaction wilh roots. Large amounts of
sugars, amino acids, and derivatives of nucleic acids that serve as food for
bacteria, fungi and other organisms are excreled by rools, and in tum the
organisms degrade complex substrates and provide nutrients 1o plants.
Besides, sometimes they may preduce certain plant growth hormones.

by iy F, ii) T, i) F. iv) T
i) aphids, ii) entomopathogens. iii} infective

i) el iiya, i) b, iv) d

Terminal Questions

Hints:

b2

B L2

Look at the tittles of various scctions and note down important points.

Ref Lo section 114

Ref. to section 11.6

Ref. to section 11.8
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12.1 INTRODUCTION

In this last unit of this block you will study about lichens (pronounced as “lai-ken"),
the organisms which are semewhat unusual in structure. They are composed of
completely two different organisms — green algae or cvanobacleria (blue-green algae)
and coleurless fungal hyphae. The unique feature of fungi in lichens is the ability 10
form lichen thallus which they are incapable of individually. This group of
organisms has a distinct momphology and a special characler. They are found in all
habilats including inhaspitable tropical deserts, polar regions and even on the surlace
of granite boulders. [n such regions they represent pioneer and dominant vegelalion
and are among the oldest living things on earti

[n the following pages you will study the range of structure. anatomy and
reproduction in lichens. We will also discuss the symbiolic relationship between
fungal algal parners. Lichens are ecologically very useful. They are used for human
consumption and for the production oi’chemicals. Therefore in the last section we
will discuss various uses of lichens,

Objectives
After studying this unit you should be able 1o0:

» describe the structure, distribution and anatemy of lichens.
s discuss the various types of reproduction in lichens,

s discuss the algal-fungal partnership in lichens,

» claborate the role of lichens as pioneers of vegelation, and
+ list the various uses of lichens.

12.2 RANGE OF STRUCTURE IN LICHENS

12.2.1 Lichens As Individual Organisms

Lichens represent symbiolic association of a fungal partner with an alga. Although
Lthe fungal component — mycobiont and the algal component — phycobiont can be
grown separately lichen thallus develops only when they are logether. As individual
organisms, lichens show un:que morphological and biochemical characters.

The mycobiont unlike the phycobiont is unique for each species ol lichen. Nearly 98
per cent of lichen fungi are ascomycetes, the rest may have a basidiomyeceles or
deuteromycetes, The morphology of a lichen is belicved 1o be determined by the
fungal partner, Accordingly we have ascolichens. basidiolichens and deuterolichens.

The phycobiont is the photosynthelic partner, which is either a blue-green alga or a
ereen alga.

Now the lerm photebiom is used
irstead ol phycabiont for the
algal partner as the blue-green
algae are in lact prokaryolic
bacleria (cyanobacieria).
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There are nearly 37 algal genera found in lichens. The commonest pariners are green

alaae Trebouxia (Chlorococcales) and — Trentepohlia {Chaetophorales) and the
Cyanobacterium Nosroc. Sometimes more than two or even three algae may be found
in the same lichen. Algae fix carben dioxide by photosynthesis. The blue green algae
in addition fix nitrogen and thus provide nutrition to the mycobiont. Laboratory
studies show Lhat the algal coreponent can be grown in cultures without the fungus
and it does not seem to depend on the fungal partner except for physical protection.
The algal and fungal components of lichens can be separated and cultured in rest
tubes. Most attempls Lo recombine them were unsuccessful initially, However, it has
been possible to reconstruct about 30 species of lichens successfully in the laboratory
(Fig. 12.1).

Mature Lichen

Ascospores

00

0

Puve cultures

N

Clasping hyphae

Association

Fig. 12,1: Diaprammalic representation showing separation and culture of lichen cemponents and
the reconstruction of lichen fran them,

12.2.2 Structure and Anatomy of Lichens
Structure

The plant bedy in lichen is a thallus that lacks diffcrentiation intg stem, roots or
leaves. The thalli are generally round in outline between 1 cm to 30 cm jin diameter.
They may either be scattered cr clustered together occupying a large area of
substrate, Distinct growth forms and colours can identify the type of lichen.

There are three major morphological forms of lichens.

) Crustese forms like Graphi, Lecidea and Haematomma. Thallus is a crust-like
(Fig. 12.2.a) coloured patch growing on bare rocks and tree trunks.

i) Foliose forms gsenera like Parmelia, Peltigera, Collema, Parmotrema and
Gyrophora. Thallus is leaf-like, flat and dorsiventral with lobed or irregular
margins {(Fig. 12.2 b). 1tis loosely attached to the substrate. In cross section it
appears differentiated into layers.

iii) Fruticose forms like Usnea, Cladonia and Ramalina. Thallus is branched bush-
like, shrubby and (Fig. 12.2 ¢ to i} sometimes several metres long hanging from
tree branches. It is internally differentiated into layers.

The majority of lichens are of (he crustose type.



\ . , . Lichens
Besides variable morphology lichens alse show striking colours such as grey, yellow,

orange, yellowish or bluish green, black or while because of the presence of
pigments.

Foliose
Crusiose
¥

Frulicose

Fig. 12.2: Various morphological forms of lichens: a) erustose form — primary thallus of Cladonia
sp-, b) foliosc form — Parmorrema sp., ¢ 10 i) fruticese form — Cladonia sp. (i to c), Usnea
sp. (i to &), Usnea sp. (g), Ramating sp. {h and i). 73



Funed Anatomy

The ability 10 form thallus is a unique feature of lichen fungi. A ventical section of a
foliose lichen when examined under a microscope shows upper and lower cortex
containing lightly packed fungal hyphac and a central medulla of loose hyphac {Fig.
12.3a). Below the upper cortex are algal cells surrounded by fungal tissue forming a
distinct layer. Similar algal layer may also be found cn the basal side, above the
lower cortex. Rhizoids grow from the Jower cortex and autach the thallus to soil,
bark or rocks.

Upper corlex
Upper cortex Algal |
] @ %%3@@@@ peaL” gatlayer
S0 @n@ @( Medulla
-
L% 0990 8o :‘;a 620 Algalzone Lower cortex
)\ BN/,
SN
: = I | hyphal
: "‘,{/;E J e e
-\r//", S
7 d D) 3 Cortex
ESINE 2 X
) =5 ’ v = gal layer
S SIS
OnOeO® @@@@@( Medulla
@ G EO— Lower cortex
o1 (o
9‘9 2 Rhizoid
da
b
Fig. 12.3: Lichen thalli in cross section, (a) crustose (b) foliose {c} fruticose.
SAQ12.1 v

a} [n the following stalements fill in the blank spaces with appropriate words.

i} The fungal partner in lichen is called .................. and the algal

ii) In 98% of the lichen the fungal pariners belongs to ..........occoooeeeennnis

iii} _The algal partner of lichens couldbe ................. L

iv) The upper and lower hyphae of fungal pariners in lichen thallus are called
...................... and the central loose hyphae are called ...................

v) The two most commen algae in lichen symbiosisare ................. and

vi} The cyanobacteria involved in symbiosis in lichen is ..........cc.co.vee. .. .

b) Indicate which of the following statements are true or false. Write T for true or
F for false in the given boxes.

i) The fungal partner of lichen can be grown separately but not the algal
partner.

ii} A single lichen may have 2 or 3 algal partners.

iti) Fungal and algal partners can be cultured in the laboratory separately
and reconstructed into lichen again.

iv) Lichens are not capable of fixing CQ;.

v) When a lichen has Nosroc as an algal partner it can fix CO, as well as
nitrogen.

L0 OO
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12.3 REPRODUCTION IN LICHENS
12.3.1 Vegetative Reproduction

New patches of lichens grow when small pieces of lichen are broken from the main
thallus. In addition, a variety of vegetative structures soredia, cephalodia and isidia
arise from the main thallus containing partners, the phycobiont and the mycohiont,

a) Soredia: Each soredium consisis of algal cells surrounded by fungal hyphae.
These can deveiop into a new thallus (Fig. 12.4 a).

b} Cephalodia: These are dark-coloured gall-like outgrowths of the thallus (Fig.
12.4 b).

¢} Isidia: These are cylindrical finger-like outgrowths on the thallus (Fig. 12.4 ¢).

Besides the above important structures lichens praoduce many other specialised
bodies for vegetalive propagation. It is interesting to note that such structures are
absent in the life cycle of the fungal or algal component when grown separately but
are produced only when they grow together as lichen,
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Fig. 124 : Three types of reproductive structures in lichens: () soredia, (b) cephelodia and {c)*
isidia.

12.3.2 Asexual Reproduction

Various types of asexual spores, oidis, pycniospores and cenidla are produced like
in any fungus and this is the most common method of reproduction.

12.3.3 Sexual Reproduction

Information on this aspect is very limited and is known only in the case of some
ascolichens like Collema. It is very similar to the sexual process of an ascomycete
fungus (recall sexual reproduction in Neurospora, ref. to unit 9, section 9.3.3 of this

block).

The male sex organs are known as spermagonia, which produce small non-motile
male cells called spermatia.

Reproductive structures in lichens are shown in Fig. 12.5. The female sex organs are
called ascogonia, which develop from the medulla of the lichen thallus. The
ascogonium has terminal long multicellular hair like projection called trichogyne

and a basal portion which acts as cogonium. Fertilisation occurs by the transfer of
: 75
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Fungi

Mature lichen

spermatium to the tip of trichogyne after which it passes-down to the basal portion.

A number of ascogenous hyphae (Fig. 12.5 b) are produced which form the ascocarp.
The ascocarp is a dish-shaped — apothecium. Each ascus produces eight

ascospores. Ascospores germinate and when the hyphae come in contact with
suitable algal cells they develop into new lichen thalli.

