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Y.S. JAGAN MOHAN REDDY CHIEF MINISTER AMARAVATI
ANDHRA PRADESH

MESSAGE

I congratulate Akadem: for starting 1ts activities with printing of textbooks from
the academic year 2021 — 22

Education is a real asset which cannot be stolen by anvone and 1t 1s the foundation:
on which children build their future. As the world has become a global village. chuldren
will have to compete with the world as they grow up. For this there is every need for
good books and good educanon.

Our govemment has brought in many changes in the education system and more
are to coine. The government has been taking care to provide sducation to the poor
and needy through various measures, like developing infrastructure. upg[admg the gkills
of teachers, pnrﬁ&mg incentives 1o the children and parents to pursue education Nutnnous
of mstructon arsthe staps taken to mmate children into education from a young age.
Besides introducing CBSE syllabus and Telugu as a compulsory subject, the govemnment
has taken up numerous innovative programmes

The revival of the Akademi also took place duning the tenure of our government
as 1t was neglected after the State was bifurcated The Akademi. which was started on
August . 1988 in the undivided state of Andhra Pradesh, was printing text books.
works of popular writers and books for competitive exams and personality development.

Our sovernment has decided to make available all kinds of books required for
students and emplovees through Akademi_with headquarters at Tirupati.

1 extend my best wishes to the Akademi and hope it will regain its past glory,

OR¢

(Y.S. Jagan Mohan Heddy)







Dr. Nandamuri Lakshmiparvathi
MA MPhl PhD.

Charparson, (Cabinet Mmster Rank)

Telugu and SanskrtAkadenmi AP

Message of Chairperson, Telugn and Sanskrit Akademi, A.P.

In accordance with the sylldbus developed by lhe Board of Inlermediale,
State Council for Higher Education. SCERT elc., we design high quality Text
books by recruiting efficient Professors, departmenl heads and [acully members
from various Universities and Colleges as writers and editors. We are taking
sleps lo prinl the required number of Lhese books in a limely manner and
distribute through the Akademi's Regional Centers present across the Andhra
Pradesh.

in addition Lo text books, we strive to keep monographs, dictionaries, dialect
texts. question banks. contact texts, popular lexts, essays, linguistics texts,
school level diclionaries, glossaries, ele.. updaled and printed and made available
to students from time to time.

For compefitive examinations conducted by the Andhra Pradesh Public
Service Commission and for Entrance examinations conducted by various
Universities, the contents of the Akademi publications are taken as standard.
So, 1 want all the sludents and Employees lo make use ol Akademi books ol
high standards for their golden [uture.

Congratulations and besl wishes Lo all of you.

B e —

N.Mmaw/:“ﬁ“

(Nandamuri Lakshmiparvathi)
Chairperson
Telugu and Sanskrit Academi, AP
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dJd. SYAMAILA RAO, 148

Principal Secratary to Government

Higher Education Department
Government of Andhra Pradesh

I 155 A GE [

1 Congratulate Telugu and Sanskrit Akademi for taking up the initiative
of printing and distributing textbooks in both Telugn and English media
within a shori span ol establishing Telugu and Sanskrit Akademi.

Number of students of Andlira Pradesh are competing of National
Level for admissions into Medicine and Engineering courses. In order
to help these students Telugn and Sanskrit Akademi econsultation
with NCERT redesigned their Texibooks lo suil the requirement of
National Level Examinations in a lucid language.

As the content in Telugu and Sanskrit Akademi books is highly
informative and aulhenlie, f}r’hted in multi-coler on high quality paper
and will be made available Lo the students in a time bound manner.
I hope all the studenis in Andhra Pradesh will utilize the Akademi
textbooks for better understanding of the subjects to compele of slate

and national levels.

*

st

(J. SYAMAT ARAQ)
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THE CONSTITUTION OF INDIA
PREAMBLE

WE. THE PEOPLE OF INDIA. having
solemnly resolved to constitute India into a
[SOVEREIGN SOCIALIST SECULAR
DEMOCRATIC REPUBLIC] and to secure to all

JUSTICE. social, economic and politieal:

LIBERTY of thought. expression. belief, faith

and worship:

EQUALITY of status and of opportunity; and

to promote among themall

FRATERNITY assuring the dignity of the

mndividual and the [unity and integrity of the

Nation];

IN OUR CONSTITUENT ASSEMBLY this
twenty-sixth day of November. 1949 do HEREBY
ADOPT. ENACT AND GIVE TO OURSELVES
THIS CONSTITUTION.
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FOREWORD

The Governmenl of India vowed lo remove the educational disparilies and

adopt a common core curriculum across Lhe couniry especially al the
Intermediale level. Ever since lhe Governmenl of Andhra Pradesh and the

Board of Intermediate Eduecation (BIE) swung inlo acbon with the task of
evolving a revised syllabus in all the Science subjecis on par with that of
COBSE, approved by NCERT. ils chiel intenlion being enabling the students
from Andhra Pradesh 16 prepare for Lhe Nalional Level Common Entrance
tesls like NEET, ISEET etc lor admission inlo Instilulions of professional
courses in our Counlry.

For the first time BIE AP has decided to prepare the Science textbooks.
Accordingly an Academic Review Commiitee was constituted with the
Commissioner of Intermediate Education, AP as Chairman and the Seeretary,
BIE AP the Director SCERT and the Director Telugu Akademi as members.
The National and State Level Educational himinaries were involved in the
textbook preparation, who did it with meticulous care. The texthooks are
printed on the lines of NCERT maintaining National Level Standards.

The Edueation Department of Governmenl ol Andhra Pradesh has taken
a decision Lo publish and o supply all the lext books wilh free of cost for Lhe
students ol all Government and Aided Junior Colleges of newly formed stale
of Andhra Pradesh,

We express our sincere gratitude (o the Director, NCERT for according
permission lo adopt its syllabi and curriculum of Science texibooks., We have
been permiited to make use of their textbooks which will be of greal advantage
lo our student community. | also express my gratitude to the Chairman, BIE
and the honorable Minister for HRD and Vice Chairman, BIE and Secretary
(SE)} for their dedicated sincere guidance and help.

I sincerely hope that the assorted methods of innovation that are adopted
in the preparation of these textbooks will be of great help and guidance to
the studenis. | wholehearledly appreciate the sincere endeavors of the
Textbook Development Commitiee which has accomplished this noble task.







(PREFACE |

Biology in relation Lo plants lermed ‘Bolany” as distinetive discipline of science
has pervaded every walk of life, It is an indispensable area ol human knowledge
for the scientific and technical growth in biology. Further, in the present scenario
of indian educational system. senior secondary stage or its equivalent (Intermediate
clan in the Slale of AP) is a crucial step lor studenls Lo choose and continue
academic and professional career in biology al tertiary level. Hence students
need to be prepared adequalely Lo make (hem highly competitive and fully equipped
to meet the challenges of life when they enter the world of work. In an attempt Lo
achieve the above said objectives, the present lext book of Bolany has been prepared
as per Lhe prescribed syllabus by adopting NCERT Biology Text Books of Class X1
and Class XII and afler ellecting necessary modifications in the conlenl as per
loeal requirements.

The first Unit deals with diversity of living world and it comprises four
chaplers. In Lhe firsl chapler salienl [ealures, identification and nemenclalure of
life forms are included. In Chapter 2. the development of biological classification
system and distinctive characteristics of Kingdoms Monera, Protisla and Fungi of
Whiltaker system of classificalion are provided. The chapler 3 deals with the
origin of Botany as distinet discipline of biology, its development. scope and division
into branches. In chapter 4, distinctive characteristics of different groups under
the Kingdom Planlae viz. Algae, Bryophytes, Pteridophyies, Gymnosperms and
Angiosperms are discussed.

The Unit I consists of Chapler 5 and deals with description and diversity of
gross morphological [eatures ol [lowering planils which form basis for further
studies in plant reproduction. taxonomy. physiology and evolutionary biology.
The Unil I includes lwo chaplers in which a general account of the mode of
reproducton and iis diversity in bacleria, lungi and green plants are described in
Chapter 6. whereas in Chapter 7 of this Unit the nature and development of
structures and as well the processes associaled with sexual reproduction in
Nowering planis are discussed. Unitl IV includes Chapler 8 and il deals with
basic aspecis of plant Classification systems. technical description of flowering
plants and characleristics of selected families. Unil V comprises three chaplers
and il deals with structure of cell and ils constituenis in Chapler 9, general
account of macromolecules in Chapter 10 and eell eycle in Chapter 11. In Unit VL
comprising Chapter 12, Lhe inlernal structure and functional organisation of
Nowering planis are described. Unit VII relales lo planl ecology and il includes



findamenlals of plant communities and their ecological adaplations, plant
succession and ecosystem services.

In this Text Book each uniit begins with an overview of the contents dealt
within lhe chaplers included in il. A summary is given al Lhe end of every
chapler to provide an easy access for Lhe student to make a comprehensive
review after going through the chapler. The texl is careflully prepared using
suitable and commonly available examples and with plentilul coloured illustrative
figures Lo motivate students o take a lively interest in the subjecl and as well
in the learning process. Interdependency of chapters has been emphasized
wherever possible and linkages among them have also been made lo establish
continuily in learning process. Revision questions have been given al the end of
every chapter for sell assessment by students and to test their learning ability.
Glossary is alse included at the end of each chapler lo [acilitale studenls for
their quick reference and an easy understanding of scientific / technical terms
used in the particular chapter. We hope that the scientific scope and style of
preparation of this text book will stimulate in studenis a spril of inguiry, power
of critical observalion and an ability to understand [acts and perceive broad
concepls.

One importanl precaulion lo students is thal Lhey should read Lhis book
thoroughly with an analylical approach. Straight forward/ ready answers to
some of Lhe model questions included may nol be available in the material of
the book. Answers/ selutions to such questions could be oblained by a thorough
reading of the matter together with analytical thinking and with the help of the
teacher. Such model questions are included in this book with a good intention
of inculeating the habil of analytical thinking in Lhe students.

It has been a pleasure working with the members of Text book development
commiliee and the authors, who are lalented, dedicaled, cooperative and critical
in their views, We gratefully thank all of them for their diligence and valuable
contributions in preparing this Text Book.

Dr. G. Rajendrudu

Dr. M. V. Subba Rao
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Dwversity in THE Living WorLD

CraAPTER 1

The Living World

CHAPTER 2

Biolegieal
Classification

CHAPTERS

Science of Plants-

Botanw

CHAPTER 4
Plant Kingdom

Biology-is-the science of life forms and living processes. The
living world comprises an amazing diversity of living organisms.
Early man could sazily perceive the difference betwean
inanimate matter and lving organisms, Early man deified some
of the inanimate matter (wind, sea, fire eic)] and some among
the animals and plants. A common feature of all such forms of
inanimate and amimate objects was the sense of-awe or fear
that they evoked. The description of living organisms inchiding
human beings began mach later in human history. Societies
which indulged in anthropocentric view of biclogy could
regicter limited progress in biological knowiledge. Systematic
and monumental description of life forms brought in, out of
necessily, detailed systems of identification, nomenclatire
and classification. Living organisms share similarities among
themsslves both horizontally and wertically. That all pressnt
day living organiems are related to each other and also to all
organisms= that ever lived on this sarth, was a revelation which
humbled man and led to cultural movements for conservation
of biodiversity. In the following chapters of this unit, you will
gut & description, including classification, of organisms from
a tEsonomist’s perspective.



Ernst Mayr (1304.2004)

Ernst Mayr, the Harvard University evolutionary biclogist who
has been called “The Darwin of the 20th century®. was one of
the 100 gréatest scientists of all times. He almost single-
handedly made the origin of species diversity the central
guestion of evelutienary biclogy that it is today.



biuersr'!}f in the Lhﬁ’ng Worid

1.1 Whatis ‘Living’?
3 Dl

. .m“ ) o ml-m- £ ;
1.4 Taxonomical Aids

How wonderfiil is the living world! The wide range of
living types is amazing, The extraordinary habitats in
which we find living organisms, be it cold mountains,
deciduous forests, oceans, fresh water lakes, deserts or
hot springs, leave us speechless, The ecological
conflict and cooperation amongmembers of a population
and among populations of a community or even the
molecular traffic inside a cell make us deeply reflect on
- what indeed is life?

1.1 Waar 15 ‘Lving’?

When we try to define ‘hving’, we conventionally
look for distinctive characteristics exhibited by living
organisms. Growth, reproduction, ability to sense
environment and mount a suitable response, merabelism,
ability to self-replicate, self-organise, interaction and
emergence are some unique features of iving organisms.
Letus try to understand each.

All living organisms grow. Increase in mass and
increase in number of individuals are twin
characteristice of growth. A mmilticellular organism grows
by cell division. In plants this growth by cell division
occurs continuously throughout their life span. In



animals, this growth is seen only up to a cerfain apge. Howevar, cell division ocours
in certain tissues to replace lost cells. Undcellular organisms &lso grow in size until
they divide by cell division. One can easily observe this in in ¢itro cultures by simply

counting the number of cells under the microscope. Non-living objects also grow.
Mﬂtmtajhs, boulders and sand mounds do grew. Howsewver, th-::S kind of growth
exhibited by non-living objects is by accumulation of material on the surface. In
living organisms, growth is from inside, Growth, therefore, cannot be taken as a
defining property of living organisms. A dead organism does not grow.