~— Epithecium

— Hymenium

—— Ascus with ascospores

a

Fig. 12.5; Reproductive structures in lichens: a) apothecin, b) cross section of a (ypicel apothecium.

SAQ 12.2

a) Fill in the blank spaces with appropriate words.

i) The specialised structures in lichens for vegetative reproduction are
...................... TSR - | | [« R

ii} The dark-coloured gall-like outgrowths of lichen thallus that can give rise to
new thalliarecalled ...................... .

ifi} The cylindrical finger-like outgrowths on the lichen thallus that give rise 1o
new thalliare called ..................... .

iv) The asexual spores produced in lichens may be .......... . y et .
OF coeciiienenenaaanns .

v) The sexual reproduction in ascolichens is similarto .................... .

12.4 LICHEN - A MODEL OF SYMBIOTIC SYSTEM

The nature of fungal algal association in a lichen is considered as symbiosis where
both the partners derive equal benefit from each other, also known as mutualism.
Though in some lichen it is observed that the algal cells are penetrated by haustoria
(as in parasitic fungi) they are not killed or weakened. There seems to be a balance
or give and take between the partners.

It has been shown by experiments that nearly 70 to 80 per cent of the total carbon
compounds synthesised by the alga (ribitel, mannitol and arabitol) during
photosynlhesis are passed on to the fungus.

In Peftigera where the algal partner is a cyanobacterium (Vosfoc) which also fixes
nitrogen, in addition to carbon compeunds, the nitrogen compounds like ammonia
are also supplied 1o the mycobiont. However, it is difficult to say what the alga
receives from the fungus in return. Probably the fungal hyphae provide house to the
algal cells and protect them [rom drying, excessive light and other adverse
environmental conditions. The loosely interwoven hyphae of the medulla facilitate
gas exchange for photosynthesis. However, the opinion about the nature of this
association is controversial. Some scientists regard algae as the victims rather than
pariners imprisoned by the fungal tissue. They consider this association as



‘conlrolled parasitism’. Others believe that it is unique and the finest example of ichens

muiualism because of the healthy appearance and long life of algal cells.

12,5 IMPORTANCE OF LICHENS
12.5.1 Ecology of Lichens

Lichens are found growing in many places where other organisms might perish.
They are found on bare recks in (ropical, sub-tropical, temperale and freezing polar
regions. Some are found 1o survive an rocks where temperature may reach 50°C.

Most lichens are slow-growing, at the rate of about 1 mm per year but are long-lived.
[n arciic regions lichen thalli even 4500 years old are found. They have been found
on the highest mountains in Himalayas.

On the newly exposed racks and volcanic regions lichens are the pioneer vegetation
as they are the first 1o inhabit these regions. By their activity they cause (he
weathering of rocks, build up organic debris, and make the surface suitable for the
growth of higher plants. The cyanobacterial lichens contribute nilrogenous
compounds also.

Lichens are mosl abundant in tropical rain foresis. Lichens profusely cover tree
trunks, branches, and leaves of zll plants.

The association between a heterotraphic fungus and a photosynthetic alga is

variously termed mutualism or symbiosis. Such an association is highly successful

and productive in the ecological sense, and this is reflected in the distribution of

lichens in diverse habitats all over the eanh. .

12.5.2 Lichens as Food

[n many inhospilable areas like polar regions, racks and deserts, the only vegelation
available to animals is lichen, Cladonia rangifera, known as reindeer moss is widely
eaten by arctic animals such as reindecr and caribou. Sheep and land snails browse
much on fruticose lichens growing on the soil.

In some countries like the Libyan desert lichen Lecanora is collecied and eaten by
people. In Japan, foliose rock lichen Umbilcaria is eaten as salad. In Iceland and
Lapland many local lichens are consumed as food.

12.5.3 Lichens as Indicators of Pollution

Lichens can absorb not only water vapour from the atmosphere but also various
pollutants including fluoride, ozone, NO;, PAN and herbicides. They are particularly
sensitive to sulfur dioxide and radioactive element strontium and caesium. Nilrogen
fixation is most sensitive to SO; followed by photosynthesis, and tespiration.
Consequently, the size of the thallus is reduced, fruiting is suppressed and the colour
is also affected. Because of this sensitivily, detailed examination of lichens in an
area can determine the degree of aimospheric pollution including radioactive fall-out
during nuclear tesls.

12.5.4 Other Uses of Lichens

The medicinal value of lichens was recognised in folk medicine Iong-ago and is still
being used widely. Lobaria pulmonaria is useful for lung diseases, also Peltigera
canina for hydrophobia.

Many lichen contain antibiotic properties. Usnic acid from Usnea is effective against
fungi, bacteria and other pathogens of man,

Substances obtained from lichens can also control plant diseases tike 1omato canker
and tobacco mosaic virus.

Before the advent of synthetic dyes. lichens were the source of coloured substances
used for dying textiles. Rocelfla, Parmelia, Ochrolechiu, Evernia are some of the
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lichens used for the extraction of dyes like orchil which can be used to gives shades
of red. purple and brown 1o wool.

Oreein, derived from lichens is used in biological laboratories for staining nucleus in
plant and animal cclls. Likewise litmus, the acid-base indicator is extracied from the
lichen Rocelia.

Lichens contain various types of essential oils, which are used in the manufaclure of
perfumes.

SAQ 123

a)

b)

In the following sentences fill in the blank spaces with apprapriate words.
i) Lichens can survive temperature as highas ................ooee
ii) Lichens are slow-growing. They may grow at the rate of about

.................... per year.

iii) In arctic regions lichen thallias old as ................. years are found.

iv) Lichens are sensitive to pollutants like ................. and .......... eeeeens
element .........oooieeninn and caesium.

v) The lichen commonly known as moss reindeer ealen by reindeer, caribou

and sheepis .......oovoeveinnnnia

Indicate which of the following statements are true or false with regards to

lichens. Write T for true or F for false in the given boxes and also write the

correct stalement..

i)  [n some lichens when algal cells are penetrated by fungal haustoria
they get killed.

if) In lichens Lhe algal partner passes carbon compounds to the fungal
partner.

iif) Sexual reproduction in ascolichen is similar to that of ascomycetes
fungi.

iv) The fungal parmer provides food and water 1o the algal partner.

v) In some lichens Anabaena is (he algal partner,

O U

12.6 SUMMARY

In lichens, the heterotrophic non-photosynthetic fungus forms 2 symbiotic
association with green alga or blue-green alga and constitutes a new thallus. The
areen-thallus thus formed has no resemblance 1o either fungus or an alga
growing separately.

Lichens can be identified by their striking colours and distinct growth forms.
Lichen thallus consists of interwoven hyphae which shelter algal cells and derive
nutrition from them. If the fungal partner is a cyanobacterium, it provides
nitrogen nutrition in addition to photosynthates..

Lichens reproduce by special vegetative reproductive structures — soredia, isidia
or cephalodia. The asexual spores formed are oidia pycniospores and conidia. In
ascolichens sexual reproduclion also takes place and it is similar to the fungi:
belonging to ascomyceles.

Lichens are ecologically important and pioneer vegetation. They can colonise
harsh habirats.

Lichens are eaten by arctic animals. In some countries they are used as food for
humans. Dyes and some other chemicals were formerly extracted from lichens.
Lichens are also used for medicinal purposes. .

Lichens are very sensitive to air pollutants and therefore can be used as
indicators of poliution for the area where they grow.

12.7 TERMINAL QUESTIONS

Write the funga! pariners of the following type of lichens
a) Ascolichen -
b) Basidielichen -
¢) Deuterolichens -
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2. Give an example of each of the following morphological types of lichen
1. Cruslose -
2. Foliose -
3. Fructose -
3. Write the various uses of lichen under the headings listed below.
Food :
Medicine
Dyes

5. Name one lichen eaten by human beings.

12.8 ANSWERS

Self-assessment Questions

12.1a) i) mycobiont, phycobiont/photobiont -
ii) ascomycetes
iii) green alga, cyanobacteria
iv) cortex, medulla
v} Trebowxia, Trentepohlia
vi) Nostoc

B () F G) T @{HT Gv)F (» T

12.2 i) soredia, insidia, cephalodia
1) cephalodia
iii) isidia
iv) oidia, conidia, pycniospores
V) ascomycetes

12.32) i) 50°C
ii}) 1 mm
iii) 4500
iv) S0, PAN, radioactive strontium
v)  Cladonia rangiferia 79
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&n

b i) F
i)y T
iiy T
iv) F
v} F

Terminal Questions

1.

Lw 2 bJ

Ln

The fungal partmer would belong to the class

a) Ascomycetes

b} Basidiomycetes

¢) Deuteromycetes

See section 12.2.2

See section 12.5 and list the uses below.

When lichen grow on bare rocks and by their activity weathering of rocks takes
place, Consequenily they build up organic debris which is necessary for the
growth of vegetation.

Umbilcaria.
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GLOSSARY

Basidiospore: A haploid spore produced extemally on a basidium in basidiomycete
fungi. usually after karyogamy and meiosis.

Basidium: An enlarged sexual reproductive cell in basidiomycete fungi in which
meiosis occurs, resulting in the formation of basidiospores.

Clamp connection: In basidiomycete fungi, a loop-like structure that connects
adjacent hyphal cells and is produced during the formation of new cells by the

binucleate hyphae.

Cleistothecium: A spherical ascocarp-type fruting body with no opening in which
asci are produced that occurs in some ascomycete fungi.

Dikaryotic hypha: Binucleate filament of fungal cells arising through fusion of plus
(+} and minus (-) hyphae without nuclear fusion.

Dikaryotic phase: Phase in the life cycle of some fungi, such as ascomycetes, in
which cach cell is binucleale as a consequence of the fusion of plus (+) and minus (-)
livphae.

Haustorium: A structure produced by fungal hyphae that penetrates host cells and is
adapled for the absorption of water. nutrients, and metabolites from lhe host cell.

Kauaryogamy: The [usion of 1wo sex nuclei lollowing the fusion of their protoplasts
(plasmogamy).

Karvekinesis: The process of nuclear division that occurs during mitosis.

Perithecium: A ask-shaped fruiting body ir which asci are produced in ascomycele
fungi.

Pycuidium: A [Nask-shaped structure in which asexuval spores called cenidia are
formed in some ascomycete [ungi and in imperfect [ungi.

Scutellum: An appendage of the embryo of a grass, localed adjacent 1o the
endosperm in the seed.

Spermagoium: A Hask-like struciure that bears small, spore-like spermaua (male
sametes) in some ascomycetes and rust and smut fungi.

Sterigma: A stalk on the outer surface of a basidium which bears basidiosperes in
basidiomycete fungi.

Uredospore: One of many binucleate spores produced in a uredosorus-type fruiting
body in basidiomyceles known as rusls.

Further Reading

Alexapoulos, CJ. and C. W, Minis. 1979, [ntroductory Mycology, third edition,
Wiley Eastern Limited, New De]hi.

Ingold, C.T. 1973, The Blology of Fungi, third cdition, ELBS low-priced
1extbook.

Vashishta, B.R. 1993, Botany (For Degree Studenls), Part [ Fungi, S. Chand
and Company Ltd. New Delhi.
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BLOCK 3 BRYOPHYTA

In the previous Block on Algae you have read that plant life originated in water. Algae
mainly grow in water. During the course of evolution a change from aquatic habitat to
terrestrial habitat occurred and the early primitive land plants evolved. These are known as
bryophyies. Although bryophytes colonized terrestrial habitats but they are still dependant on
water for completion of their life cycle. They produce motile male gametes which require a
thin film of water for their motility. Only in the presence of this film of water male gamete
can reach the non-motile female gamete to accomplish fertilisation, Due to 1his reason
bryophytes are regarded as amphibians of the plant kingdom.

You must have noticed the tiny plants growing on rocks, tree trunks and on forest floors in
hilly regions where these plants are found in abundance. You can also find these planis even
in your locality in the form of green patches on walls of old houses in moist and shady
conditions, especially during rainy season.

In this block you will study about bryophytes in detail. You will learn the changes that
occurred in morphological and reproductive structures as well as in the life cycle during this
shift in habitat. These plants acquired various adaptations to face the challenges posed by the
new terrestrial envircnment. In addition to changes in gametophytic phase of life cycle,
changes also ocourred in the structure and development of sporophyte. In the evolution of
sporaphyte the potentially spo.ogenous tissue was diverted to perform somatic functions.

Besides being important fron the evolutionary point of view bryophytes aiso play an
important ecological role such as pioneers of vegetation. Recently, their potential has been
realised as they are indicators of pollution, mineral deposits as well as heavy metals
accumulation, Besides, this they are used in medicines and horticulture as well.

This block comprises three units. In Unit 13 you will learn about the general characteristics
of bryophytes, and general patterns of their life cycle, The comparative morphology of some
selected species of three classes of bryophytes is also described. You will also learn about
the adaptations of these plants to terrestrial environment.

In Unit 14 we will discuss the process of reproduction, structure and development of
gametangia and gametes in some selected genera of bryophytes. You will also learn abour the
process of asexual and vegetative reproduction in these forms. You will also study general
trends in the evolution of sporophytes of bryophytes.

In Unit 15 we will deal with the ecconomic importance of bryophytes. We will discuss their
uses as medicinal plants, construction material, their role in pollution monitoring and mineral
prospecting,

Objectives

The sruciy of this block should enable you to :

e distinguish bryophytes from other groups of plants,

L list the characteristics of different classes of bryophytes,

e describe the gencral patiern or iive cycle in bryophyies,
]

compare lhe development and reproductive structures in different groups of
bryophytes,
®  describe the evolution of sporophyte in bryophytes and

° enumerale various uses of bryophytes.






UNIT 13 MORPHOLOGY AND ANATOMY
OF BRYOPHYTES

Structure

13.1 Introduction
Objectives
Study Guide

13.2 General Characteristics and Life Cycle
3.3 Adaptations to Land Habit
13.4 Morphology and Anatomy of Bryophytes
- Hepaticopsida
Riceia
Marchantia
Pellia
Anthoceratopsida
Anthoceros
Bryopsida
Sphagnum
Funaria
13.5 Summary
13.6 Terminal Questions
13.7 Answers

13.1 INTRODUCTION

'In Block IB you studied about algal habitats and morphology. You have learnt that algae are
aquatic in habitat. In the course of evolution the first land plants appeared about 400 million
years ago. It is presumed that they have evolved from green-algae. In this unit we will discuss
why algae are thought to be the ancestors of land plants.

Bryophytes are considered to be the first land plants among embryophytes. Exactly how this
happened is not clear because the fossil records are not complete. When there was a shift
from aquatic mode of life to land habit the species had to face many challenges. How could
water and minerals be taken from the soil and transported to parts that are not in contact with
50il? How could the soft bodies keep from drying out? To meet these chailenges there was a
need to develop certain structural modifications. The land plants belonging to various groups
have continued to exist approximately from the Devonian period. This demonstrates that they
are well adapted to their particular niche on land. It is the nature of these adaptations that is
of interest to us in this unit.

In Block JA you have studied the classification of bryophytes into liverworts (Hepaticopsida),
hornworis (Anthocerotopsida) and mosses (Bryopsida). In this unit we will deal with the
characteristic features of each group and describe a few genera belonging to these groups.
You will study how these genera differ from each other and also from the majority of
flowering plants which are so commonly growing around you.

. Objectives
After studying this unit, you should be able to :
[ describe the general characteristics of bryophytes,
® give reasons why algae are considered to be ancestors of the first land plants,
® list the competitive advantages and challenges of terrestrial environment for plants,
® describe the adaptations acquired during move from water to land, and
® describe and compare the morphelogy and anatomy of the following representative

genera belonging to various classes - Riccia, Marchantia and Pellia (Hepaticopsida),
Anthoceros {Anthocerotopsida), Sphagnum and Funaria (Bryopsida).
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Study Guide

Before studying this unit, read chapter 17, Plant Kingdom (Biology Class XI, Part 11, 1990,
NCERT).

13.2 GENERAL CHARACTERISTICS AND LIFE CYCLE

The Division Bryophyta includes the simplest and the maost primitive members of land plants
that lack roots, and do not have a vascular system. There are some mosses that have a
primitive system of tubes that conduct-water and food. The water-conducting tubes are called
hydroids. They have elongated, thick, dead cells and contain polyphenolic compounds. But
they are not lignified like tracheids and vessels (ref. box item 2, Block 4, Unit 17, P 18). The
food-conducting tubes are called leptoids, and they are connected through plasmodesmata.

A single plant is very smalil, hardly a few cm in size. It seldom grows large because of lack
of supporting tissues. Thousands of tiny moss plants often grow together and give a thick,
green carpet-like appearance. The morphology of some common bryophytes is given in Fig.
13.1. Have a good look at them, Can you recall seeing any in their natural habitats?

Bryophytes show two distinct and well defined phases of life cycle, sexual and asexual,
which follow each other. The gametophyte is haploid and produces gametes. The
sporophyte is diploid and produces spores. The haploid generation alternates with diploid
generation (look at Fig. 4.15 and box item |, Unit 4, to recall alternation of generations in
algae). Both the gametophyte and sporophyte may be several centimetres in length but the
gametophyte is the long-lived phase of life cycle. You may note that in other land plants the
sporophyte is the dominant generation. '

The gametophyte may be thalloid (Fig. 13.1 A, B and D) or has an axis differentiated into
stem-like and leaf-like structures (Fig. 13.1 C, E and F) which lack xylem and phloem. You
may note that these leaf-like structures are part of gametophyte, whereas in vascular planls
the leaves strictly develap on sporophyte, The gametophyte is green, photosynthetic and
nutritionally independent, and anchars to the soil by unicellular or multicellular filaments
called rhizoids. Rhizoids appear like roots but unlike roots they lack vascular tissues and
are much simpler in structure.

Now try to list a few points that distinguish bryophytes from algae.
Let us begin
I. All bryophytes are multicellular plants.

Bryophytes are most abundant in moist tropical areas. But they also grow in deserts,
mountains and are observed in parts of Antarctica. In dry areas their growth and activity is
restricted to wet seasons only. Some mosses grow in fresh water streams but they are not
found in sea flora.

Life cycle

We are illustrating here the life cycle of bryophytes taking Funaria as an example. The
gametophyte of Funaria (Fig, 13.2 A) bears two types of specialised multicellular
reproductive organs (Fig.13.2 B and C) cailed the gametangia (gamete holders) which
protect egg and sperm during the development.



The male gametangia, called antheridia (sing, antheridium, Fig. 13.2 B), produce sperms. Morphology and Anatomy
The female pametangia, called archegonia (sing, archegonium, Fig. 13.2 C), preduce eggs. of Bryophytes
The gametangia have outer.sterile layer of cells forming a protective jacket.

Female
/ branch

Fig. 13.1 : Moiphology of bryophytes : A and B) thelloid liverworts - Riccia and Marchantia, C) a lealy
liverworl - Porella, , D) a hornwort - Antheceros, E and F) mosses - Sphagnum and Funaria,

Can you recall whether the gametangia in algae also have an outer protective sterile jacket of
cells?

Bryophytes are cogamous i.e. the egg is larger, nonflagellated and non-motile, and the sperm
is smaller and motile. :
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Germinating spore
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What types of sexual repreduction eccurs in algae?

You may recall that besides oogamy some algae show isogamy and anisogamy.