Reproduction, likewise, is a characteristic of living organisms. In muilticellular
organisms, reproduction refers to the production of progeny possessing features more
or less similar to those of parents. Organisms reproduce sexually and by asewual
means alsc. Fungi multiply and spread easily due to the millions of asexual spores
they produce. In lower organisms like yveast and Hydra. we observe budding. The
fungi, the filamentous algae, the protonema of mosses, all easily multiply by
fragmentation. When it comes to unicsllular organisms like bacteria, unicellular algae
or Amoeba, reproduction is synonymous with growth, i.e., increase in mumber of
cells. In single-celled organisms, we are not very clear about the usage of these
two termis — growth and reproduction, Further, there are many organisms which do
not reproduce (mules, sterile worker bees, infertile human couples, etc). Hence,
reproduction also cannot bean all-inchasive defining characteristic of living organisms.
Of course, no non-living object is capable of reproduction.

Another characteristic of life is metabolism. All living crganismes are made of
chemicals, These chemicals, small and big, belonging to various classes, sizes,
functions, efc., are constantly being made and changed into some other
biomolecules. These conversions are chemiral reactions or metabolic reacticns,
There are thousands of metabolic reactions eceurring simultanecusly inside sil
living organisms, The sum total of all the chemical reactions occurring in the body
of a lving crganism is metabolism. All plants, animals, fungi and microbes exhibit
metabolism. No non-Hving object exhibits metabolism. An isolated metabolic
reaction(s) outside the bﬁ]ﬂ.}".ﬂf an organism, performed in a test tube is not a living
thing but surely z living reaction. So metabolism is a defining feature of all
living organisms without exception. Hence, cellular organisation of the body
required for metabolism is the defining féature of life forms.

The most obvious and techiically complicated feature of all Hving organisms is
the ability to sense their surronndings or environment and respond te these
environmental stimuli which could be physical, chemical or biological. This
responise to environmentsl stimuli is called irritability. We sense our environment
through our sense organs. Plants do respend to external factors like Hght. water,
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temperature, other organisms, pollutants, etc, Photoperiod affects reproduction in
seasonal breeders, both planis and animals. All organisms are ‘aware’ of their
surroundings and this is called consciousness. Consciousnsess therefore, becomes
the defining property of living organisms. Human being is the only one who is aware
of himself, i 8., has self-conscionsness.

When it comes to human beings, it is all the more difficult to define the pointers
to the living state. We observe patients lying in coma in hospitals virtually supported
by machines which replace heart and lungs. The patient is etherwise brain-dead.
The patient has no self- consciousness but still he is living.

All living phencrena are dile to underlving interactions. Properties of tissuses
gre not present in the constituient cells but arize az a result of inferactions Aameng
the constituent cells, Similarly, properties of cellular organelles are not present
in the molecular constituents of the organelle but arise as = result of interactions
among the molecular components comprising the organelle. Such underlying
molecular interactions are alsc @pparent in mﬁﬁ'nmniemx._’!&s_ such as starch. These
interactions result in emerpent properties at a higher level of organisation. This
phenemenon is true in the hierarchy of organisational complexity at all levels.
Therefore, we can say that living organisms are self-replicating, evolving and self-
regulating interactive systems capable of responding to external stirnuli. All Hving
organisms — present. past and future, are linked to one another by the sharing of the
common genetic material, but to varying degress.

1.2 DwersiTy In Tee Lving WoRrLD

We see a large variety of living organisms ground us, potted plants, insects,
birds, pets or other animals and plants. Thers are also several organisms that we
cannot see with cur naked eye but they are all around us. If we were to increase the
-area that we make observations, the range and variety of organisms would also
increase. If we were to visit a dense forest. we would probably see & much greater
number and kinds of living organisms in it. Each different kind of plant, animal ar
any organism represents a species. The number of species that are known and
described ranges hetween 1.7-1.8 million. This refers to biodiversity or the number
and types of organisms present on earth, We should remember here that as we
explore new areas, and even old ones, new organisms are continuously being
identified. ' '

Identification — Nomenclature

We know the glants and animals in our own area by their local names. These
local names would vary from place to place. even within a country. Such situations



lead to a lot of confusion. Hence, there is a need to standardice the naming of living
orgaiisms-such that & particular organism is kneovwmn by the same name all over the
world. This process is called nomenclature. Thus nomenclature is providing a

scientific name to an identified organism. Nomenclature is only possible when the
organism is described correctly -and accurately identified. Identification is to
determine whether a collected organism is entirely new or already kmown. In plants,
identification can be done by directly comparing the characters with an authentic
herbarinm specimen or indirectly with the help ef keys in floras.

For plants, scientific names are based on agreed principles and criteria, which
are provided in International Code for Botanical Nomenclature (ICBN). The scientific
names ensure that each erganism has only one name. Description of any organism
should enable the people all around the world to arrive at the same name. Theyv also
ensure that such & name has not been used for any other organisism. Biologists
follow universally ‘accepted principles to provide scientific names to knewn
organisms, Each name has two components — the Generic name and the specific
epithet. This system of providing & name with two components is called Binomial
nomenclature. This naming svstem -given by Carolus Linnaeus is being followed.
by biologists all gver. Let us take the example of mango to understand the way of
providing scientific names better. The sclentific name of mango is wriiten as
Mangifera indicn. In this name Mangifern represents the genus while indica, is a
particular species, or a specific epithet, Scme of the universal rules of nomenclature
include:

1. Biological names are generally in Latin and written in italics. They are

Latinized or derived from Latin irrespective of their origin.

2. The first word in a biological name represents the genus while the second
compenent denotes the specific epithet.

3. Both the words in a biclogical name, when handwritten, are separatsly underlined,
or printed in italics to ndicate their Latin origin,

4. The first word denoting the genus starts with a capital letter while the
specific epithet starts with a small letter.
Name of the auther [the person or scientist-who gave that name} appears after the
specific epithet, Le., at the end of the biolosical name and i= written in an
abbreviated form. e.g., Mangifera indicg Linn. It indicates that this species was
first desceribed by Linnasus.
Since it is nearly impossible to study all the living organisms, it is necessary o

devise some means to make this possible. This process is classification.
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Classification is the process by which anything is grouped into convenient
categories based on some easily observable characters. For example, we easily
femgxzise'grmps such as plants or animals or dogs, cats or wheat or rice. The
moment we use any of these terms, we associate certain characters with the organism
in that group. Hence, all these - Dogs’, Cats’, ‘Mammals’, “Wheat", ‘Rice’, ‘Plants’,
‘Animals’, etc., are convenient categories we use to study organisms. The scientific
term for these categories is taxon (pl.: taxa). Here we must recognise that taxa can
indicate categories at very different levels. Plants’ — also form a taxen. Wheat' is
alsc a taxon, They represent taxa at different levels,

Hence, based on characteristics, all living organisms can be classified into
different taxa. This process of classification is taxonemy. Thus, characterizsation,
identification, classification and nomenclature are the processes that are basic
components to taxonomy.

Taxonomy is not something new. Earliest classifications were based on the uses
of various organisms because in early days, human beings needed to find sources for
their basic needs of food, clothing and shelter.

The study of different kinds of organisms their diversities and also the
relationship among them is referred to as systematics. The word systematics is derived
from the Latin word ‘svstema’ which means systematic arrangement of organisms.
Linnasus used systema natirae as the title of his publication. The scope.of systmatics
was later enlarged to include identification, nomenclature and classification.
Systematics take into account evolutionary relationships between organisms,

1.3 Taxonomic CATEGORIES

Classification involves hierarchy of steps in which sach step represents a rank
or category. Since the category iz a part of overall taxonomic arrangement, it is
called the taxonomic category and all categories togsther constitute the taxonomic
hierarchy. Each category,; referred to as a unit of classification, represents a rank
and is commonly termed as taxon. Thus each taxon, in fact, represents a unit of
classification. These taxonomic groups)/ categories are distinct biclogical entities
and not merely morphological aggresaiss.

Taxonomical studies of all known organisms have led to the development of
common: categories such as kingdom, divicion (for plants| or phyvlum ([for animels),
class. order, family, genus and species. All organisms, including those in the
plant and animal kingdoms have species as the lowest category.

1.3.1 Species
Taxonomic studies consider species as a group of individual organisms
with fundamental similarities. COne should be able te distinguich one species from



other closely related species based on the distinct miorphological differences.
Let us consider Mangifera indica Imango), Sclanum tuberosum (potato) and Nicotiana
tabacum |tobacco). All the three names, indica, tuberosum and tabacum, represent
the specific epithets. Each genus may have one or more than one specific epithets
representing different organisms, but having morphological similarities. For example,
Sofarem includes species like tuberosum, nigrum and melongena.

1.3.2 Genus

Genus comprises & group of related species which has more characters in
commen in comparison to speciee of other genera, We can say that genera are
agegregates of clozely related species. Among plants for example, potato and bringal
are two different species but belong to the penus Solanum

1.3.3 Family

The next category, Family, has a group of related genera with still less number
of similarities as compared 1o genus and species. Families are characterised on
the basis of both vegetative and reproductive features of plant species. Among
plants for example, three different genera Solanum, Nicotiana and Dature are placed
in the family Sclanaceae.

1.3.4 Order

Generally, erder and cther higher taxonomic categories are identified based on
the aggregates of characters, Order being a higher category, is the assemblage
of fam_ilues which exhibit a few similar characters. The sm:lﬂﬂ.r characters are
less in number as compared to different genera included ina fam:r_l} Plant families
like Convelvualaceae, Solanaceae are included in the order Polemoniales
mainly bazed on the floral characters.

1.3.5 Class
Class includes related orders. For example, in plant kingdom orders like
Malvales, Rosales, Polemoniales etc, are inchinded in the class Dicotyledonae.

1.3.6 Division or phylum

Division includes related classes in the case of plants. Classes like
Dicotvledonae snd Meonocotyledonae with a few similar characters are assigned to
& higher category called division Spermatophyta (sub-division angiospermae|, In the
case of animals related classes are included in a phyvlum.

1.3.7 Kingdom
All plants belonging o various divisions are assigned to the highest category
called Kingdom Plantae in the classification syvstem of plants. The Kingdom
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Animalia, on the other hand, is distinct, and comprises ali Kin

animals from wvarious phyla. Henceforth, we will refer to these b

two groups as plant and animal kingdoms. The taxonomic FPhylum or Division

categories from species to kingdom have been shown ino

ascending order starting with species in Figure 1.1. These are Clasa

broad categories, However, taxonomists have alse developed Order

sub-categories in this hierarchy to facilitate more sound and ._ r

scientific placement of various taxa. As we go higher from Family

species to kingdom, the number of common characteristics _ t

goes on decreasing, Lewer the taxa, more are the Ge:ms

characteristics that the members within the taxon share. ; f’ _

Higher the catepory, greater is the difficulty of determining § ﬁﬁdﬁﬁ .

the relationship to other taxa at the same level. Hence, the %gféﬁc:ﬁgi’ffu"mf
hierarchial

problem of classification becomes more complex. Table 1.1 arrangement in
indicates the taxonomic categories o which some common ascending order
organisms like housefly, man, mango and wheat belong,

Table 1.1 Organisms with their Taxonomic Caregories

Common Biological Genos Family Oxder Clazs Phylom/
Name Name Division
somiens |
indiica

1.4 TaxoNomicAL AIDS

Taxonomic studies of varicus species of plants, animals and other organisms
are useful in agriculture, forestry, industry and in general, in knowing our bio-
resources and their diversity. These studies would reguire correct classification and
identification of organisms. Identification of organisms reqguires intensive
Imboratory and field studies. The collection of actual specimens of plant and animal
species is essential and is the prime source of taxonomic studies.

Biologists have established certain procedures and technigues to store and
preserve the information as well as the specimens. Some of these are explained to
help you understand the usage of these aids.



1.4.1 Herbarinm

Herbarium is a store house
of collected plant specimens that
are dried, pressed and preserved
on sheers, Further, these sheets
are arranged according to a
universally -accepted system of
classification. These specimens,
along with their descriptions on
hHerbarium sheets. become a
store house or repository for
future use (Figure 1.2), The
herbarium sheets also carry a
iabel providing information about
date and place of collection,
English, loecal and botanical
names, family, collector's name,
etc. Herbaria also serve as quick referral systems in taxonomical studies. Roval
Eotanic garden [RBG) at Kew. England has a largest herbarium and is an international
centre for plant identification.

Foure 1.2 Herbarium showing stored specimens

Ina Dlgr}:ai Herbarium the digital images of the herbarum specimens and the
related inflrmation is preserved and published on Internet for wider use. This “digital
herbarium?® is intended to take advantage of newer Internet and digital photography
technologies 1o provide an analogous online facility.

1.4.2 Botanical Gardens

These specialised gardens have collections of living plants for reference. Plant
species in these gardens are grown for identification purposes and each plant is
labelled indicating its botanical / scientific name and ite family. The famous botanical
gardens are at Kew (England|, Indian Botanical Garden, Howrah (India) and at
National Botanical Research Institute, Lucknow (Indiaj.

1.4.3 Muscum

Biological museums are generally set up in educational institutes such as
schocis and colleges. Museums have collections of preserved plant and animal
specimens for study and reference. Specimens are preserved in the containers or
jars in preservative solutions. Plant and animal specimens may alse be preserved
as dry specimens.
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1.4.4 EKey

Kay is ancther taxonomical aid used for identification of plants and animals
based on the similarities and dissimilarities. The keys are based on the contrasting
characters generaily in a pair called couplet. It represents the choice made between
two opposite optiens. This results in acceptance of only one and rejection of the
other, Each statement in the key is called a lead. Separate taxonomic keys are
required for each taxzonomic category such as family, genus and species for
identification purposes. Keys are generallv-analytical in nature.