After fertilisation (Fig. 13.2 D), the sporophyte starts developing inside the archegonium
(Fig. 13.2 E). Itmay grow several centimetres in length, become photosynthetically
sufficient but it draws minerals and water from gametophyte, However, in contrast (o the
sporophyte of all other land plants it never becomes independent of gametophyte. It remains
permanently attached to it, until maturity and senescence. It is wholly or partially dependent
on it for nutrition. Mature sporophyte is differentiated into a haustorial foot, a stem-like seta
and a terminal spore producing capsule (Fig. 13.2 F). In Riccia both foot and seta are
absent, while in others like Sphaghum seta is absent. Within the capsule spores are produced
by reduction division of spore mother cells.

8 branch

Capsul

e
™~ :

Developing
sporophyte

al-Peristome
‘—{"‘:ﬂ‘ ]

Fig. 13.2: Lifecycle of bryophytes : A} n moss plant, B) eatarged antheridium, C) enlarged archegoniym,
D) fermation of zygote Io the archegonium, E) developing sporophyte, F) sparophyte growlng
on gametophyte, G} a capsule, H) a spore, I} germinating spare, J) growing protonema.

The bryophytes are homosporous i.e. spores of any given species are all alike. While
some pteridophytes are heterosporous (they produce two types of spores - microspores and
megaspores). In the next Block on pteridophytes, in Unit 18, you wiil learn about evoiution
of heterospory and seed habit.

A spore represents the first stage of gametophytic generation (Fig. 13.2 H), 1t is unicellular,
haploid and germinates (Fig. 13.2 H,I) to produce a short-lived green protonema (Fig. 13.2 J).



The adult gametophore develops on this protonema. Protonema may be thalloid, globular or
filamentous. The protonema and the adult gametophore are strikingly different from each
other.

An adult gametophyte bears gametangia which produce haploid male and female gametes.
The gametes represent the last stage of gametophytic generation and the zygote represents
the first slage of sporophytic generation,whereas the spore mother cells (diploid) represent
the last. The spore mother cells undergo reduction division to form haploid spores. So, any
stage in the life cycle which is haploid, belongs to gametophytic generation, whereas the
diploid stages belong to sporophytic generation.

Now let us sum up the distinguishing features of bryophytes.

|. They lack vascular system. In some of the mosses a primitive conducting system is
present that transports food and water.

2. The gametophyte is dominant generation and sporophyte remains attached to it. In other
land plants the sporophyte is dominant and independent.

SAQ 13.1

a) In the following statements choose the alternative correct word given in the parentheses.
In bryophyles

(i} the dominant phase of life cycle is (gametophyte/sporophyte).
(i) (rootsithizoids) anchor the plant to the soif.

(i} the protonema is (haploid/diploid).

(iv) the sporophyte is (dependent/not dependent) on gametophyte.

b} Which of the following statements are true and which are false about bryophytes? Write
T for true and F for false in the given boxes.

i)  Some mosses have hydroids and leptoids for the conduction of water |:
- and food, respectively.

ii)  The gametophyte is an independent plant. D

iii) They produce two types of spores. |:

iv) Protonema is the transitional stage between spore and adult gametophyte. I—__ .

13.3 ADAPTATIONS’TO LAND HABIT

You have learnt that most algae are aquatic in habitat. Some algae have adapted to terrestrial
mode of living. Let us now learn about bryophytes which are the most primitive of land’
plants. The move from water to land is not absolute because their male gametes are still
motile and have to swim through a film of water to fertilize the eggs. Hence, in Lhis aspect
they are amphibians like those of the animal kingdom.

In Unit 2 (Block 1 A) you have learnt that some scientists believe that land plants might have
originated from fresh water green algal ancestors of the group related to modem algae such
as stoneworts and coleochaetes. Although there are no fossil records available'to
substantiate this belief, bryophyles share the following structural and biochemical
characteristics with algae that support Giis view.

(i)  The chloroplasts of bryophytes have chlorophylls and carotenoid pigments closely
similar to that of green algae.

(i) The food reserves of both the groups consist mainly of amylose and amylopectin.
(iii) They produce flagellated motile spermatozoids.

(iv) The flagella are of the whiplash type (i.e. they are naked structures; lateral appendages
do not occur (see Unit 2, Block 1B, Fig. 2.6).

(v) Their celi wall contains pectin and cellulose.
(vi) The glycolytic pathway is quite similar in the two groups.

So, there are strong reasons to believe that green algae served as ancestors of bryophytes.

Muorphology and Apatomy

of Bryophytes -



Bryophytes

The move from water to [and offers an organism some distinct competitive advantages as
well as challanges. What could be the advantages of the terrestrial habitat over the aquatic?
Some of the advantages are as follows:

i) greater availability of sunlight for photosynthesis,
ii) increased level of carbon dioxide, and
iii) decreased vulnerability to predation.

If some more points cross your mind, add to this list.

Compare your points with the following;:

1. Plants on land are exposed to direct sunlight and air. Hence there is dahger of drying out
or desiccation because of evaporation. Gametes and zygotes are also susceptible 10
desiccation.

2. The aquatic plants are supported by the bucyancy of water, but on land, plants need
some anchor to fix to the ground and also require support to stand erect.

3. Absorption'ﬁfminera]s and water, and their transporiation to the parts which are not in
contact with soil. In other words, land plants need supply lines for the distribution of
water and nutrients,

4. Effective dispersal of spores at right time and at right place for the survival of progeny,
with the help of hygroscopic structures like elaters and peristome teeth.

You may recall from Unit 2 that plants developed several adaptations that enabled them to
survive on a terrestrial habitat. What are these adaptations? Write them down below.

The adaptations of land plants in general are epidermis with cuticle, stomata, vascular
system, lignified thickening which provide support, sporopollenin, gametes protected by
sterile layer of cells and the nourishment of embryo by the maternal tissues.

We will now discuss these adaptations in detail. Bryophytes are fixed to the soil by.thread-
like, small structures called rhizoids. They are unicellular and unbranched in liverworts but
multicellutar and branched in mossess. They fix the plant 1o the soil and absorb water and
mtinerals from it. You will recall that aquatic algae are totally immersed it water and
therefore do not face this problem. The development of conducting system was an early .
innovation during land adaplation. But the conducting system that developed in mosses is of
very primitive type. Even this primitive type is present only in a few mosses like Pogonatiom :
and Polytrichum. The hydroids transfer water from rhizoids to the leaves at the apex and the
food conducting leptoids transport sucrose. In most other bryophytes external capillary
system takes care of the distribution of water to all parts of the plant body.

As we have already mentioned, mosses are very small plants, most of them being only a few
cm. in length, Can you think why is it so? It is because they possess only a primitive
conducting system which cannot fulfil the need of taller plants.

Now, let us see what type of structural medifications developed to overcome the problem of
desiccation and aeration of (he internal tissue. In all land plants the outer wall of epidermis
is covered with a waler proof waxy cuticle. This layer is imporiant as it protects the

" moisture-laden internal cells from direct contact with the atmosphere and slows down the



wvaporation of water. Moreover, multicellularity offers an advantage as it leads to an Morpholegy and Anatomy
nerease in the volume-to-surface area ratio. In such a body the inner cells are not in direct of Bryophytes
:ontact with the atmosphere, so they are better protected against desiceation.

(o ensure the aeration of the interior tissue, stomata developed which provided a direct
:onnection between the air spaces in the interior lissue and the external atmosphere and also
he route for the diffusion of gases such as CO, and O, in and out of the tissue. Stomala are
ne of the most primitive features of the land plants. They are present in the sporophytes of
\ll bryophytes except liverworts.

30, epidermis, cuticle and multicellular plant body are adaptations to protect the vegetative
»ody from desiccation. To protect Lhe gametes, the sex organs in bryophytes - antheridium
ind archegonium are multicellular and each is covered with a sterile layer of cells which
orms a jacket around the gametes. Fertilisation and subsequent development of embryo
embryogenesis) occurs within the archegonium. The retention of zygote within the
rchegonium js considered an adaptation for life under terrestrial conditions. The
nulticellular matemal tissue called calyptra protects the egg, zygote and the embryo against
he unfavourable conditions of the external environment, especially against desiccation.
similarly, the jacket cells of the antheridium provide a more uniform environment for the
levelopment of the antherozoids and protect them until the conditions are suitable for their
lischarge.

Che embryo ultimately develops into the sporophyte, which normally consists of foot, seta
nd capsule (sporangium). Although in primitive bryophytes like Riccia the sporophyte is
epresented just by a capsule. The capsule contains diploid spore mother cells which
indergo meiosis to produce haploid spores. The sporangium is a multicellular structure and
s considered as one of the basic organs of land plants.

Che spores are protected within the capsule until they are ready for discharge. There was
Uso the need to develop some mechanism, for the dispersal of spores. A mechanism where
Ul the spores were not rcleased at a {ime and did not fall at the same place so as to avoid
-ompetition and to cnsure that at Jeast a few of them survived for the continuity of
reneration.

different genera of bryophytes possess some sort of special mechanism for the dispersal of
pores. But there are a few genera for example Riccia which do not have any special
nechanism. Since we will study representative genera of almost all classes of bryophytes,
ve will also consider how spore dispersal takes place in each of them.

SAQ 13.2

) Listthe main challenges faced by plants when there was transition from aquatic to
terrestrial mode of life.

) In the foltowing statements fill in the blanks with appropriate words.

i) The sex organs in bryopnytes are multicellular and the gametes are protected by
- I ORI ofcells.

ii}  The water conducting cells present in some mosses are called
and the food conducting cells are known as

ii)  Hydroids are functional COUNLEr PATt O w.....cooeevvversmrrresomserecessonsiacssenses but they
AT@...overeees et sessesssss s soesss e emee st ssrsssen

iv)  The substance that provides resistance to a spore and delays degradation is
called ..o e T



Bryophylces

The term moss is somelimes olso

used for cther group of plants.e.p.

reindeer moss is a lichen, spanish
moss 15 &n angiosperm and Irish

moss is a red alga.

Riccia

Division - Bryophyta
Class  -Hepaticopsida
Order - Marchantiales
Family - Ricciaceae

Some of Lhe common Indian
-specics of Riecia arc

Riccia discofor
R. gangetica

R. crystalling
R frostii

The two former species are found
from July to August i.c. in riny
season, whereas lalter 1wo grow

during November-December.

13.4 MORPHOLOGY AND ANATOMY OF
BRYOPHYTES

So far you have studied the general characteristics of bryophytes. You may recall from Uni
2 (Block 1A) that the Division Bryophyta is divided into three classes {a) Hepaticopsida
(liverworts) (b) Anthocerotepsida (homworts) and (c) Bryopsida {(mosses). Let us now
study the representative genera from each class.

13.4.1 Hepaticopsida

The gametophyte of liverworts usually lies close to the ground. There are two forms of
liverworts. In some the gametophyte is dorsi-ventral, thallotd in form with obvious upper
and lower surfaces. These are thalloid liverworts. While in others it is differentiated into
leaf-like and stem-like structures like those of mosses. The latter are known as leafy
liverworts. The leaves of leafy liverworts are without midrib, whereas midrib is presentin
the leaves of mosses. Internally, the gametophytes of liverworts may be homogenous or
composed of different types of tissues. Livenvorts grow on moist ground or rocks thar are
always wet. They can be found in muddy areas near streams. In greenhouses you may find
them growing in flower pots.

In this course you will study two representatives of the order Marchantiales (Riccia and
Marchantia) and one of the order Jungermanniales (Pellia).

The gametophytes of Marchantiales are exclusively thalloid. The order Marchantiales
consists of about 35 genera and approximately 420 species.

We will first study in detail the genus Riccia and then Marchantia.

Riccia

Riccia belongs to the family Ricciaceae which is the most primitive and the simﬁest family
of the order Marchantiales. Riccia has more than 130 species and is very widely distributed.

Most of the species are terrestrial and grow mainly on moist soil and rocks. Riccia fluitans is
an aquatic species. )

In structure Riccia represents the simplest of the bryophytes. Its gametophyte is small green
fleshy, thalloid. It grows prostrate on the ground and branches freely by dichotomy. Several
Riccia plants grow together and take the form of circular patches, which are typically resette-
like (Fig. 13.3 A). The thallus bearing female and male sex organs are shown in Fig. 13.3 B
and C.

The branches of the thallus are called thallus-lobes. According to the species, thallus lobes
are linear to wedge-shaped. The dorsal surface of the thallus has.a prominent midrib,
represented by a shallow groove called the dorsal groove. Al its apex there is a depression
termed as apical-notch. The sporophytes are sunk deeply, in the dorsal groove, each in a
separale caviry. Both maie and female sex organs may develop on the same thailus
(monoecious) or on different thalli (dioecious) (Fig. 13.3 B and C). On its ventral surface
(Fig. 13.3 D) there are a number of slender, colourless, unicellular, unbranjhed processes
called rhizoids that heip to attach the thallus to the substratum. The rhizoids are of two
types: (a) smooth walled - these have smooth walis (Fig. 13.3 E) and (b) tuberculate - these
have peg-like ingrowths of wall projecting into the lumen (Fig. 13.3 F). On Lhe ventral
surface iowards the apex and along the margins of thallus small plate like structures are also
present (Fig. 13.3 D). These are scales which are arranged in a single row and are single cell
in thickness. These scales project forward and overlap the growing point to protect it from
desiccation. The growing point is localed in the notch and consists of a transverse row of 3
to 5 cells. The growth of the thallus occurs in length as well as in width by the divisions of
these cells. Each thallus branches dichotemously and several dichotomies lie close to one
ancther forming a typical rosette.

Internal structure

If we cul a transverse vertical section of the thallus (Fig. 13.3 G, H) we will find that Riccia
thallus shows twe distinct zones corresponding to the two surfaces of the thallus. a) The
upper, green, photosynthetic zone corresponding to the-dorsal surface and (b) the lower,
colourless storage zone, corresponding to the ventral surface. The upper photosynthetic zone
consists of columns of chlorophyllous cells separated by the narrow air channels. Each
column consists of 6-8 celis, the terminal cell of each column is bigger and does not contain
chleroplasts.



n the top view of the thallus we would see only the terminal colourless cells and spaces i.e. Morphology and Anatomy
he pores. In vertical cross section we would see anly a few vertical columns of cells .of Bryophytes
manged in a row, but in fact, there are a number of such columns which could be seen only

a three dimensional view. The air channels are enclosed by 4 or 8 vertical column of cells.

“he terminal end of a channel opens to the external atmosphere through a pore which is

wrrounded by 4 to 8 colourless epidermal cells (Fig. 13.3 I). Pores, though rudimentary,

llow exchange of gases between internal and external environment.

The lower storage zone consists of compactly arranged colourless, parenchymatous cells.
the lowermost layer of this zone bears thizoids and scales. The rhizoids are colourless,
micellular extensions of some superficial cells of mid-rib. The scales are multicellular, but
me celi in thickness. In xerophytic species scales are better developed, longer lived and
:ontain anthocyanin.

Dorsal groove

Apical notfch

Thallus lobe

..
L)

\\.______,..‘:.. ¥
...ﬂﬂﬂ‘nﬂ‘ 3

Fig. 13.3: Morphology and Internal structure of Riccia : A) a rosette of Riccia trichoearpa, BY a female
thallus of R. discolor, C) a male thallus of R. discefor, D) ventral surfice of the thallus, E)a
smooth walled rhizoid, F) a tuberculdte rhizoid, G) transverse vertical seclion of female thallus,
H) G enlarged, ) epidermal cells in surface view from young portign of the thallus. Note that

four cells enclose one air channel. 13



Bryophytes SAQ 13.3
In the following statements about Riccia fill in the blank spaces with appropriate words.
i}  The gametophyte of Riceia grows in patches called  .....o.ooooovveeeeresoo
i)  The two types of thizoids in Riccia are ......oueoeeeeveverorererircsnnn. =\ s

iii) Rhizoids are ..........ccoeroeerccne whereas scales are .............ccorvene... and arranged in
single transverse row,

iv)  Air-channels in the thallus communicate to the exterior by means of v..............o..........

Marchantia Marchantia

Division - Bryaphyta The fan.'lily Marchantiac.eae. to which'MarchanHa be]gngs. i.ncl_udes apout 23 genera and
Class - Hepalicopsida approximately 200 species. The special feature of this family is that in all the aenera the
Order - Marchentiales gametophyte bears archegonia on vertical stalked receptacles called archegoniophore

Family - Marchantiaceas

Archegoniophore

Ur o

A) Morphology of Marciantia poiymerpha: A) thallus witl gemma cups, B) ventral surface of the
thallus, C} a portlon of A colarged, {note the hexagonal markings with a pore in the centre of
each on the surface of the thatlus), D} thallus with antheridiophaore, E) thailus with
archegoniophores, F) smooth walled rhizoids, G) tuberculate chizoids, H) scale enlarged.



{carpocephala). In Marchantia antheridia are also produced in stalked receptacles known as Morpholegy and Anatomy
antheridiophores. The type-genus Marchaniia is placed among the most advanced members of Bryophytes
with about 65 species, of which Marchantia polymorpha is the most widely distributed.

Marchantia usually grows in cool moist places along with mosses and in areas of burnt In India there are about 11
grounds. It is deep green in cotour. Like Riccia its gametophyte is flat, prostrate, specics of Marchantia which
dorsi-ventral and dichotomously branched thallus (Fig. 13.4 A). There is a prominent midrib ﬁ:gﬁﬁymﬂiﬁ-m
which is marked on the dorsal surface by a shallow groove and on the veniral surface by a '

fow ridge covered with rhizoids (Fig. 13.4 B). Alongthe midrib there are a number of cup- M. polymorpha

like smuctures with frilled margins. These are called gemma cups (Fig. 13.4 C) which M. nepalensis .

contain numerous vegetative reproductive bedies called gemmae (sing. gemma). In mature M, paimata (oceurs in South
India, Assam, Bengal and

thalli antheridiophores and archegoniophores, which bear antheridia and archegonia (Fig. Punjab)
13.4 D and E) respectively, are also present at the growing apices of certain branches.

Marchantia is dioecious. Like Riccia the apex of each branch is notched and a growing point

is situated in it. You will note that on dorsal surface the thallus is marked into hexagonal

areas which are visible to the naked eye (Fig. 13.4 C). If we examine with a hand lens we

can see a pore at the centre of each hexagon.

Like Riccia the thallus of Marchantia is anchored to the surface by rhizoids which are of
smooth walled as well as tuberculate type (Fig. 13.4 F and G). Scales are also present on the
ventral surface, but in Marchantia they are arranged on both side of the midrib (Fig. 13.4
B,H).

Internal structure

Look at Fig.13.5 A and B, showing the internal structure of the thallus. When examine
under the light microscope, you will note a high degree of internal differentiation of tissues.
The thallus is divided into two distinct zones :

a) The upper photosynthetic zone corresponding to the dorsal surface and

/Air pore

=~ Air chamber

-
LA

Photosynthetic region
Storage region

— Smooth walled rhizoid

— Scale

~Photosynthetic '
filament _/G OL
Storage cells \ D[
Mucilage - %
containing cells '@Q

Fig- 13.5 : Internal structore of Marchantla ; A) a verlical transverse seclion of a thallus, B) a pertion of
A - enlarged, C) a pore in the surface view. 15



'Brynphytes

FPellia

Division -Bryophyta
Class  -Hepaticopsida
Order - Jungermannizles
Sub-order - Melzgerineae
Family - Pellinccae -

Some common species of Pelliz are

F.epiniplia,
P, endiviasfolla,
P, neesiana,

16

b) the lower storage zone corresponding to the ventral surface.