Flora, manuals, monographs and catalogues are some other means of
recording descriptions. They also help in correct identification. Flora contains the
-actual account of habitat and distribution of plants of a given area. These provide the
index to the plant species found in a particular area. Manuals are useful in providing
information for identification of names of species found in an area. Monographs
contain information on any one =xon,
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SUMMARY

The living werld is rich in variety. Milliens of plants and animals have been
identified and describad but large number still remainsg unknown. The very range
of organisms in termis of size, colour, habitat., physiological and morphological
feathiures make us seek the defining characteristics of living organisms. In order to
facilitate the study of kinds and diversity of organisms, biologists have evolved
certain rules and principles for identification, nomenclatore and classification of
organisms, The branch of nowiedge dealing with these aspecis is referred o as
taxonomy. The taxononic siudies of various species of piants and animals are usaiul
in-apriculture, forestry, industry and in general for knowing our bio-resources and
their diversity. The basics of taxonomy like identification, naming and classification
of organisms are universally evolved under international codes. Based on the
resemblances and distinct differences, each organism is identified and sssigned a
correct scientific /biglogical name comprising two: words: generic name (Genus) and
specific name (Species), Live specimens of planis are founid in beotanical gardens.
Taxonomiists also prepare -and disseminate information through manusls-and
menographs for further taxonomic stizdies. Taxonomic keys are tools that help in
identification based on characteristics. Herbaria and museums coniain dead but
preserved spechmens,
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GLOSSARY

Budding: It = a8 msthod of ssexusl

where: new individusle develop from

reproduction in uniceilular organisms

Photoperiodizm: The influsnce of ths

relative duration of day snd night on
the flowering response of plants iz

parent as an outgrowth of mature called photopericdism.
CrgATISm. Phylogeny: It iz the evolutionary history
Consciousness: It is the ability of of an organism or a group.
crganisms to senss the surroundings. | | Reproduetion: It is the production of
Fisgion: It i & method of Esexusal progeny possessing festures mors or
reproduction o unicsllular lesg similar to those of parents
organisms, involving the division of Spore: It iz an ssexual nnicellular
Ricleus-and. coilaplain ilo twa ar reproductive unit which directly
more parts to {orm new individuals, &E.‘I:FEiﬂps in to & new plant. In higher
Floxa: It contains the sctual sccount of plants, spores develop following
habitat, distribution and systematic meiosis in spore mother cell and they
listing of plants of a given area. are called meiospores. In Thallophytes.
Fragmentation: It i= & msthod of they may be formed following mitosis
vegetalive reprodiofion commonly when they are called mitospores.
found- 1 filamentous forms where the T:an: Any mnif or category in: a
plant body breaks up into smaller taxonomic syztem iz talled a taxon.
pisces or fragments mmh fragment | |Taxonomic hierarchy: It iz the
develops iato a new plant. arrangement in which the organisms
Growth: it 1= =& permanent =aad Ere gronped into 80 ascending senes
irreversible inecrease in the size of & of suecessively large and broader
living organoism genaralliy cateégories so that the lower groups
accompanied by & change in dry are alwayz includsd in thoss that are
weight. higher in hierarchy.

In vitror Outsids a iving orgedism and 15
an artificial environment

Manuzl: It isa =mall book specially
desigred for ready reference.

Metabolism: It refers to the sum totsl
of gil the chemical resctions oeourring
in the body of an orgadism. The
constructive metabolic process in
which compiex molecules are formed
from 5'1:11131_5_: mq‘:’a—cﬁl&s 1z called
anabolism. The destructive metabolic
process ta which eomplex msleculss
are broken déwn iato simpler
molecules is called catabolism.




VERY SHORT ANSWER TYFE
QUESTIONS

10.

i B i

SHORT ANSWER TYPE
QUESTIONS

1.

Ui

in the

What does ICBN stand for?

Whar is flors?

difference between anabolism and
cetsboli=m?

in-the world? Name a few well kmown:
Define the terms couplet and lead in
taxonomic key.

What 1= meant by manuals and
monographs?

What is systematics?

Why are living organisms classified?
What is the basic unit of
Give the scientific name of Mango.
Identify the generic name and
specific epithet,

What iz growth? What iz the
difference between the growth in
I:vm.g arganisms ani._gn:wth in non-
Lving objects?

What i= meant by dentification and
nomenclature? How isa key ' h&lpﬁ:]
identificatien and
classification of an orgsnism?

What are taxonomical aids? Give

the mportance of herbaria and
Muserms

Define a taxon. Give some sxamples
of taxa at different hierarchial levels

How nrehutﬁmcalgmﬂms useful in

conserving biodiversity? Dafine the

terms Flora, manuals, monographs
-and catalogues.

LONG ANSWER TYPE
QUESTIONS

4

What is meant by living? Give =

distailsd sccount of any four defining

featurss of life forms,
Define the following terms with

{1} Class

1) Family
{ii) Order
liv) Genus
{¥] Pivision




bi'versr'!}f in the wa'ﬁg World

EXERCISES

‘Some of the properties.of tissuss are
nbt constitiients of their cel=s. Give
two examples to support the
statement.

What do we learn from identification
of individuals and poptﬁﬂmns‘*
Given below is the scientific name of
Mangs. Identify the correctiy written
‘nmame

Mangifera indica.

of taxonomical categories?

(8] Species, Order. Division;
Kingdom

(b} Genus, Spscies, Order, Kinpdom

(el S?ﬂdﬂEGmﬂEE!ﬂﬂfPthum

5. Define the following terms;
(1} Species (i) Class (&) Family
{iv] Order (v} Genus

6. IMustrate the taxonomical hiesarchy

with sustable sxamples of 2 plant.,
7. What @&re the distinctive

characteristies sxhibited by ‘Eﬁ:—::lg_

oraniims?; Descrlia s i et

8. I.:fefﬂm; Exhihithmtvmﬂmﬂw'

Bm;%wuhmm:her

9. 1List out the principiss followed to
provide scientific names for newly
AR




2.1 angdnmjlunm
2.2 Kingdom Protista

2.3 Kingdom Fungi
24 Kingdom Plantae

2.6 SixKingdom

Since the dawn of civilization. there have been many attempts to
I::Iasmfy living organisms. It was done instinctively not using
criteria that wers scientific but berne out of a need to use organisms
for our own use — for food, shelter and clothing, Aristotle was the
earliest to attemipt & more scientific basis for classification. He
used simple morphaological characters to classify plants into trees,
shrubs and herbs. He also divided animals into two groups, those
which had red blood and thoze thatdid net.

In Linnaeus’ time a Two Kingdom system of classification with
plants and animals respectively. This system was used &l very
recently, Classification of organisms into plants and animals was
easily done and was easy to understand but a large number of
organisms did not faill into either categery. This system did net
distinguish between the eukaryotes and prokaryoetes, unicellular
and multicellular organisms and photosynthetic and non-
photosynthetic organizsms. This system included bacteria, algae,
fungi, bryophytes, pteridophytes, gymnosperms and angiosperms
under plants, The character that unified this whole kingdom was
thatall the organisms included had & cellwall in their cells. This

placed together groups which widely differed in other
characteristics. It brought togsther the prokaryotic bacteria and
the blue-green algas with other groups which are eukarvotic. It



Diversity in the Living World

TABLE 2.1 Characteristics of the Five Kingdoms

Cell type Prokaryolic Eukaryotle | Enkaryotle Eukaryotic | Eukaryotic
Cell wall Noncellilosic | Present in | Present Preseni
{Polysacchartde | some (without [cellulose] | Absent
+ amino actd) celhilose)
Nuclear Ahsent Present Present. Present Present
miembrang
Body Cellular Cellnlar Multiceullar/ | Tissue/ ﬂs_giueim_'ggn.i"
{"m Autotrophic | Helerotrophic | Autotrophic| Heterntrophid
fhadto and [Photosyn- | [Saprophylie/ | [Photosyn-| [Holozole /|
mirttion i Heler- ate.)
and Helero- frapitine
phylic/para-
silic)

also grouped together the unicallular organisms and the multicellular ones, say, for
example, Chlamydomonas and Spirogyra were placed together under algae. The
classification did not differentiate between the heterotrophic group, fungi and the
autoirophic green plants, through they also showed a characterisiic difference in
their wall composition-the fungi had chitin in their wall while the green plants had
a cellulosic cellwall, Hence the two kingdom classification used for a long time was
found inadequate. A need was also felt for inciuding, besides gross morphology,
other characterictics like cell stracmire, naiare cr_T wall, mode of nutridon. hzbitar,
methods of repmduc.ﬁhﬂ, evolutipnary re[a.ﬁﬂnships etc. Classification systems for
living organisms have hence, undergone several changes over time. Though plant
and animal kingdoms have been a constant under all different systems, the
understanding of what groups or which organisms be included under these kingdems
have been changing; the number and nature of other kingdoms have alzo been
understood differently by different scientisis over time.

R.H. Whittaker (1962) proposad a Five Kingdom Classification. The kingdoms
defined by him were named Monera, Protista, Fungi, Plantac and Animalia. The
main criteria for classification used by him include cell structure. thallus
orpanisation, mode of nutrition, reproduction and phylogenetic relationships, Table
2.1 gives & comparative account of different characteristics of the five kingdoms.



Let us lock at thiz five kingdom classification to undersiand the issues and
considerations that influenced the classification system. All prokaryotic organisms
were grouped together under kingdom Moenera and the unicellular e;ﬂ;_car}rcrﬁz:'
organisms were placed in the kingdom Protista. Kingdom Protista has brought together
Chlamydomonas, Chiorella (earlier placed in plant kingdom] thhParamg&-::mmand
Amoeba (earlier placed in-animal kingdem|. It has put together organisms which in
earlier claszsifications were placed in different kingdoms. The Fungi were placed in
a separate kingdom. This happened because the criteria for classification changed.

This kind of chanpges will take place in futiire too depending on the improvement
in our understanding of characteristics and svohuticnary relatonships.

In this chapter we will study characteristics of Kingdoms Monera, Protista and
Fungi of the Whittaker system of classification. The Kingdom Plantae will be dealt
with separately in Chapter 4 and the kingdom Animalia in zoology text book
separately.

2.1 Kimnepom MoRERA

All prokaryotes like Archaebacteria, Eubacteria, Mycoplasma and Actinomycetes
etc. are included in Kingdom Monera.

2.1.1 Aschaebacteria

These are special Monerans since they live in some of the most harsh habitats
such as extreme salty areas (halophiles|, hot springs (thermoacidophiles] and marshy
areas {methanogens|. Archaebacteria differ from other bacteria in having a different
cell wall structure. The cell wall does not contain peptidoglycan but contains
pseudomurein. The cell membrane contains branched chain Hpids. This feature is
responsible for their survival in extreme conditions. Methanag&ﬁs are also present in
the gut of several ruminant animals such as cows and buffaloes and they are
responsible for the production of methane [biogas] from the dung of these animals.

Bacilli

Figure 2.1 Bacteria of different shapes
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2.1.2 Eubacteria

Eacteria are the most abundant micro-organiems, They coour almost everyiwhere.
Hundreds of bacteria are found in a handful of seil, They also live in extreme hahitats
such as hotsprings, deserts, snow and deep oceans where very few life forms can
survive. Many of them live in or on other organisms as parasites and some are
synibionts &lso,

Bacteria are grouped under four categories based on their shape: the spherical
coccus [plicoccl, the rod shaped Bacilius [pl:baciili), the comma shaped vibrium
(pl:vibrio) and the spiral S8pirillum [pl:spirilla) (Figure 2.1).

The bacteria are characterized by the presence of a rigid cell wall consisting of
peptidoglycan, also called murein or mucopeptide. The infoldings of the cell
membrane are called mesosomes. The genetic material is basically naked not
enveloped by nuclear membrane as in all prokaryotes. Cell organelles are not found
in bacteria-and all prokaryotic cells except ribosomes. Motile bacteria contain one
or more flagella.

Though the bacterial structure is very simple, thev are very complexin behavior.
Compared to many other organisms, bacteria as a group show the most extensive
metabolic diversity. Some of the bacteria are autotrophic ie they synthesize their
own food from simpler inorganic substrates. They may be photosynthetic autetrophic
or chemosyathetic autotrophic. The vast majority of bacteria are heterotrophs ie
they do not synthesize their own food but depend on other organisms |parasites] or
on dead organic matter (saprophyvtes) for food.

The eyanobacteria |also referred to gs blues-green algas|
have 'chlorophyll a’ similar te green plants and are
phaotosynthetic autotrophs (Figure 2.2|. The cyanobacteria ars
unicellular, colonial or filamentous, aguatic or terrestrial
algae. They are the most primitive organisms showing oxygenic
photosynthesiz. The protoplasm of cranobacterial cell is
differentiated into a central colourless ceatreplasm: with
chromatin material and peripheral pigmented chromoplasm,
The colonies and trichomes or filamenis are generally
surrounded by gelatinous sheath. They often form blooms in
polluted water bodies. Some of these organisms can fix
atmospheric nitrogen in specialised cells called heterocysts,
e.g., Nostoc and Anabaena, They form hormogonia (fragments)
or thick walled akinetes during asexual reproduction. Flagelia
arse ghesent in vegetative or reproductive phases. The rad colour

Figure 2.2 A filamenious:
of red sea is due to Trichodesmiwm erythrium present in it blue-preen alga-Nostoc



Chemosynthetic autotrophic bacteria oxidise varions inorganic subsiances such
as nitrates, nitrites and ammonia and use the released energy for ATP production.
They play a great role in recycling nutrients like nitrogen, phosphorus, iron and
sulphur,

The majority of heterotrophic bacteria are saprophytes or decomposers, They
have a significant impact on human affairs. They are helpful in making curd from
milk. production of antibiotics, fixing nitrogen in
legume roots etc. Some are pathogens causing damage
to human beings, crops, farm animals and pets.
Cholera, typhoid, tetanus, citims canker are well
lnown diseases caused by different bacteria.