The upper zone is covered by a single layer of thin walled cells which form the upper
epidermis. These cells contain 4 few chloroplasts. This layer is interrupted by many barrel
shaped pores (Fig. 13.5 A - C). Below the upper epidermis there are a number of air
chambers in a single horizontal layer.

Do you find that pores are specailised in Marchantia?

Actually the pores are the opening of the air chambers. Compare these pores with that of
Riccia (Fig. 13.3 I). What do you find? Are not the pores rudimentary in Riccia?

These air chambers are separated from one another by single layered partitions. The visible

hexagonal markings seen on the dorsal surface are actually the outlines of these air chambers.
Within each air chamber there are usually simple or branched photosynthetic fitaments which
arise from the base of the chamber (Fig. 13.5 AB).

The ventral side of gametophyte is achlorophyllous, parenchymatous and several celled in
thickness (Fig 13.5 B). A few cells of this region contain a single large oil body. Some cells
are filled with mucilage. The lowermost layer forms 2 well defined lower epidermis. Two or
more transverse rows of multicellular scales arise from it. You may recall that in Riccia there
is a single row of scales along the margins. The scales protect the ventral surface and the
growing regions. The smooth-walled and tuberculate rhizoids arise from the ventral surface
between the scales.

SAQ 134

In the following statements about Marchantia fill in the blank spaces with appropriate words.

i)  Marchantiaceae is characterised by the presence of ..., female receplacles.

if) The visible......................... markings on the dorsal surface of the thallus are actually the
cutlines of .........c.c.ccevueeeee... below.

) e filaments are at the base of each air chamber.

iv) Afewcellson the_ ventral surface of the (hallus are filled with ..oovoeeeeeoon, or contain

Peliia

Pellia belongs to the order Jungermanniales. This order is the largest of the Class
Hepaticopsida and includes some 244 genera and 9000 species. The gametophytes of
Jungermanniales may be a simple thallus or differentiated into stem-like and [eaf-like
structures. However, there is almost no internal differentiation of tissues.

Based upon the position of archegonia the Jungermanniales can be divided into two well
defined groups (or sub orders) :

(8) InJungermanniales Anacrogynae (also called as Metzgerineae) the archegonia are
bome on the dorsal surface of prostrate thatlus and the apical celis are not involved in
the formation of archegonia. The sporophytes are dorsal in position.

(b} InJungermanniales Acrogynae the archegonia are borne at the apex of the shoot and the
apical cell participates in the formation of an archegonium. Further vegelative growth
stops and the sporophytes are terminal in position. -

I

Pellia belongs to Family Pelliaceae (also called as Haplolaenaceae) of the Suborder

Met: zerineae. Pellia usually grows in moist places especially by the side of ditches, streams

or springs or even on moist rocks. The gametophyte is a thin, flat and dichotomously

branched thallus and the margins of the thallus show several incisions (Fig. 13.6 A) soit
appears irregular in outline. The middle portion of the thailus is thick, but the margins are
very thin (Fig. 13.6 B). Like Riccia and Marchantia a growing point is situated at the anterior
end in the notch. The ventral surface bears numerous unicellular rhizoids which are all
smooth walled. Scales are absent.



Internal structure Morphology and Anatomy

. o o of Bryophytes
Look at the internal structure of the thallus shown in Fig. 13.6 B, and try to describe it in a

few lines. How is it different from the thallus of Riccia and Marchantia®?

As you can see, internally the thallus is very simple and consists mainly of parenchymatous
cells. The middle region of the thallus is very broad, 8 te 16 cells thick, but at the margins it
is one celled thick. Cells of the wings and the upper layer of midrib contain abundant
chloroplasts, whereas the lower cells of the midrib region contain a few or no chloroplasts.
starch grains are present in all the cells of the thallus. Some cells of the thallus also contain
il. Only smooth walled rhizoids are present.

Fig. 13.6: Pelila: A) a mature garnetophyle with attached sporophytes, B} transverse section of a thallus
showing lnternal structure. Note that the thallus [s many layered in the midrib reglon but single
Iayered al margins.

SAQ 135

In the following statements choose the alternative correct word for Pellia.
i) It belongs to the order (Marchantiales/ Jungermanniales).

i) There is (high degree of/no) differentiation in the gametophyte.

iit}y (Smooth/Smooth aﬁd tuberculate) rhizoids are present,

iv)  Starch grains are (absent/present) in all the cells of the thallus. :



Bryophytes

Anihoceros

Division - Bryophyta
Class - Anthocerotopsida
Order - Anthocerotales
Family - Anthocerolaceae

The genus Anthoceros has about
200 species. Some common Indian
species are;

A. himalayensis, A. erectus, A.
Jusiformis, A, punctarus and A,
{acvis

13.4.2 Anthocerotopsida

The class Anthocerotopsida contains the single order Anthocerotales. We will study
Anthoceros as the representative of this class.

Anthoceros

It grows principally in moist shady places on the sides of ditches, or in moist cracks of racks.
The gametophytes of Anthaeceros are dorsi-ventral, thallose, somewhat lobed or dissected,
and sometimes have a tendency toward dichotomous branching (Fig. 13.8 A).

The thallus of Anthoceros is dark green, velvety on the upper surface and variously lobed.
Does it resemble Pellia in external morphology? Yes, except, that it is not regularly
dichotomous, The midrib is either indistinct or absent. Like Pellig, it also lacks tuberculate
rthizoids and scales. Only smoolh walled rhizoids are present.

Internal Structure

Look at Fig. 13.7 B and note down the special features below.

The most noticeable feature is the presence of special mucilage cavities on the lower surface.
These contain nitrogen fixing filamentous blue-green alga Nostoc. The cavities open to the
outside through stomata-like pores termed as slime pore (13.7 C).

Slime pore

Chicroplast

Nucleus

Pyrenaid

Fig. 13.7: Anthoceros: A) malure thallose gametaphyte with attached sporophytes. Note the shenth at the
base of each sporophyte, B) perition of a vertical iransverse section of thallus showing the cnlarged
mucilage cavitics, antheridia and developing embryo, C) epidermal cells showing slime pore,

D) a part of a section of thallus, E} a cell with a single In'rgc' chloroplast and a single pyrenoid.



What could be the significance of these porés?

Interestingly, you can see cavities even witha hand lens {Fig. 3.7 B).

Unlike Marchantia, in Anthoceros thallus there is no internal differentiation into
photosynthetic and storage zone (Fig. 13.7 D). You can see that the entire thallus is
uniformly made up of parenchymatous cells. The air chambers and air-pores are absent. In
between the lower epidermal cells slime pores are present. Each cell of the thallus contains a
single chloroplast, with a large pyrenoid (Fig. 13.7 E}, a situation unknown elsewhere in the
bryophytes or in higher plants, except in some specics of Selaginelfa. Can you recall where
you learnt about pyrenoids before?

- Well, they are commonly found in algae. Does not this fact suggest that the family

Anthocerotaceae is closer to an algal ancestor than are other bryophytes?

SAQ 16

Fill in the blank spaces with appropriate words.

i) InAnthoceros... e thizoids and .....c.cveimmnimrimmecininnni are absent.

i)

Nitrogen fixation occurs in the thallus of Anthoceros because the filaments of
...................................... are present in the mucilage cavities.

iii) The chioroplasts in Anthoceros resemble algac because they have ...y
iv) The -nthoceros thallus is not differentiated into ......oviriveiencns and .....oveereens
zone.

13.4.3 Bryopsida

This is the largest class of bryophytes and includes about 660 genera and 14,500 species.
Bryopsida is divided into three subclasses: Sphagnidae (peat mosses), Andreaeidae (rock
mosses) and Bryidae (true mosses). Bryidae include about 14,000 species. You will study
the genus Funaria as a representative of this order. Order Sphagnales is represented by a
single genus Sphagnum which includes about 300 species. Let us first study Sphagnum.

Sphagmum

Sphagnum is confined to acidic, water-logged habitat. Itis the principal component of peat
bogs where it forms a more or less continuous spongy layer.

The adult gametophyte develeps as an upright leafy-shoot, called gametophore from a
simple thallose, one cell thick protonema. The gametophore is differentiated into stem and
leaves, The terminal growth of the stem is due to an apical cell. The axis is attached to the
soil by means of multicellular, branched rhizoids wilh oblique cross walls. Rhizoids are
presentonly in young gametophore and disappear when it matures. Afterwards, the
gametophore absorbs water directly.

Look at Fig. 13.8 A, the maturc gametophore consisls of an upright stem bearing leaves.
Every fourth leal of the stem bears a group of three to cight lateral branches in its axil.
These branches are of two types: (i) divergent and (ii) drooping lying next to the stem {Fig.
13.8 B). Sometimes, one of the branches in a lufi continues upward growth to the same
height as the main axis and resemb!zs it in structure. These strongly developed branches are
called innovations and they ultimately get detached and become independent plants. The
branches near the apex of a stem are short and densely crowded in a compact head called
coma.

The leaves lack midrib (Fig. 13.8 C and D). They are small and arranged in (hree vertical
rows on the stem. In the surface view of a leaf one can observe two types of cells :

(i) narrow, living, chlorophyil containing cells and (ii) larze dead, empty, rhomboidal,
hyaline (glass-like, transparent) cells with pores and spiral as well as annular wall
thickenings (Fig. 13.8 E). In transverse scction, leaf shows beaded appearance, with large,
dead hyaline celis regularly alternating with the small, green, chlorophyllous cells (Fig. 13.8
F). The spiral thickenings provide mechanical support and keep the hyaline cells from
collapsing when they are empty.

Morphology and Anatomy
of Bryophyics

Sphagnum

Division - Bryophyla
Class - Bryopsida
Order - Sphagnales
Family - Sphagnaceae

Sphagnum forms peal bogs in
norhem parts of the world. In some
couplrics peat is bumnl as fuel.
Sphagnum is also used in plant
nurseries as packing material, Mats
ol this moss hold moisture and

help the seeds of other planis o
germinate and grow.



Bryophytes The pores help in rapid intake of water and also in exchange of cations for H* ions which are
the metabolic products of Sphagnum. Hence, they create acidic environment in their
immediate surrounding. The hyaline cells take up and hold large quantities of water,
sometimes as much as twenty times the weight of the plant. The narrow chiloroplast
containing cells carry on photosynthesis. In a mature Ieaf these two types of cells are
arranged in a reticulate manner. This peculiar leaf structure accounts for the ability of the
Sphagnum plant to absorb and retain large quantities of water and consequently for its
outstanding bog-building properties. Because of their water absorbing quality they are used
in gardening. You will learn more about its uses in unit 15 of this Block.

5 Y Stem

s
LN

Hyaline
cell

9

Chlorophyli
containing
cell

Fig. 13.8 : Structure and morphology of Spfiggnum : A) a malure gamclophyte with attached sporaphylc at
the apex, B) portion of a shoot showing divergent and drooping (pendent) branches, C) lealof a
dlvergent branch enlarged- Noie the apex. The midrib is absent, D} leafl of the main stem without
midrib, E) leaf cells in surfgce view. Nole the network of chlorophyltous cells, surraunding
porous hyeline cells; also (he fibrillar thickenings of walls ol hyaline cells, F) T.S. of & lcaf.

Internal structure

Look at Fig. 13.9 A, (he stem is internally differentiated into a central cylinder which can be

distinguished into outer and inner regions. The layers ensheathing the cylinder form the

cortex.. When first formed, the cortex is one cell in thickness. Later, ihe cortex of the main

axis becomes four to five cells in thickness and as (hese cells mature they may develop

spirally thickened walls similar to those in hyaline leaf cells. The exterior cells of a central
20 ~ cylinder are thick walled. whereas the interior ones may be thin or thick-walled.



The cortex of the branches is never more than one cell in thickness (Fig. 13.9B). Itis Morphology and Anztomy
composed of two types of celis : (i) the ordinary parenchymatous cells and (ii) retort cells of Bryophytes
(shaped like aretort, Figs.13.9 C and D). The retort cells are formed when some of the cells

of cortex increase in size and their outer walls become perforated at the upper end forming a

circular or ovalhole. This end is slightly narrowed above into a neck which is curved away

from axis giving them retort like appearance. They are dead, empty cells,

As we have mentioned before, the mature gametophore has no rhizoids and water is directly
absorbed by the plant. Water in the stem moves upwards to the apex through cortex in those
species in which cortical cells have pores and spirally thickened walls. In otlier species
movement of absorbed water is by capillarity and by wick-like system of pendent branches
clothing the stem.

The stems are individually weak but they aggregate and gain mutual support and thus can
remain erect above the surface of the water. The stem may vary in size from a few to several
centimetres,

Prosenchymatous
region .

Axial
Cylinder

Cortex

Retort celq

Central region

Fig. 13.9 : Internal structure of Sphagnum : A) T.S. of an old stem, B) T.5. of a brancn, C) T.S. of branch
with retort cells, D) a portion of & branch showlng retort cells, alter leaves are removed.

SAQ 13.7
In the following statements fill in the blank spaces with appropriate words.

1) InSphagnum the leaf lacks midrib and has two types of cells, ....... e eeeens and

ii)  InClass Hepaticopsida the rhizoids are unicellular and unbranched, whereas in Class
Bryopsidathey are.........ococieceeenieneseseescemssenes and ...ccoooeinenninin, e .

i)y Short compact branches at the apex of gametophore of Sphagnum are called
iv) The spiral thickenings of hyaline leaf cells Provide.......oevereeresrrsressemsenes. support
whereas intake of water is facilitated BY .......oov.evereer e rresserens

v} * -The cortex of branches show PECUNIAT .crtet s e cells.
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Bryophytes Funaria

Funaria is a very common moss. It is very widely disiribuled throughout the world. One

Funaria species, Funaria fiygrometrica is cosmopolitan and is the best known of all the mosses.

Like other bryaphytes that you have studied, the most conspicuous form of the moss plant is

Division - Bryophyta : . . . . .
the adult gametophyle. This consists of a main erect axis bearing leaves which are arranged

Class - Bryopsida

Sub-class - Bryidae spirally (Fig. 13.10 A). This adult gametophyte is called gametophore. It is small, about
Order - Funariales

Family - Funariaceac Epidermis

——Sporogonium

Central

Fig. 13.10 : Fuparia: A} mature gamclophore with male and lemale braaches and also o matunee
sporophyte (sporogonium), IE T.5, of stem, C) TS, ol leaf.

72 Fig- 13.11 : Scanning clectron micrograph of moss eapsule {(courisey of P, Dayanandan).



1-3 ¢m high. The leaves do not have a stalk but show a distinct midrib. The gametophore is Morphology and Auatomy
attached to the substratum by means of rhizoids which are multicellular, branched and have of Bryophytes
oblique septae. The gametophyte bears sporophyte which has foot, seta and capsule

(Fig. 13.11).

The gamelophore develops from a filamentous, green short-lived protonema . The protonema
produces buds at certain stage of development, which initiate the development of upright
leafy green axis Lhe gamietophore.

Internal structure

Look at the T.S. of a mature stem in Fig. 13.10 B. It can be distingui'shed into three zones :

. . . : . Leal trace - 2 bundle of vacular
the innermost central cylinder, the middle cortex and the outer epidermis. Cells of the central  isye that enters a leaf from the .
cylinder are vertically elongated, and smaller in diameter than those of the cortex. A fully stem.

mature cortex usually consists of thin walled cells near the central cylinder and thick walled

cells at the exterior. The cortex contains "leaf traces" running diagonally from the leaves to

the central cylinder. The cortical cells in the younger region of the stem usually comtain

chloroplasts. ’

A mature leaf has a well developed midrib. The midrib is several cells in thickness, while the
"wings' on its either sides are formed by a single layer of cells (Fig. 13.10 C). The cells of
leaves are elongated, thin-walled, rectangular or thomboidal and contain chloroplasts. You
may recall the details of leaves in higher plants. Is this leaf not much simpler? The centre of
the midrib is occupied by a small central group of narrow celis which form a simple type of
conducting strand. The stomata are absent.

SAQ 13.8

Which of the following statements are true or false for Funaria? Write T for true and F for
{alse in the given boxes.

i)  Theaduit gametophyte of Funaria is called pametangiophore.

ii) The rhizoids in Funaria are different from Marchantia because in the latter
they are multicellular and have oblique septae.

iii) The wings of the leaf are formed by several layers of cells.

000 o

iv) The leaves have prominent midrib.

13.5 SUMMARY

In this unit you have leamt that

e  Bryophytes are the simplest, primitive non-vascular land plants among embryophytes.
Because of several common characteristics, it is believed that they evolved from green
algae.

®  There is alternation of generations between green independent gametophyte and
sporophyte which is wholly or partially dependent on it. Sporophyte is generally a
small capsule with or without foot and seta. The gametophyte develops from
protonema and bears sex organs - archegonia and antheridia. Bryophytes are
homosporous.

® Thechallenges of land environment for a plant are fixation to the ground, desiccation,
conduction of water and dispersal of sperms and spores. These are taken care of by
developing land adaptations such as epidermis, cuticle, stomata, airpores, rhizotds,
multicellular jacket of cells for the protection of developing gametes, and retention of
zygote in the archegonium. In some bryophytes the primitive conducting tissues -
hydroids and leptoids have also developed.

® The gametophyte of liverworts - Riccia and Marchantia is dorsi-ventral, thalloid
structure and is internally differentiated. The pores on the dorsal surface allow
exchange of gases and are much advanced in Marchantia. While in Pellia the thallus is
very simple internally. The leafy liverworts have leaf-like and stem-like appendages. *
The gametophyte of Anthoceros, is also dorsi-ventral, but is not differentiated
internally. Blue preen algae Nostoc live in mucilage cavities of the thallus and fix .
_atmospheric nitrogen. 23



Bryophytes ' ®  Mosses - Sphagnum and Furiaria have erect axes and bear leaf-like structures. Midrib
is not present in1eafy structures of Sphagnum, while in Funaria leaves are with midrib.
The main axis in both i3 intemally differentiated into different regions.

13.6 TERMINAL QUESTIONS

1. Diagmmmeﬁcally show the life cycle of a bryophyte, and highlight its special features.

2. Listthe characteristics common to green algae and bryophytes.

R

3. Match the genera given in Column 1 with their characteristics given in Column 2.

Column 1 . ' Column 2
) Riccla () a) barrel shaped pore
. it) ‘ Marchantla () - b) rosette
- {ii)  Anthoceros () ' ¢) leaves with midrib
iv}y Sphagnum () d) innovation
v) Funaria ) {) e) Nostoc




4) Indicate whether the following statements are True or False by placing letter T (True) Morpholtgy 2nd Anatomy
and F (False) in the given boxes. of Bryophytes

i) The gametophyte of Anthoceros shows a high degree of internal differentiation. D
ii) A protonema is diploid.

iif) Bryophytes do not require water for fertilization.

0O

iv) Gametophytic stage is dominant in bryophytes.
5) Differentiate between the following :

i) Rhizoids of liverworts and mosses.

ii) Arrangement of scales in Riccia and Marchantia.

jii) Sporophytic and gametophytic generations of bryophytes.