Bacteria reproduce mainly by fission (Figure 2.3).
Semetimes, under unfavourable cenditions. they
Figure 2.3 A dividing bacterium  Produce spores (endospores]. They alse reproduce by
a sort of sexmal reproduction by adepting a primitive tvpe of DNA transfer from one
bacterium 1o the other.

2.1.3 Mycoplasmas

The Mycoplasmas are organisms that completely lack a cell wall and are
pleomorphic, They are the smallest Hving cells known' and can survive without
oxygen. Many mycoplasmas are pathogenic in animals and plants. They were.
previously called pleurcpneumonia like organisms. They cause witches broom in
plants, pleuropnenmonia in cattle and mycoplasmal urethritis in humans,

2.1.4 Actinomycetes

The Actinomycetes are branched filamentous bacteria which form radiating
colonies in culture. The cellwall contains mycolic acid. Most of them are saprophytic.
and decomposers. Some actinomycetous members like Myeobacterium and
Corynebacterium ‘are parasites. A number of antibioties are produced by
actinomycetous members especially the genus Streptomyces.

2.2 Kincoom PROTISTA

All single-celled eukaryotes are placed under Protista, but the boundaries of
thiz kingdom are not well defined. What may be ‘2 photosynthetic protistan’teo one
biclogist may be ‘a plant’ to another. In this book we include Chrysophytes,
of Protista are primarily aguatic.

This kingdom formis a link with the others dealing with plants, animals and
fungi. Being eukaryotes, the protistan cells contain & well defined nucleus and
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‘other membrane-bound organelles. Some have flagella 6r cilia. Protists reproduce
asexually by fission or by the formation of sporesand sexually by a process involving
cell fusion and zygote formation.

2.2.1 Chrysophytes

This group includes diatoms and golden algae (desmids|. They are found in
fresh water as well s in marine environments. They are microscopic and float passively
in water currents |planiton). Most of them are photesynthetic. In diatoms the cell
walls form two thin overtapping shells, epitheca over hypotheca which fit together as
in a soap box. The walls are embedded with silica and thus the walls are indestructible.
Thus, diatoms have left behind large amount of cell wall deposits in their habitat;
this accumulation ever billions of years is referred to as ‘diatomaceous earth’ or
kieselguhr, Being grityy, this soil is used in polishing, filtration of oils and syrups.
Diatoms are the chief ‘preducers’ in the oceans.

Diatoms are divided into two types based on their structural symmetry: the
centrale diatoms are radially symmetrical and pennales are bilaterally symmetrical.
They reproduce asexually by binary fission and sexually by the formation of gametes.
The suxosporss are formed as a result of sexual reproduction and they are rejuvenatory
Spores.

2.2.2 Dinoflagellates

These organisms are mostly marine and photosynthetic. They appear yellow,
green, brown, blue or red depending on the main pigments present in their ceils.
The cell wall has stiff cellulose plates on the outer surface. Most of them have two
flagella; one lies longitudinally and the other transversely in a furrow between the
walil plates. The fAagella produce spinning movements, 5o these protisis are called
whirling whips. The nucleus has condensed chromosomes even in interphase and
the chromosomes do not have histones. This is called mesckarvon. Some marine
dinoflagellates like Noctiluca show bioluminescence. Very often red dinoflagellates
like Gonyaulax undergo such rapid multiplication that they make the sea appear red
ired tides in Medeterranian sea). Toxins released by such large numbers may even
kill other marine animals such as fishes,

2.2.3 Euglenoids

Majority of them are fresh water organisms found in stagnant water. Instead of
a cell wall, they have a proiein rich layer called pellicle which makes their body
flexible. They have two flagella, a short and a long one. The anterior part of the cell
bears an invagination consisting of cytostome (cell mouthi, cytopharynx (gullet] and
reserveir. It consists of a photosensitive stigma or eye spot on the -membrﬂne of the



reservoir, Though they are photosynthetic in the
presence of sunlight. when deprived of sunlight
they behave like heterotrophs by predating on
other smaller organisms. Interestingly, the
pigments of euglenoids are identical to those
presentin higher plants, Example: Euglena (Figure
MR — 2.4]. The reproduction is by longitudinal binary
fission and a palmella stage is found in Eugléna.

2.2.4 Slims Moulds

Slime moulds are saprophytic protists. The multinucleated mass of protoplasm
iz surrounded by a plasamamembrane. The body moves along decaving twigs and
leaves enpulfing erganic material. Under suitable conditions, they form an
aggregation called plasmodium which may grow and spread over several feet. During
unfavourable conditions, the plasmodium differentiates and forms fruiting bodies
bearing spores at their tips: The spores pessess true walls. They are sxtremely
resistant and survive for many yvears, even under adverse conditions. The spores are
2.2.5 Protozoans

All protozoans are heterotrophs and live as predators or parasites. They are
believed to be primitive relatives of animals, They do not contain cellwall. The
protoplasm- is surrounded by plasma membrane, There are four major groups of
protozoans,

Amoeboid protozoans: These organisms live in fresh water, sea water or moist
soil. They move and capture their prey by putting out pseudopodia (false feet] as in
Amoeba. Marine forms have silica shells on their surface. Some of them such as

Flagellated protozoans: The members of this group are either free-living or
parasitic. They have flagella. The parasitic forms cause
diaseases such as sleeping sickness. Example:
Trypanosoma.

Ciliated protozeoans These are aguatic. actively
moving organisms because of the presence of
thousands of cilla. They have a cavity (gulletj that
opens to the ocutside of the cell surface. The
coordinated movement of rows of cilia causes the water
laden with food to be steered into the gullet. Example: Paramecium (Figure 2.5).
Sporozoans: This includes diverse organisms that have an infectious spore-like
stage in their life cycle. The most notorious is Plasmodium (malarial parasite) which
causes malaria which has a staggering effect on human population.

Figure £.5% Paramecium
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2.3 Kmcoou Funal

The fangi constitute a unigque kingdem of heterotrophic organisms. They show
a great diversity in morphology and habitat. When the bread develops a mould or the
orange rots it is because of fungi. The common edible mushroom and toadstocls are
alzo fungi. White spots seen on mustard leaves are due to a parasitic fungus (Albugs)|.
Some unicellular fungi, e.g.. veast are used to male bread and beer. Other fungi
cause diseases in plants and animals; wheat rust-causing Puccinia is an important
example. Some are the source of antibiotics, e.g., Penicillium. Fungl are cosmopolitan
and occur in air, water, soil and on animals and plants, They prefer to grow in warm
and humid places. We keep food in the refrigerator to prevent food from geing bad

With the exception of yeasts which are unicellular, fur.lgl are filamentous. Their
bodies consist of long, slender thread-like structures called hyphae. The network of
hyphae iz known as mycelinm. Some hyphae are continuous tubesg filled with
multinucleated cvtoplasm — these are called coenocytic hyphae. Others have septas
or cross walls in their hyphae. The cell walls of fungi are composed of chitin and
polysaccharides. The reserve food material is glycogen and oil.

Most fungi are heterotrophic and absorb scluble arganic matier from dead
substrates and hence are called saprophytes, Those that depend on living plants
and animals are called parasites. They can also Uve as symbionts — in association
with algae as lichens and with roots of higher plants as mycorrhizae.

Reproduction in fungi can take place by vegetative means— fragmentation,
fission and budding. Asexmal reproduction is by spores called conidia or
sporangiospores or zZoospores, and sexunal reproduction is by cospores, ascospores
and basidiospores, The various spores are produced in distinct structures called
fruiting bodies. The sexual cycle involves the following three steps:

(i} Fusion of protoplasms between two motile or non-motile gametes called
plasmogamy.

(ii] Fusion of two nuclei called karyogamy

(iiij Meiosis in zvgote resulting in haploid spores.

When a fungus reproduces sexually, two haploid hyphae of compatible mating
tvpes come together and fuse. Ih some fungl the fusion of twe haploid cells
immediately results in diploid cells (2n). However, in other fungi (ascemycetes and
basidiomycetes), an intervening dikarvotic stage [n + n Le., two nuclei per cell)
cocures) such 2 condition is called & dikarvon and the phase is called dikaryephase



of fungus, Later, the parental nuclei fuse and the cells become diploid. The fungi
form fruiting bodies in which reduction division occurs, leading to formation of
haploid spores,

The morphology of the mycelium, mode of spore formation and friiting bodies
form the basis for the division of the kingdom inte various classes viz. Ph}'cﬁmycetes_.
Ascomycetes, Basidiomycetss and Deuteromycetas.

= 2.3.1 Phycomycetes
Members of phycomycetes are found in agquatic
habitats and on decayving wood in moist and damp
places or as obligate parasitez on plants. They are
also called algal fungi. The mycelium is aseptaie
and coenocytic. Asexual reproduction takes place
by zoogpores (motile) or by aplanospores |non-
motile). These spores are endogeneously produced
in sporangium. Zygospores are formed by fusion
of two gametes. These gametes mav be similar
[isogamons| or dissimilar |anisogamous or
oogamous| in morphology. Some common
examples are Mucor [Figure 2.6a|, Rhizopus [the
bread mould) and Albugo (the pmsiﬂg.ﬁmgi on
mustard).

(b} Aspergillus 2.3.2 Ascomycetes

. Commenly known as sac-fungi. the ascomycetes
ars unicaliular, e.g., veast (Saccharomyces) or
multicellular, e.g.., Penicillium. They are
saprophytic. decomposers. parasitic or coprophilous
lgrowing on dung). Mycelium iz branched and
septate. The asexual spores are conidia produced
exogencusly on the special hyphae called
conidiephores. Conidia on germination produce
mycelium. During sexual reproduction a dikaryotic
phase with ascogenous hyphae is formed. Sexual
spores are called ascospores which are produced
endogenously in sac like asci [singular ascus).

Karyogamy and meiosis gocur in ascl. These asci
(<), Ao ‘are arranged in different types of fruiting bodies
Figure 6 Fungi called ascoearps. The gichose ascocarp without
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opening is called cleistothecinm. The flask shaped ascocarp with an apical opening
is called perithecium and cup or saucer shaped ascocarp is called-apothecium. Some
examples are Aspergillus (Figure 2.6b), Claviceps, Penicillium and Neurospera.
Neurospora is used extensively in biochemical and genetic work. Many members
like merels and truffles are edible and are considered delicacies.

2.3.3 Basidiomycetes

Commoniy known forms of basidiomycetes are mushrooms, bracket fungi or
puffballs. They are commonly known as club fungi. They grow in secil, on logs and
tree stumps and inliving plant bodies as parasites, e.g., rusts and smuts. The mycelium
is branched and septate. The asexual spores are generally not found, but vegetative
reproduction by fragmentation is common. The sex organs are absent, but
rlasmogamy is brought about by Tusion of two vegetative or somatic cells of primary
mycelium of different strains or genotvpes, The resultant structure is dikaryotic
and produces a dikaryotic secondary mycelium which ultimately gives rise to basidia.
Karyogamy and meiozis talee place in the basidium producing four basidiospores.
The basidiospores are exogenously produced on the basidium (pl: basidiaj. The basidia
-are arranged in fruiting bodies called basidiocarps. Some common members are
Agaricus {mushroom| (Figure 2.6¢|, Ustilago [smutl, Puccinia (rmast fungus), Polyporus
(bracket fungus), Lycoperdon (puff-ball).

2.3.4 Deuteromycetes

Commonly known as imperfect fungi because only the asexual or vegetative
phases of these fungi are known. When the sexmial forms of these fungl were dizscovered
they ware moved into classes they rightly belong to. It is also possible that the asexual
and vegetative stage has been given one name |and placed under deuteromycetes)
and the sexual stage another (and placed under another class). Later when the
linkages were established, the fungi were correctly identified and moved out of
.dmfﬂm}‘\:ﬁms'. Once perfect (sexual) stages of members of dueteromycetes were
discovered, they were eciten moved to ascomycetes and basidiomycetes, The
deuteromycetes reproduce only by asexual spores known as conidia, The mycelium
is septate and branched. Some members are saprophytes or parasites while a large
number of them are decomposeérs of litter and help in mineral cycling, Some examples
-are Alternaria, {early blight} Colletotrichum (redrot] and Trichoderma.

2.4 KincpDom PLANTAE

Kingdom Plantae includes all eukaryotic chlorophyll-containing organisms
cominonly called plants. A few members are partially heterotrophic such as the
insectivorous planis or parasites. Bladderwort and Venus fiy trap are examples of
insectivorous plants and Cuscuta is a parasite, The plant cells have sukaryotic
strucnire with prominent chloroplasts and cell wall is mainly made of celluloze.



The reserve food is generally starch and they show absorptive mode of nutrition,
Plantae includes algae, briyophytes, pteridophytes, gymnosperms and angiosperms.
Further details of these are inchided in Chapter 4 of this Unit.

2.5 Kimncpom ANIMALIA

This Eingdom is characterised by heterotrophic eukaryotic organisms that are
multiceliular and their celis lack cell walls, They directly or indirectly depend on
plants for food. They digest their food in an internal cavity and store food reserves as
giveogen or fat. Their mode of nutrition is holozoic - by ingestion of food. They follow
& deﬁnite growth patiern and grow into adults T_hai have a definite shape and size.
Higher forms show elaborate sensory and neuromotor mechanism. Most of them are
capable of locomation.

The sexual reproduction is by copulation of male and female followad by
embryological development.

2.6 S KincpoMm CLASSIFICATION

Carl Woese proposed six kingdem classification. He replaced kingdom Monera
with two distinct kingdoms, Bacteria and Archasa. Thus the six kingdoms include
Bacteria, Archaebacteria, Protista, Fungi, Plantae and Animalia.

Using a small subunit of ribosomal RNA [165 rRNA| as a marker for studving
evolutionary relationship, Carl Woese and coworkers observaed that the six kingdoms
naturally cluster into three main categories or Domains. These domains are Bacteria,
Archaea and Eukarya and are believed to be originated from a common ancestral
group of early living organisms (progenoie). Archaea and Eukarya are more closely
related to each other than to bacteria
2.7 Viruses, Viromps, PRIONS AND LICHENS

In the five kingdom classification of Whittaker there is no mention of lichens
and some acellular organisms like viruses, viroids and prions. These are briefly
introduced hers.

2.7.1 Viruses

These did nat find a place in classification since they are not truly ‘living’, if we
understand lving as those organisms that have a cell structure. The viruses are
non-cellular organisms that are characierised by having an inert erystalline
structure outside the living cell. Once they infect a cell they take over the machinery
of the host cell to replicate themselves, killing the host.

The nanmie virus that means venom or peisonous fluid was given by Pasteur.
Viruses are obligate parasites.
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A virus contains nucleic acid and protein, The nucleic acid is infections It
could be either RNA or DNA. No virus centains both RNA and DNA. The protein part
forms =& cover or coat called capsid and encloses the nucleic acid core. Tobacco
maosaic virus (TMV) and Human Immuno Viras (HIV) are examples for RNA containing
viruses (Fig. 2.7a). Viruses which infect bacteria are called bacteriophages and contain
DNA as their genetic material (Fig. 2.7 b}

T=il fibrs

Figure 2.7 (&) Tobacco Mosaic
Virus [TMV]

Figure 2.7 [b) Bacteriophage

2.7.2 Viroids

In 1971 T.0.Diener discovered a new infectious agent that was smaller than
wirnses and caused peotato spindie tuber disease. It was found to be'a free RNA: it
lacked the protein coat that is found in viruses, hence the name viroid. The RNA of
viroid was of low molecular weight.

2.7.3 Prions

There are some infectious agents which possess only proteins but not nucleic
acids. Such agents are.called prions. They cause 'scrapie disease’ of sheep and ‘mad
cow diseasze’.

2.7.4 Lichens

Lichens are symbiotic associations i.e. mutually useful associations, between
algae and fungi. The algal component is known as phycobiont and fungal component
as mycobiont, which are autotrophic and heterotrophic, respectively. Algae prepare
food for fungi and fangi provide shelter and absorb mineral nutrients and water for
its pariner. So close is their-association that if one saw a lichen in nature one would
never imagine that they had two different organisms within them. Lichens are very
good pollution indicators — they do not grow in polluted areas.



Botany I

SUMMARY

Biological classification of planis and animals was first proposad by Aristotie on
the basis of zimple morphlogical characters, Linnaens later classified all Hving
organiems into two kingdomes - Plantae and Animalis. Whittaker proposed an slaborate
five Kindgom classification — Monera, Protista, Fungi, Plantae and Animslia. The main
criteria of the Eve Einpdom dassification were c2ll structure, body organization, moda
of mutrition and reproduction, and phylogenetic refationships:

In.the five kingdom classification, bactera are included in Kingdom Monera,
Bacteria are cosmepolitan in distribution, These organisms show the most extensive
meiabolic diversity. Bacteria may be autotrophic or heteroirophic in fheir mode of
nutrition. Kingdom Protists includes sll single-celled sukaryotes such: as
Chrysophotes, Dingflagellates. Euglenscids, Sime-moulds and Protozocans. Protists
have defined nucleuis and cther membrane bound organelles. They reproduce both
asexually and sexuslly. Members of Kingdom Fungi show a great diversitcy in structure
and habitat. Most fongi are saprophytic in their mode of nutrition. They show asexual
and sexual reproduction. Phycomycetes, Ascomyceies, Basidiemyceiss and
Deateromycetes are the four classes under this kingdom. The plantae includes all
eakarvotic chlorophyl-containing organisms, Algae, bBryophvtes. pteridophyies,
oymnosperms and engiosperms are inciuded in this groap. The heterotrophic
eukaryetic, multicallular orpanisme lacking a csll wall are incliuded in the Kinsdom
Animalia. The mode of nutrition of these organisms is holazole, They réproduce mostly
by the semal mode. Lichens and some acellular erganisms ke virnses, vircids:and
prions are not inchuded in the five kingdom system of classification.
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GLOSSARY

Antibiotics: These ars the chemical
sitbetances produced by micro-
organiems which inhibit or kill other

Aplanospore: A rion-motils, thin-walled
spars.

Ascocarp: [t is the fruiting body of
ascomycetous fungi.

Ascospore; A spore produced by an ascus’

{of an ascocarp)

Autotrophs: They are the organisms

inorganic subsirates.

Basidiocarp: It is the fruiting body of
basidiomycetous fung:.

Basidiospore: A zpore produced by &
basidium {cf a basidiocarp).

Biogas: It is producsd by the anasrobic
fermentation of biomass like dung of
the animals.lt consists of 30-70
percent methane, 30-40 percent
carbon dioxide and traces of
hydrogen nitrogen and hydrogen:
sulphids.

Bicluminiscence: It is the =mission of
hght from lving organisms:

Chemeoantotrophse: They synthesize
their food by utili21ng the enerpy
released by oxidation of various’

Eukaryotes: Organisms that have “trus”
nucisus containing genctic material
[CNA) organized in the form of
chromatin and slso have seversl
membrane-bound organelles: in their
calls, -

Habitat: It is the natural srea or lozality
where an erganism is commonly
found,

Haploatic: A4 life cycle in which the
haploid phase predomnstes and the
diploid stage i= limited to the zygots,

Herh: It 128 emal] delicate plant without
any woody part.

‘Heterotrophs: They do not aynthesize

their own food but depend on other
organisms of on dead organic matter
for food. '

Holophytic nutrition: Autotrophic
nutrition is slzo called holophytic
nutrition.

Holezoic nutrition: It iz obtaining

acurishment by the ingestion of solid
organie food-matter;

Mycorrhizae: ThE:-' are formed by an

association between fungal members
and roots of vascular plants. ;I;hey
increpse phosphats absorption by
roots.Hefece they are used az bio-
fertilizers.

Nitrogen fimation: It 1= the process
through which the dinitrogen from the
atmosphere i£ converted into fixed
form like smmonia or nitrate.

Obligate parasite: A parasite that cannot
lead an independent non-parasitic
existence, in contrast to facultative
parasite;
especially ocne with thick chitinous
walls.

Palmella stage: A colomal aggregate of
immaobile gon-fiagellsted individual
cells occurring in the hife cycle of
soms flagellated grzen alzas or
plantlike flagellates.

Parasites: They dep=nd on other

organisms for food,




Photoautotrophs: They synthesize their
food from simpler substrates by
utilizing sunlist energy.

Planktons: Theze are =mall organizms
which float psssively in water
CUrrents.

Plasmodium: The multinucleate mass of
protoplasm of slime moulds with
plasmamembrane 1= callad
plasmodium.

FPleomorphic: when an organism ocours
in mors than one independent form i
the life history, it is said to be
pleomorphic.

Predator: The anitmal which kills another
-animal for food

Prokaryotes: Organisms that lack s
mmclsus or H_ﬁ-}' other membrane-
‘bound organelles in their cells, Their
genetic matenal i3 not organized-in
the form of chromstin,

Ssprophytes: They depand on dead
erganic matier for food.

Shrub: Itis a woody perennial plant with
bushy appearance.

Spore: It iz & reproductive structurs that
is adapated for dispersal and surviving
for extended perioda of time 4n
unfavorabls conditions.

Symbionts: An association between two
dizsstrmiiar organismes whers both the
parinsrs are mutually benefited is
called symbiosis ard the orgshisms
are calied symbionts,

Tree: It i= 5 large woody peretinial plant.

foospre: An asexual spore producad by
ceriain algae sand zome fung:, capabile
of moving abouat by means of iagells,

VERY SHORT ANSWER TYPE

QUESTIONS

1. What is the aature of cell-walls in

i- = .-?

2. How sre Viroids differ=nt from
Viruses?

3. What do the terms phycobiont-and
mycobiont =signify?

4. Whatdo the terms ‘algal bloom®and
‘red tides’ signify?
uses of heterotrophic bactenia.

& ‘Whﬂtt&ﬂlﬁpﬂﬂstp%eumiﬁﬂrmgthﬁ
use of {:}'ﬂ.ﬂnﬁm in agricultural
fields for crop improvement?

7. Plants are sutotrophic. Name some
plants  which are partially
heterotrophic,

8. Who proposed five kingdom
cla=sification? How many lungdnmz
af this class.:fu;atmn tontain
eukaryotes?

9. Give the main criteria used for

10. Name two diseases caused by

11, What are slime moulds 7 Explain

SHORT ANSWER TYPE
QUESTIONS

1. What are the characterisiic festures
of Euglenoid=F

2. What are the advantages and
dizsadvantsges of two kingdom

claszification?
3. Give the salient features and
= Giwvs 8 brisef aeccousnt ef
DisioRsmellatas.

5. Write the role of Fungi in our daily
life.
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3.

3y

i

LONG ANSWER TYPE

QUESTIONS

Give the salient featurss and
comparative sccount of different
classss of Fungi studied by you.

Describs brisfly diiférentxgmups of

Enumerate the aalient feamres of
differsnt groups in protista.

EXERCISES

State two economically impertant

wzes oft
{a) Heterotrophic bacteria
{b) Archaebactaria

Give s comparetive sccount of the

classes of Kingdom Fungi oo the

basis of the following:
i}-made of nutntion
) S

Give a brief account of viruses wath
respect to thewr structure and-nature.

of gﬂnﬁm.: material, Aleo name four
Qrganiss a dizcussion in your class
on the topic— Are viruses ‘lm'mg or

non- living?

‘Suppose you accidentally find an old
preserved F&Eﬂlﬂnﬂﬂt siidewnthoiit s
labsi and in your effort to identify it,

vou place the slide under microscope
and observe the fﬂ‘.‘iﬁwing featuress :

a. unicéllular body,

b, well defined nucleus.

c. bifiageliate condition - one
flagellum lving longitudinally
and the other transverssly.

What would your identify itas ? Can
youname the lnngdom it belongsto ?
Polluted water bodies have usually
high abundances of plants hike Nostoc
and Oscillatoris. Give reasons.
Cyansbactsria dnd heterotrophic
baciena have been clubbed together
in BEubacteris of kingdom Moners as
per the five kinsdom classification.
eventhoughthe two are vastly differsnt
from each other, [ this zrouping of the
two types of texs in the sames lungdom
justified ? If.so why ?
What obesrvable featurss in
Trypanosoma would maks you
classify it under kingdom Protista 2
Ar a stage of their life cyels;
ascomycetous fungi produce the
fruiting bodies like cleistothecium.
pertheciirn or apothecium. Howare
these thres types of fruiting bodies
differ from each othar ?




The study of living erganisms is called ‘Biolegy". In Greek
language ‘BI0S means life and LOGOS means discourse. The
foundation for Biclogy was laid from the time human beings
started observing the living things around them. Biology is the
story of evolution of living organisms on earth, Biology is fast
developing like many other sciences. It is not an exaggeration
to state that what has been preogressed in biolegy dﬂfing the
past three decades is far greater than what has been made during
the past twenty centuries. This is madsa possible after the advent
of new bisphysical and biochemical techniques like
Chromatography, Centrifugation, Electrophoresis, Spectroscopy
and several other modern technigques inte biclogy. In fact, we
are nowin the Golden Era of Biology. In this chapter, the origin
of Botany as a distinct discipline of biclogy and its development,
scope and division into specific branches are presented in brief.

3.1 OrGIN

Biology in relation to plants is generally called Plant
Science’ ﬁut particularly emerged as ‘Botany’. In Greek
lanhiguage, Bous' refers to cattle and Bouskein’ to cattle feed. In
course of time Bouskein’ gave rise to Botane® which gave birth
to the present widely used title ‘Botany”. '
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3.2 DEVELOPMERT

Observation and usage of plants began in ancient times, ever since human beings
started depending on them for food, shelter, clofhs and medicines ste:. These evidences
suggest that elaborate information was gathered by people of ancient times about
plants used for food and medicines, even before the beginning of the Christian era.
making Botany one of the oldest sciences. Egyptians and Assyrians (4000 B.C)
recorded information related to crop plants and fruit trees in the form of pichires
(Hisroglyphics), By 2500 B.C the Chinese learned how to cultivate plants. In ‘our
country, the ‘Atharvana Veda' written during 2000 B.C contains wealth of infoermation
on several medicinal plants and their uses, During 1300 B.C Parasara in his book
‘Krishi Parasaram’, the cldest book on agriculture, dealt about agriculture and
aboutweeds., He also wrote another book “Frikshapurveda® and described different
types of forests, external and internal characters of plants including medicinal plants.
Greek philosophers like Socrates, Plato and Aristotle were responsible for the
development of Botany into a science. Theophrastus (340 B.C), regarded as ‘Father
of Botany’ described the external and internal! characters of some 300 plants in his
book de Historia Plantarum.

Experimental studies on plamnts living in natural surrcundings had scguired
‘significance during the Renaissance period of 16" and 17* centuries, the period of
herbalists. They identified and described medicinal palnts in their books called
herbals. During this period Gaspard Bauhin (1623) published the description and
identification of 6000 plants introducing Binomial Nomenclature for the first time.