13.7 ANSWERS

Self-assessment Questions
13.1 a) i) gametophyte, ii) thizoids, iii) haploid, iv) dependent.
b) §T, )T, ii)F, iv)T
13.2 a) Fixation to the soil, absorption and transport of water and minerals, desiccation of
aerial parts and gametes, and dispersal of spores.
b} i) sterile layer
ii) hydroids, leptoids
iii) tracheids/vessels, non-lignified
iv) sporopollenin
13.3 i) rosettes
ii) smooth-walled, tuberculate
iii) unicellular, multicellular
iv) rudimentary pores
13.4 1) stalked
i} hexagonal, air chambers
iii) Photosynthetic
iv) mucilage, oil body.
13.5 i) Jungermanniales
ii) no
iii) smooth
iv) present
13.6 i) tuberculate, scales

i}y Nostoc
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iii) pyrenoids -
iv) photosynthetic, storage

137 i} chlorophyllous, hyaline
ii) multicellular, branched
iif) coma
iv) mechanical, pores
v) retort
13.8 )F, iDF, ii)F, iv) T
Terminal Questions
1. SeeFig. 13.2.
2.  Chlorophyll, carotenoid, amylose, amylopectin, spermatozoids, whiplash flagelia,

cellulose,

iy (b), i) (@), iii) (e), wv) (d),
v} (©

iy F,ii) F, iii) F, iv) T,

i) liverworts - unicellular, unbranched
mosses - multicellular, branched
ii} Riccia - ina singie Tow
Marchantia - inmany rows
ili) sporophytic - diploid (2n}, reproduce asexually, dependent upon
gametophyte '
Gametophytic - haploid (n), reproduce sexually, domirant, independent

Note : Elaborate the above points and supplement with figures



UNIT 14 REPRODUCTION AND
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BRYOPHYTES
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14.4  Evolution of Sporophyte in Bryophytes
14.5 Summary
14.6  Terminal Questions

14.7 Answers

14.1 INTRODUCTION

In the previous unit you have learnt about the morphological features of bryophytes, You
have also read that algae are aquatic and bryophytes are first Jand planis. You must have
noticed that during this transition, in the course of evolution from aquatic to land habitat, a
number of changes occurred in the morphological features to adapt to new terrestrial
environment. This shift to terrestrial environment also posed a number of problems in
relation to sexual reproduction.

In this unit you will fearn about the methods of reproduction adapted by these plants to meet

the challenges posed by new environment. We will discuss in detail the structure of sex
organs, development of sperophyte and gametophyte, and also the evolution of sporophyte in
some of the representative genera.

Objectives
After studying this unit you should be able to:
® list general features of reproduction in bryophytes,

e compare structure and development of male and female reproductive organs in
Riccia, Marchantia, Pellia, Anthoceros, Sphagnum and Funaria,

compare structure and development of sporophyte in the above taxa,
enumerate methods of vegetative reproduction in different taxa, and

describe evolutionary trends in the structure of sporophyte in bryophytes.

14.2 GENERAL FEATURES OF SEXUAL
REPRODUCTION IN BRYOPHYTES

Like algae and fungi, in bryophytes also, reproduction takes place either by veg-gtative
methods (include asexual methods) or sexual method.

Vegetative reproduction includes methods such as

1) death and decay of older posterior parts leading to separation of branches forming new
plants, and

fi) formation of gemmae, tubers and adventitious branches.
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In sexual reproduction, the pattern is more or less uniform in all the bryophytes-

In the following account we will learn about the general pattern of sexual reproduction in this
group of plants.

While learning about reproduction in algae, you noticed that in primitive forms the sexuai
reproduction was isogamous. During evolution, other forms of reproduction such as
anisogamy and oogamy evolved. Since bryophytes are advanced in comparison to algae,
they show only cogamous type of reproducticn. You may recall that oogamy involves fusion
of a large, non-motile female gamete with the smaller motile male gamele. -

During migration from water to land, the need of protecting the gametes arose. So the sex
organs developed a layer of sterile cells forming a jacket around gametes. You have leamt
that in bryophytes the male and female reproductive organs are known as antheridia and
archegonia, respectively. An antheridium consists of a single layer of protective sterile cells
enclosing the mass of antherozoid mother cells or androcytes (Fig. 14.1 F}, each of which
gives rise to a single, biflageilated motile antherozoid. The position and shape of antheridia
varies in different species. The archegonium is so characterisiic of bryophytes, pteridophyte:
and gymnosperms, that these three groups are collectively known as the Archegoniatae.

The archegonium is a multicellular, more or less flask-shaped structure. Its swollen basal
portion is known as venter, and the upper elongated portion as the neck. It consists ofan
axial row of cells surrounded by a sterile jacket. The axial row of cells can be distinguished
into neck canal cells (which are variable in number according to the species), a ventral
canal cell (venter canal cell) and a single larger basal cell the egg or onsphere (Fig. 14.2 H).
The archegonium provides nourishment and protection to the egg and after fertilization to the
developing embryo.

In bryophytes the male gametes are ciliated and therefore require water to swim in order to
reach up to the neck of an archegonium and also for their passage through the neck canal to
the venter. A single antherozoid fertilises the egg and the zygote is formed. The zygote
begins to grow at once, and by repeated cell divisions (mitoses) develops into a multicellular
embryo. You may note that there is no resting period for the embryo as in higher plants. You
may recall that in higher plants the embryo remains dormant till the onset of favourable
conditions for germination of seed. '

The embryo is not |iberated, but retained within the archegonium. After fertilisation the
basal portion of wall of archegonium énlarges, becomes multilayered, and forms a protective
envelop around the developing embryo which eventually grows into the sporophyte. The
protective envelop is known as ealyptra. The development of sporophyte is very limited
and the short embryogeny is soon followed by spore formation. The sporophyte or
sporogonium is a simple structure. Unlike other land plants, it is not differentiated into
stem, leaves and roots, Generally, it is distinguishable into a foot, seta and a terminal spore
producing capsule or sporangium. In certain species, seta is absent and more rarely the foot
also. The spore mother cells develop inside the capsule and they represent the last stage of
sporophytic generation. Spore mother cells divide by meiosis to form tetrads of haploid
spores which usually separate before discharge from the capsule. As you have leamt that in
bryophytes, sporophyte has no connection with the soil and it is wholly dependent on the
gametophyte for ils water and mineral nutrients. Since in the majority of bryophytes the
sporophyte has chloroplasts, it is able to photgsynthesise.

In bryophytes spores produced by a species are morphologically similar. Such a condition is
konwn as homospory. In bryophytes, spore has an outer protective coat made up of two
layers: the outer exospore and inner endospore. These haploid spores germinate under
favourable conditions and produce a juvenile or protonemal phase. In liverworts the
protonema is short-lived and soon produces the adult plant. In mosses the protonema
produces buds which develop into leafy gametophores. The gametophyte at maturity starts
developing sex organs or gametangia and the cycle is repeated.



SAQ 14.1

Which of the following statements reparding bryophytes are true or false? Write T for a true
and F for false in the given boxes.

i} Bryophytes show oogamous type of sexual reproduction.

ii)  Ascogonium is the female reproductive organ.

jii)  Antheridium s the male sex organ.

iv)  Bryophytes do not require water for fertilisation.

v}  Sporophyte is differentiated into stem, leaves and roots..

vi)  Sporophyte is dependent on gametophyte for water and mineral nutrients.

vii) The male gametes are biflagellated.

viii) The embryo is retained inside the archegonium. D

14.3 STUDY OF REPRODUCTION IN
REPRESENTATIVE GENERA

You have learnt in the previous unit that Riccia is one of the simplest members of

" bryophytes, so we begin our study with this plant. In the following account you will learn
about the types of reproduction, structure and development of gametangia and details of
sporophyte in this plant.

14.3.1 RICCIA

Vegetative Reproduction

This is the simplest method of reproduction. In Riccia it takes place by the progressive
death and decay of the older parts of the thallus from posterior end. You have learnt that
Riccia shows dichotomous branching (Unit 13, Fig. 13.4 A to C). When decay reaches a
dichotomy two surviving branches become isolated and grow independently, resulting in the
formation of two new thalli. ;

In some species adventitious branches arise from the ventral surface of the thallus, and
separation of these branches results in (he formation of new thalli, e.g. in Riccia fluitans
(aquatic species) such adventitious branches are formed in large numbers.

In some species like R. discolor, at the end of growing season the apex of the thallus grows
down into the soil and becomes thick. 1n the next season it grows up and forms a new plant.
Sometimes in Riccia glauca a young thallus is formed at the apex of rhizoid and in such
cases the tip of the rhizoid behaves like a germ tube and forms a thallus. In species like R.
discolor and R, billardieri, at the end of growing season the thalli develop perennating tubers
at the apices of branches (Fig. 14.1 A). These help in tiding over the unfavourable
conditions and also serve for vegetative reproduction.

Sexual Reproduction

You have learnt that the male and female reproductive orpans are antheridia and archegonia,
respectively. In some species of Riccia both reproductive organs are produced on the same
thallus. Such species are known as monoecious. R. erystalling, R. glavca and R. gangefica
are the examples of monoecious species. Whereas in some species antheridia and
archegonia are borne on separate thalli. Such species are termed dioecious. Examples of
dioecious species are: R. discolor, R. frostii, R. bischoffii, R. perssonii and R. curtisii. You
may recall that on the dorsal surface of Riccia thallus, thereis a conspicuous median
longitudinal furrow. The antheridia and archegonia develop singly inside the thallus along
the furrow (Unit 13, Fig. 13.3 B, C). They are produced continuously and therefore it is
possible to observe all the stages of their development in one thallus. Both antheridia and
archegonia arise in an acropetal manner, i.e. the yoﬁngest is towards the apex of lobe. Ina
monoecious thallus, both antheridia and archegonia are formed in succession.

Reproduction and
Evolutionary Trends
in Bryophytes
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The devel