Botany emerged as a specific science during the 17™ century with the discovery
of the cell by Robert Hooke (1665 who published the book ‘Micrographia’); study of
bacterial cell for the first time in living condition by Anton Van Leeuwenhoek’ {1675);
anatomical study of plant tissues by Nehemiah Grew & Marcello Malpighi and
discovery of sexual reproduction in plants by Camerarius (1694,

In 18* century, there was progress in the areas of Taxonomy and Physiology.
The Sweedicsh Botanist Carolus Von Linnaens popularised the Binomial Nomenclature
System znd also proposed the sexual system of elassification. During this period.
contemporary physiolopists, Stephen Hales cbserved for the first time conduction of
watar through xylem by root pressure and Joseph Priestly discovered the absorption
of toxic gases and releass of pure gas by green planis.

During the 19** Century, there was considerble progress in different branches
of Botany, Hybridization experiments on Pea plants conducted by Grogor Johann
Mendel (Czechoslovakia) marked the bepinning of Genetics. He introduced the laws
of inheritance (1866 and became popular as the ‘Father of Genetics’, Ecological



studies began with the works of scientists like Haeckel and others. Different types
of plant classification were proposed by the fameous Taxonomists: de Candolle,
Endlicher, Bentham and Hooker. Charles Darwin put forward the Theary of evalution’,
Buchner (1898) discovered the engyme zvmase in yeast calls.

During 20 Century, rapid development was apparent in different disciplines
of Botany, in particular Cell Biology. Discoveries or innovations viz., mutations in
plants by Hugo de Vries (1901}, role of chromozomes in heredity by Suttion and
Boweri |1202); double helical structizre of DNA by Watson and Criek (125 3k discovery
of the genstic nature of RNA by Frankel Conrat (1956); artificial synthesis of the
gene by H.G. Khorana; technigque of plant tissue culture by Hanning, Shimakura,
Slm-ng, White, Nitsch, Maheswari and others were significant developments in Botany
during this pericd. Electron microscope was invented by Knoll and Ruska durng
this century,

Twentieth Century alse witnessed great advances in Plant Physiclogy through
pioneering contributions viz., identification of auxins by F.W. Went (1028}; discovery
of citric acld cycle, slso called Tricarboxyle acid (TCA) cyvele by Hans Kreba (1937),
crystallization of the enzyme urease by J.B. Sumner; understanding the mechanism
of light reaction of photosynthesis by Robert Hill, Ruben, Arnon, Emerson and
othars; discovery of the C_-pathway of Carbon assimilation by Melvin Calvin, Benson
and Bassham and C_-pathway by Hatch and Slack (1976]. Indian Scientist Prof.
V.S. Rama Das and his students also made significant contributions to C -
photosynthesis,

Scientists like Wodehouse, P.K.K. Nair, C.G.K. Ramanujam developed the
science of pollen namesly Palynelogy and modern taxonomists viz. Bessey, Rendle,
Hutchinson, Takhtajan, Cronquist have proposed the phvlogenstic classifications
during the 20™ Century.

3.3 ScoPre

From ancient times. man realized the importance of plants and their products.
Man's domestication of plants (crop cultivation) refers to origin of human civilization.
The problems like decreasing rezources and increasing population could be solved
to great extent by enhancing crop visld through Green Revolution and alsc by
developing disease, pest resistarice crops, utilizing the principles of biotechnology.

Progress in-applied fields like Agriculture, Forestry, Horticulture, Fim*ii:ulﬂma;
etc., is possible through experiments in hybridization and genetic engineering. New
technigues of plant breeding are useful to develop hybrid varieties in crop plants
like rice, wheai, maize, sugarcane efc.
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Knowledge of Plant Physiology, for efample, the role of minerals in plant
nutrition is usefual in rational usage of chemical fertilizers and control of mineral
deficiencies to improve agricultural productivity, Similariy, the knowledge on the
role of plant hormones in plant growth and development is highly significant to
improve agriculture and horticulturs through herbicidal contro! of weeds, breaking
of seed dormancy, enhancement of shelf life period of leafy vegetables like spinach,
-artificial ripening of fruits like apple, banana and watermelons and rooting of stem
cuttings for vegetative propagation.

Knowledge gained through ressarches in Phytopathology is helpful in the
prevention and eradication of several plant diseases, Experiments in tissue and
organ culture have made it possible to produce large number of plants in the
laboratory [micro propagation) within a short duration of time. Industries like cloth
mills, paper mills, ayurvedic pharmaries, sugar mills ete., could be developed due to
Botany.

Knowledge of plants which vield commercially important products viz., timber,
fibres, beverages like coffee and tea. condiments, rubber, gums, resins, dves, essential
-and aromatic oils is of great importance for their exploitation. Studies en many other
plants viz., Amieca, Cinchona, Neem, Datura, Digitalis, Rauwolfia, Withania, Ocimum,
Beiladona, Aloe etc,, having medicinal value are also important to explore them for
human health care.

Production of antibiotics (Penicillin}, bioinsecticides, single cell proteins
|Spiruling, Chiorelia) etc., is alsc made possible by thorough study of these product
vielding plants. Fuels like coal, coke, gascline, petrol etc.. are past formed products
of fossil plants. Recently bio-diesal is also produced from petro-plants, =such as
Jatropa and Fongamin which are rich in hydrocarbons.

The scope of Botany also extends 1o solye envirenmental issues viz., control of
green house effect by intensive tree plantation and soil pollution by bic-remediation,
recveling of nutrients by saprophytic organisms, usage of biofertilizers (Azolla, Nostoc,
Anabaena, Rhizchium etc.] to aveid soil aﬂd'watef pollution caused by chemical
fertilizers and prevention of soil erosion bv sand binding plants. Usage of algae
[Chilorella) as foed for astronauts in space research programmes and extracton of
iodine, agar agar etc., from several sea weeds also indicate the wide scope of Botany
for the contemporary world and in the present day context,



3.4 BRANCHES

Bislogy, basing on the application of physical and chemical principles, devalopad

into new disciplines (branches| of science viz., Biophysics, Biochemistry and
Molecular Biology etc., pertinent to both plant and animal sciences. During the
19* and 20= centuries, Botany expanded rapidly and accumulated vast amount of
knowledge in various aspects of plant life. This resulted in division of Botany into
different specific branches to make an sasy study. Some of the branches are outlined
below:

EBranches of Botany

ll

Morphology deals with the study and description of different organs of a plant.
It is a fundamental requisite for claszification of plants. It can be divided into
twoparts.
a. External Morphology is the study and description of external characters of
plant organs like root, stem, leaf, flower, fruit and seed etc.
b. Internal Morpholegy is the study of internal structure of different plant
organs. It has two branches,
i. Histology is the study of different tissues present in the plant body,
ii. Anatomy deals with the study of gross internal details of plant organs
lilte root, stem, leaf, flower stc.
Cytology or Cell Biology is the study of structure and functions of call and cell
organelles and their multiplication.
Embryology dealz with the study of development of male and female
gametophytes. formation of gametes, process of fertilization, develepment of
embryo. endosperm and seed.

Palynology is the study of the development, structure and all cther aspecis
relared to micrespores or pollen grains.

Taxonomy or Systematic Botany deals with the identification, nomenclature
and classification of plants into related groups on the basis of information obtained
from different fields of Botany.

Physiology deals with the study of different vital activities of plants like absorption
of water and minerals, photosynthesis, respiration, nitrogen metabolism, growth
atc.
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10.

11.

13.

14,

15.
16.

Plant Ecology is the study of reciprocal relationship between the plants and
the environment in which they are Hving.

FPalacobotany deals with the study of fossil plants. It helps us in understanding
the course of evolution in plants,

Geneties deals with all aspects related to genes such as their structure, synthesis,
inheritance, mutation etc.

Phytogeography is the study of geographical distribution of plants in the past
and present.

Plant pathology i= the study of causes, symptoms and methods of control of
plant dizeases.

Phycelogy is the study of all aspects related to algae which are chlorophyllous
#nd autotrophic thaliophytes.

Mycology deals with the study of fungi which are non-chlorophylius
heterotrophic thallophvtes,

Lichenology is the study of lichens which are a special group of plants in which
an algal member and & fungal member live together as symbionts.

Bryology is the study of brvophvtes (amphibians of plant kingdom).

Pteridology iz the study related to pteridophytes, also knewn as vascular
cryplogams.



Botany I

SUMMARY

The study and observation of planis began from ancient times. Elaborate infororation
was gatherad aboul crop plants and medicinal plants by people of ancient times,
even before the beginning of Christian era: Experimental studies in Botany were
started during the renaissance period of 16% and17 centuries. It emerged as &
specific science, Botany, during 17= century with the development of allied sciences,
During 18™ centnry, there was propgress in the areas of Taxonomy and Physiclogy.
During 197 ceptury, there was a considerable amount of progress in different
branches of Botany. During the 20= century there was a rapid proaress of the different
branches of Botany,

Botany has several achievements to its credit-as on this day. The problems like
decreasing resources and increasing population could be solved to a great exient by
enhancing crop vield throush green revolution. Applied felds like Apricultirs, Forestry,
Horticulture, Florioulture stc. have recorded great progress through experimsents in
hybridization and genetic engineering: The efforts made in plant physiology helpad
the development of agricuiture by providing knowledge about the role of minerals
and hormones in plant growith. Regearches made in plant pathology have helped the
prevention and eradication of several plant diseases. Eeverﬁgéﬁ, timber, fibres,
cordiments, rubber, gumes, resins, dyes, medicines sic., are the products of plants,
Bio-diese] i1z produced from plants like Jotropn and Fongomin, Some bacteriaand
blue-green algas are used as bio-fertilizers. Agar-agar and iodine are also obtained
from plants,

To facilitate an easy siudy and understanding. Botany is divided into different

branches.
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GLOSSARY

Agav-agar: It is &n inert polysaccharide
extracted from red algas. It iz an
ingredient of semisolid cultire media.

Beverages: Thess are refreshing drinks
which may be noa-slcoholic or
aicoholic.

Bio-fertilizers: They represent nutrisot
input for plant growth which is of
biological origin.
description of medicinal plants.

Plant tissue and organ culture: Izis the
techniqus of growing, culturing and
in sitro en an artificial nutrient medium

Single cell proteins: Dricd biomass of a
single =pecies of microbe that can be

Spices and condiments: Spicez are the
products and to increase the flow of
gastric juices. Condiments sre the
spices usually added to food afisr it has
been cooked.




VERY SHORT ANSWER TYPE

QUESTIONS

SHORT ANSWER TYPE
QUESTIONS

d

|EJ|

10,

1L

12,

Nﬂ-‘-ﬁﬁe the books written by Parssars
and meation the important aspects
Who is popularly known as fatherof
Botany? What was the book written
by him?

Who are Herbalists? What ars the
bosks written by them?

What was the contribution of
Carclus Von Linnaeus for the
development of plant taxonomy?
Why i= Mendel considersd as the
father of Genstics?

Who discovered the cell and what
What is Palacobotany? What is its
use?

Name the branches of Botany which
deal with the chlorophylious
autotrophic thallophytes and non-
chlorophyllous® hetsrotrophic
thallophytes,

What ars the groups of plants that
live as symbionts in lichens? Name
the study of ichens.,

Which group of plants is called
vascular eryptogams? Nams the
branch of Botany which deals with
them?

Which group of plants iz called
amphibians of piant kingdom? Name

1.

Explain in brisf the scops ﬂfﬂﬂtﬂny
i relsbion: magncujﬂne,hmmﬂnm&

=nd medicine.
Explain the scope of Eﬁtﬂnv taking

plant physiology as exam
What are the differsnt bm::mh&s of

Botany th_at_.daalwuh m_m;:hplng; of

plants? Give their-salient features,

LONG ANSWER TYPE
QUESTIONS

Give & comprehensive sccount on
the scope of Botany in different
Belde giving-an example for sach.
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Our understanding of the plant kingdon has changed
over time. Heterotrophic Fungi prokaryotic Monera and
now been excluded from Plantae though earlier
classifications put them in the same kingdom. Sg, the
cyanobacteria that are also referred to as blue green algae
are not ‘algas’ any more. The kingdom Plantae now
centains all eukaryotic generally multicellnlar
chlorophyli-containing organisms having cellulosic
cellwall and showing autotrophic made of nutrition. In
this chapter, we will describe Algae, Bryophytes,
Pteridophytes. Gymnosperms and Angiosperms under
plantae. Algae, Bryophytes and Preridophytes are
Cryptogams or nﬂﬂ—ﬂbwaﬁﬂg plants while Gvmnosperms
and Angiosperms are Phanerogams or flowering plants,
also called Spermatophytes (or seed bearing plants|.

4.1 Aicase

Algae are chlorophyll-bearing, simple, thalloid,
antotrophic and largely agquatie (both frech water and
marine| organisms. They occur in & variety of othar
heabitars: en meist stones, wood and in =oil. Some of them
also ocour in association with fungi (lichen| and animals
le.g., on stoth bear).



The form and size of aigae is highly variable (Figure 4.1|. The size ranges from
the microscopic unicellular forms like Chigmydomonas, to colonial forms like Volvax
and to the filamentous forms like Ulsthrix and Spirogyura. A few of the marine forms
such as kelps, form massive plant bodies, The cell wall consists of cellulose and
other carbohydrates. In addition to chiorophylle and carotenoids, soms dlgae centain
special pigments. phycobilins, The reserve food is generally starch.

The algae reproduce by vegetative, asexmal and sexual methods. Vegetative
reproduction is by fragmentation. Each fragment develaps into a thallus. Asexmal
reproduction is by the production of different types of spores, the most common being
the zoospores. They are flageilated (motile) and, on germination, give rise to new
plants. Sexual reproduction takes place through fusion of two gametes. These gamietes
can be flagellated and similar in size (as in Chlamydomenas) or non-flagellated (non-
metile] but siimilar in size las In Spircgyran). Such reproduction is called isogameuns.
Fusion of two gametes dissimilar in size, as in some species of Chiamydomeonas is
termed as anisogamous. Fusion between one large, non-motile (static| female gamete
and a smaller, motile male gamete is termed cogamous, e.g.. "Er"ﬂ!:_.vqx, Fucus. Life
cyele is generally haplontic and the zygote acts as meiocyts.

Algae are useful to man in a variety of ways. At least a half of the total carbon
dioxide fixation on earth is carried out by algae through phatosynthesis, Being
photosynthetic, they increase the level of dissolved coxygen in their immediate
environment, They are of paramount importance as primary producers of energy-
rich compounds which form the basis of the food cycles of all aguatic animals. Many
species of Porphyra, Laminaria and Sargassum are among the 70 species of marine
algae used as food, Certzin marine brown and red slgae produce large amounts of
hydrocolloids (water holding substances), e.g., algin [brown algas| and carrageen
[red algae] which are used commercially. Agar, one of the commercial products
obtained from Gelidium and Gracilaria is used to grow microbes and in preparations
of ice-creams and jellies, lodine is extracted from kelps like Laminaria. Chiorella and
Spinillina are unicellular algae and are used as food supplements even by space
travellers, On the basis of pigmentation and trpe of stored food the algae are divided
into three main classes: Chlorophvceae, Phaecophyceae and Rhodophyceae.

4.1.1 Chlorophyceac

The members of chlorophyceae are commonly called green algae. The plant
body may be unicellular, colonial or filamentous. They are usually grass green due
to the dominance of pigments chlorophyil a and & The pigments are localised in
definite chloroplasts. The chloroplasts mayv be discoid, plate-like, reticulate, cup-
shaped, spiral or ribbon-shaped in different species. Most of the members have one
or more storage bodies called pyrenoids located in the chloroplasts. Pyrenoids
contain protein besides starch. Some algae may stare food in the form of il droplets,
Green algas usually have a rigid cell wall made of an inner laver of cellulose and an
outer layer of pectose.
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Figure 4.1 Algae {a} Green algae (i} Voheox (6) Chlamydomonas [iil) Chara
(b} Brown algae (i) Laminaria (i) Fucus (in) Dictoyoia
{c} Red algae (1) Forphyra i) Polysiphonia



Vegetative reproduction usually takes place by fragmentation. Asexual
reproduction is by flagellated zeospores produced in zoosporangia: The sexual
reproduction shows considerable variation in the type and ﬁ:lrm_ﬂﬁﬂﬂ of sex cells
and it may be isogamous, anisogamons or oogamous, Some commonly found green
algae are: Chiamydomonas, Volvox, Ulothrix, Sp:mgym and Chara [Figure 4. 1aj.

4.1.2 Phaecophyceas

The members of phaeophyceae or brown algae are found primarily in marine
habitats. They show great variation in size and form. Thay range from simple branched,
filamentous forms {Ectocarpus) to profussly branched forms as represented by kelps,
which may reach a height of 100 metres, They possess chlorophyll a, ¢, earotenocids
and xanthophylls. They vary in colour from olive green to various shades of brown
depending upon the amount of the xanthophyll pigment. fucoxanthin present in
them. Food is stored as complex carbohydrates, which may be in the form of laminarin
or mannitol. The vegetative cells have a cellulozic wall usually coverad en the outsidse
by a gelatinous coating of algin. The protoplast contains, in addition to plastds. a
centrally located vacuole and muclens, The plant body is usually attached to the
substratum by -a heldfast. and has a stalk, the stipe and leaf like photosynthetic
organ — the [rond. Vegeiative reproduction takes place by fragmentation, Asexual
reproduction in most brown algae is by biflagellate zoospores that are pear-shaped
and have two uneqliai laterally attached flagella.

Sexual reproduction may be isogamous, anisogamous or cogamous. Union of
gametes may take place i1 water or withi the cogonium |oogamoils species). The
gametes are piriform (pear-shaped) and bear two laterally attached ﬂagf:]la_ The
common forms are Ectocarpus, Dictyata, Laminaria, Sargassumand Fucus (Figure 4.1b),

4.1.3 Rhodophyceas

Rhodophyceae members are commonly called red algae because of the
predominance of the red pigment, r-phycoerythrin in their body. Majority of the red
algae are marine with more numbers found in the warmer areas. Thev cceour in both
higher light intensity regions close to the surface of water and also at great depths in
oceans where relatively little light penetrates.

Thethalli of moest of the red algae are nonilticallular. Some of them have complex
body organisation. The major pigments are chlorophylls a, d and phycoerythrin,
The food iz stored as floridean starch which iz very similar to amylopectin and
glyTogen in strachure.

The red algee usualiy reproduce vegetatively by fragmentation. They reproduce
asexually by non-motile spores and sexually by non-motile gametas, The female sex
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Taeie 4.1 Divisions of Algae and their Main Characteristics

Classes Common | Major Stored Cell Wall | Flagellar Habitat
Name Pigments Food Number and
; Position of
Insertions
Chlorophyceas | Green Chlorophyll | Starch Celluloss | 2-8, squal. | Fresh water,
' algss a,b and pectin | apical mmmmr
b i minaris tu_:_si ain. | nterat. [m;
slgae e carth fsmmann algn | lataral mw*hﬁ&m
nsdsnkcens: | Red S — —— Cettaloss. et .
' aigae a,d, | stareh |pectin and ' fzomel
suiphate water, salt
gsters. watsr (most]

organ is a flask shaped carpogoninm znd non-flagellated male gamete is called
spermatium. Sexual reproduction is cogamous and accompanied by complex post-
fertilisation developments. The common members ara: Polysiphonia, Porphyra (Figure
4.1c), Gracilaric and Gefidium.

4.2 DBRYOPHYTES

Bryophytes inclide the varicus liverworts, hornworts and mosses that are found
commonly growing in moist shaded areas in the hills (Figure 4.2). Bryophytes ars
archegoniate, embryvophytic and atrachesphytic cryplogams.

They are also called amphibians of the plant kingdom because these plants live
in moist soil and are dependent on water for sexual reproduction. They are the
primitive land plants and usually occur in damp, humid and shaded localities:
They play an important role in plant succession on bare rocks/soil.

The plant body of bryophytes is more differentiated than that of algae, It is thallus-
lilte -amd prostrate or erect, .and attached to the substratum by unicellular or
multiceilular rhizoids. They lack true rcots, stem or leaves. The mosses possess
root-like rhizoids, leaf-like phylloids and stem-like cauloids, The plant body consists
of parenchymatons tizsue. The main plant body of the bryophyte is hapledd. It produces
gametes, hence is called a gametophyte, The sex organs in bryophytes are
multicellular, jacketed and stallked. The male sex organ is called antheridium.
They produce biflagsllate antherozoids. The female sex organ called archegoninum is
flask-shaped and produces a single egp. The antherozoids are released into water
where they come in contact with archegoninm. An antherozoid fuses with the egg to



Figure 42 Bryophytes: A liverwort - Marchanmifa (a) Femaie thallus (b) Male thallus Moses -
{c} Funaria, gametophyte and sporophyte(d) Sphagnum gametophyte

produce the zygote. This is called zooidogamous cogamy. Zvgotes do not undergo
reduction division immediately. They produce a multicellular body called a
sporophyte.

The sporophyte is not free-living but attached to the photosynthetic gametophyte
and derives nourishment from it. Some celis of the sporophyts called spore mother
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cells undergo reduction division (meiosis) to produce haploid spores, These spores
germinate to produce gametophyvte. ﬁ!l-brypphﬁ&s are hnmmpnraun. They show
hsteromorphic alternation of penerations (because gametophytic and sporophytic
bedies are conspicucusly different} and the life cvele iz haplo-diplontie.

Bryophyies in general are of relatively, little economic importance but some
mosgses provide food for herbaceous mammals, birds and other animals, Species of
Sphagnum, a moss, provide peat that has long been used as fuel, and because of its
capacity to hold water as packing material for trans-shipment of living material.
Moszes along with lichens are the first organisms o colonise rocks and hence are of
great ecological importance. They decompose rocks making the substrate suitable
for the growth of higher plants, hence play significant role in plant suceession. Since
mosses form dense mats on the soil, they reduce the impact of falling rain and prevent
goil erosion. The bryophytes are divided into three Classes viz., Hepaticopsida
(Liverworts), Anthocerotopsida (Hornworts) and Bryopsida (Mosses|

4.2.1 Liverworts

The liverworts grow usually in moist, shady habitats such as banks of streams,
marshy ground, damp soil, bark of trees and deep in the woods. The plant body of &
liverwort is thalleid, e.g.. Marchantia. The thallus is prostrate, dorsiventral and closely
appressed to the substrate. The leé.ﬁ' members have tiny leaf-lilke appendages in two
rows on the stem-like structures,

Vegetative reproduction in liverworts takes place by fragmentation of thalli (sing,
thalhis) or by the formation of specialised structures called gemmae (sing. gemma).
Gemmas are green, multicellular, asexual buds, which develap in small receptacies
called pemma cups located on the thalli, The gemmae become detached from the
parent body and germinate to form new individuals., During sexual reproduction,
male (antheridia) and female (archegonia) sex organs, are produced on the same or
on different thalli. The sporophyte is differentiated into a foot, seta and capsule.
After mieinsis, spores are produced within the capsule. Some membere lilkke Marchoantia
also produce elaters in the capsule which help in spore dispersal. The spores
germinate to form fres-living gametophytss.

4.2.2 Horaworts

The plant body of Hormworts like Anthoceros is also thalloid consisting of rhizoids.
They possess elongated horn-like sporophvtes. The sporophyte consists of foot,
intercalary metisiematie zone and capsule. The Ga:psﬁle produces sﬁﬂres and
pseudo-elaters,




4.2.3 Mosses

The predominant stage of the life cycle of a moess is the pametephyte which
consists of two stages. The first stage, also called juvenile stage, is the protonema,
which develops directly from & spore. It is a creeping, green, branched and frequently
filamenious stage. The second stage iz the adult leafg stage called gametophore.
which develops from the protonema as a lateral adventitious bud. They consist of
upright. slender axes bearing spirally arranged leaves. They are attached to the soil
through multicellular and branched rhizoids. This stage bears the sex organs.

Vegetative reproduction in mosses is by fragmentation, gemmae formation
and budding in the secondary protonema. In sexual reproduction, the sex organs
antheridia and archegonia are produced at the apex of the lsafy shoots intermixed
with multicellular, uniseriate filamentous, sterile hairs called paraphyses. After
fertilisation, the zygote develops into & sporophyte. consisting of a foot, seta and
capsule. The sporophyte in mosses is more elaborate than that in liverworts. The
capsule contains spores, Spores are formed after meiosis from spore mother cells,
The mosses have an elaborate mechanism of spore dispersal. They contain peristomial
teeth which hslp in dispersal of spores. Common examples of mosses are Funaria
(cord moss), Polytrichum (haircap moss) and Sphagrniuem (peat moss) (Figure 4.2 ¢, d)

4.3 PTERIDOPHYTES

The Pteridophytes inchude elub moases, horsetails, ferns otc. Preridophytes are
used for medicinal purposes and az soil-binders. 'f‘hﬂ;r are alse frequently grown &s
ormamentals, Evohuationarily, they are the first terrestrial plants to possess vascular
tissues, They are embryophytic archegoniate vascular (trachaeophytic) cryptogams,
The pteridophytes are found in cool, damyp; shady places theugh some may flourish
well in sandy-soil conditions,

You may recall that in bryophytes. the dominant phase in the life cycle is the
gametophytic (haploid) plant body. However, in Pteridophytes the main plant body is
a sporophyte which is differentiated into true roots, stem and leaves (Fisure 4.3).
These organs possess well-differentiated vascular tissues, The roots are adventitious.
The stem intemﬁjl_'; shows epidermis, cortex and stele, The stele may be: protostele
(central core of xylem surrcunded by phloem] or siphonostele {medullated protostele)
or solenostele (siphonostele with scattered leaf gaps) or dictyostele (dissected
siphenostele with overlapping leaf gaps|. The leaves in pteridephyvta are small
Imicraphylis) as in Selaginefla or large (macrophylls| as in ferns. The sporophytes
bear sporangia that are subtended by leaf-like appendages called sporophyils. The
development of the sporangium may be lepto-sporangiate or eusporangiate. The
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Figure 4.3 Flendophyies: (a} Sefaginetia (b) Equsserm (c) Fern (d) Salfvinia



sporangla produce spores by meiosis in spore miother cells. In majority of the
preridophyvies all the spores ars of similar kind: such plants are termed homosporous.
Genera like Sefaginella and Salvinia. which preduce two kinds of spores, macro or
mega spores and microspores are describad as heterosporons. In some cases,
sporophylls may form distinct compact structures called strobili or cones (Selaginella,
Eguisetum). The spores germinate to give rise to inconspicucus, small but
multicellular frae living, mostly photosynthetic thalloid gametophytes called prothalti
[sing. Prothallusj. These gametophyies reguire cool, damp, shady places to grow.
Because of this specific requirement and the need for water for fertilisation, the spread
of living pteridophytes is limited and restricted to narrow geographical regions. The
gametophytes bear male and female sex organs called antheridia and archegonia,
respectively, The sex organs are multicellular, jacketed and sessile, In heterosporcus
plants, the megaspores and microspores germinate and give rise to female and male
gametophytes respectively. Water is required for transier of antherozoids — the male
gametes released from the antheridia, to the mouth of archegonium, Fusion of mals
gamete with the egg present in the archepgonium rasults in the formation of zZygote,
This i called zooidogamous cogamy. The female gametophytes in these plants are
retained on the parent sporophyte for variable periods, The development of zyaotes
into younpg embryos takes place within the female gametophytes. This event is a
precursor to the aeed habit, considered an important step in‘evolution. The embryo,
thereafier, produces a multicellular well-differentiated sporophyte which is the
dominant phase in the Pteridophytes.

In ferns like Dryapteris, the stem is an underground rhizome. The large aerial
leaves, generally pinnately compound, are called fronds, Young leaves show circinate
vernation (coiling from the tip to the base]. The peticles are covered with brown
muilticellhilar hairs called ramenta. The leaflets show open dichotomous or furcate
venation. The sporangia are formed on the ventral or lower surface of the leaf
{sporophyll] in groups and these are called sori. Each sorus is covered by a
membranous sheath of its ownand it is called true indusinmm. The antherozoids in
ferns are generally spirally coiled and multiciliate. In some ferns like Preris, each
sorus is protected by the reflexed margin of the fertile leaflet which is called false
indusium,

The Pteridophytes are further classified into four Classes namely Psilopsida
(Psilotum]), Lycopsida (Selaginella. Lycopodium), Sphenopsida (Eguisetum) and
F""-tampsid& [Dryopteris. Preris, Adianmum etc., commonly called ferns).
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4.4 GYMNOSPERMS

The gymnosperms (gymnes: naked, sperma:
seeds) are plants in which the ovales are not
enclosed by any ovary wall and remain exposed,
both before and after fertillsation. The seeds, that
develop post-fertilisation, are not covered, i.e., ara
naked. Gymnosperms are embryophytic.
trachaeophyitic archegoniate, phanerogams. They §
inclade medium-sized trees or tall trees and
shrubs {Figure 4.4). One of the gymnosperms, the
giant redwood tree Seguoin is one of the tallest tree
species. Ginkgo is considered to be a living fossil
(Figure 4.4.c). The roots are generally tap roots.
Hoots in =zome genera have fungal association in
the form of mycorrhiza (Pinus), while in some others
(Cyeas) small specialised roots called coralleid roots
are associated with N_- fixing cyanobacteria (Nostoe
and Anabaena|.The stems are unbranched (Cycas
Figure 4.4{a) or branched (Pinus, Cedrus Figure
4.4({b}. The leaves may be simple or compound. In
Cyeons, the pinnate leaves persist for a few years.
The leaves in gymnosperms are well-adapted to
withstand extremes of temperature, humidity and
wind. 1o conifers, the nesdle-Hke leaves rediice the
surface area. Their thick cuticle and sunken
stomata also help to reduce water loss.

Anatomically the stem shows eustele. The (b}
vascular bundies are conjoint collateral and eopen.
Vessels are generally absent in xylem and
companion cells are absent in phicem. SBecondary
growth cccurs in stem and roots. The Gymnosperms

are heterosporous; they produce haploid Dwerd Shoo
microspores and megaspores, The two kinds of 1. sheet
gpores are produced within sporangia that are borns
on:sporophylis which are arranged spirally along
an ‘axis to form compact strobili or cones. The
strobili (sing. strobilus| bearing microsporophyils

(<)

and microsporangia are called microsporangiate or

. . Figure £.4 Gymnospenms:
male strobili (similar to male flower), (3) Cycas (b) Pinus (c) Ginkgo



The micrespores develop into & male gametophytic generation which is highly
reduced and is confined to only & limited number of celiz. This reduced gametophyte
is called a pollen grain. The development of pollen grains takes place within the
microsporangia. The cones bearing megasporophylls with ovmles or integumented
megasporangia are called macrosporangiate or female sirobili (similar to female
flower), The microsporophylls (male) or mega sporophylls (female) may be borne on
the same tree (Finus) or on different trees (Cycas).

The megaspore mother cell is differentiated from one of the cells of the nucellus.
The nucellus is protectad by envelopes or integuments and the composite structure
is called an ovule. The megaspore mother cell divides meiotically to form four
megaspores. One of the megaspores enclosed within the megasporangium (nucelhas)
develops into a multiceltular famate gametophyte that bears two or more archegonia
or female sex organs. The multicellular female zametophyte is retained within
megasporangium and is also called endosperm.

Unlike bryophytes and pteridophytes, in gymnosperms the male and the female
gametophytes do not have an independent free-living existence. They remain within
the sporangia retained on the sperophytes. The pollen grain is released from the
microsporangium. The pollination is direct and anemophilous. They are carried
by air currents and come in contact with the opening of the ovules borne on
megasporophylis. The polien tube carrying the male gametes grows towards archegonia
in the ovules and discharges the contents near the mouth of the archegonia. This is
called siphonogamous oogamy. Cycas shows both siphonogamy and zosidogamy
becausze male gameies are multiciliate but carried by pellen tube. In others mals
gametes are non-maotile. Zypote develops into an embryo and the ovules into seeds.
These seeds are naked and not covered by fruit wall.

In addition to multiciliate male gametes Cycas shews some other fern characters
like circinnate vernation of young leaves, presence of ramenta and presence of
archeponia. Gymnospermes are divided into three Classes-Cycadopsida (Cucas),
Coniferopsida (Pinus| and Gnetopsida (Gretum).

4.5 ANGIOSPERMS

Unlike the gymnosperms where the ovules are naked,. in the angiosperms
{commenly called flowering plants| the ovules are present inside the ovary of the
gyvnoecium. The pollen grains and ovules are developed in specialised structures
called flowers. In angiosperms, the seeds are enclesed in fruits. The angiosperms
are embryophytic, non-archegoniate, vascular, fruit-bearing phanercgams or
spermatophytes. The angiosperms are an exceptionally large proup of giants occurring
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in wide ranpe of habitats. They range in size from ting,
almost microscopic Wolfin to tall trees of Suealypius (over
100 meires). They provide us with food, fodder. fusl,
medicines and several other commercially important
products to meet our day to day life. The roct system of
these plants is taproot or adventious type. The main
conducting slements of the xylem are wvessels and
phloem consists of companion celis. They develop flowers
with usually conspicucus perianth. The male sex organs
in a flower are the stamens. Each stamen consizts ofa
slender filament with an anther at the tip. Intheanthers,
microspore mother calls undergo meiosis and produce
pollen grains. The female sex grgan in a flower is the
pistil or the carpel. Pistil consists of anovary enclosing
one 1o many cevules, Within evules a megaspors mother
cell undergoes melosiz and produces four megaspores.
Usually only one megaspore develops into & highly
reduced female gametophyte termed embryo- sac. Each
of the cells of an embryo-sac is haploid. Each embryo-

sac has a three-celled egp apparaius comprising one egg

cell with two synergids; three antipodal cells and two

polar nuclei. The polar nuclel eventially fuse to produce

a diploid secondary nuclsus.

The pollen grains after dispersal from the anther ars
carried by wind {anemophily] or water (hydrophily] or
various other bGiotic agencies like animals |[Zoophily) to
the stipma of a pistil. Thig i termed-as pollination.
Unlike in Gyvmnosperms, here the transfer of pollen to
the ovule in the ovary is not direct &nd hence called
indirect pollination. The pollen grains germinate on the
stigma and the resulting pollen tibes grow through the
tizsues of stigma and style and reach the ovile. The pollen
tubes enter the embryo-sacwhere two male gametes are
discharged,

Cne of the male gametes fuses with the 22z cell to

form a zvgote (syngamy). The other male gamete fizes
with the diplold secondary nucleus to produce the
triploid primary endosperm nucleus (PEN]. This is called
triple fusion. Because of the involvement of two fuslons,

Figure 4.5 Angiospenms:
(@) A dicotyledon (b) A monocolyledon



this event is termed as double fertilisation, an event unique to angiosperms. The
fertilization is siphonogamous cogamy. The zygote develops into an embryo (with
one or two cotvledons) and the PEN dewvelops into endosperm which provides
nourishment to the developing embryo. The synergids and antipedals degenerate
after fertilization. During these events the ovules develop into seeds and the ovaries
develop into fruit.

Based on the number of cotyledons in the seed, angiosperms are divided into
two classes, dicotyledons and monocotyledons (Figure 4.35) The dicotyledons are
characterized by having two cotyledons and monocotyledons by having only one
cotyledon in their seeds,

4.6 PrLant Lire CYCLES AND
ALTERNATION oOF GENERATIONS

In plants. both haploid and diploid cells can
divide by mitosis, This ability leads to the formation
of different plant bodies - haploid and dipleid. The
‘haploid plant body produces gametes by mitosis. This
plant ﬁadjr represents a gametophyte. Fallowing
fertilisation the zygote also divides by mitosis to
produce & diploid sporophytic plant body. Haploid
spores are produced by this plant body by meicsis,
These in turn, divide by mitosis to form a-haploid
plant biody once again, Thus, during the life cycle of
any sexually repreducing plant, there is an
aiternation of generations between gamete
producing haploid gametophyte and spore producing
diploid sporophyte.

However, different plant groups; as well as
individuals representing them, differ in the following
patterns:

1. Sporephytic generation is represented only by
the one-celied zvgote. There are no free-living
sporophytes. Meiosis in the zygote resulis in the.
formation of haploid spores. The haploid spores
divide mitotically and form the gametophyte.
The dominant, photosynthetic phase in such
plants is the free-living gametophyte. This kind
of life cycle is termed as haploatic, Many algae
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such as Velvox, Spirogyra and some species
of Chiﬂmyttaﬁwﬁas_m'pﬁsmt this pattern
[Figure 4.6 &),

2. DOn the other extrems, is the Type wherein
the diploid sporophyte is the dominant,
photesynthetic, independent phase of the
plant. The haploid phase is represented by
gametes only. This kind of lifecycle is
termed as diploatie (Figure 4.6 bj.
When the gametophyte is represented by

fow celled or many celled stage, life cycle
iz called diplo-haplontic. Pieridophytes

and all seed-bearing plants follow this Figure 4.6 Life cycle patterns
) ) (&) Haplontic (b) Diplentic (c) Haplo-diptontic

3. Bryophytes, interestingly, exhibit an intermediate condition (Haple-diplontic|:
both phases are multicellular with dominant gametophytic generation and
dependant sporophytic generation (Figure 4.6 ¢,

Interestingly. while most algal genera are haplontic, some of them such as

Ectocarpus, and kelps (Laminaria) are haplo-diplontic. Fucus, is diplentic and

Polysivhonia is diplo-biontic.
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SUMMARY

Plant kingdom Inchudes algae, bryvophyies, pieridephytes, gymnosperms and
engiospermms. Algae are chlorophyvll-bearing simple: thalloid, autotrophic and largeiy
aguatic organisms, Depending on the types of pioments and the type of stored food,
alras are classified into three classes namely Chlorophyoeae, Phasophycess and
Rhodephyceae, Alpae usually reproduce vegetatively by -frapmentation, asexually by
formation of different types of spores and sexually by formation of pamsiss which
oiay show 1sogamy, anisogamy or coganmy.

Bryophytes are planis which can live in soil but are dependent on water for sexual
reprochaction, Their plant body is more differentiated than that of algae. It is thallus-
like and prostrate or erect and sttached to the substratum by rhitzoids. They possess
roct=likke, leaf-like and stem-like structures. The bryophyies are divided inico
liverworts. hornworts and mosses, The plant body of livervworis and homworis is
thalloid and dorsiventral whereas mosses have upright, slénder axes bearing spiratly
arranged leaves. The main plant body of a brvophyie is gamete-producing and is
called a gametophyte, It bears the male sex organs called antheridia and female sex
organs called archegonia. The male and female sametes groduced finse to form zZvgote
which produces a multicellular bedy czlled & sporophyte. It produces haploid spores.
The spores germinate to form gametophyies.

In preridophyies the main plant is 3 sporophyie which is differentisted into troe rool,
stem and leaves: These organs possess well-differentiated vascular tissues. The
sporophytes bear sporangia which produce spores. The spores serminate to form
gametophytes which require cool, damp places ta grow. The gamestophvies bear mals
and female sex organs called aniheridia and archeronia, respectively. Waieris required
for transfer of male pametes to archegonium where zygote is formed after fertilisation.
The zvoote producas g sporaphyte,

The pymnesperms are the plants in which ovules are not enclosed by any ovary wall
After fertilisation the seeds remain exposed and therafore these plants are called
naked-sesded plants. The gymnosperms produce microspores and megaspores which
are produced in microsporangia and megasporangia borne on the sporophylis. The
sporophylls — microsporophyils and megasporophyils — are arrangad spirally on axis
to form male and female cones, respectively. The pollen grain serminates dnd pollen
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tube relegses the male gamete into the ovuale, where {t fases with the egg cell in

archegonia. Following fertilisation; the Zygote develops into embryo and the evales

inte seeds,

In angiosperms, the male sex organs (Stamen) and female sax organs [pistil) are
boroe in & flower: Each stamen consists of a filament and an anther. The anther
produces pollen grains (male gametophyta) afier meiosis. The pistil consists of an
ovary enclosing one t© many oviles, Within the ovale is the femgle gametophyte or
embryeo sac which contains the egg cell. The pollen tube enters the embrye-sac whers
two male sametes are discharged. Une niale pamete fises with egp cell (synzamy)
and other fuses with diploid secondary mucleus ftriple fusion). This phenomensn of
two fusions is called double {ertilizsation and is unigue to angiosperms. The
angiosperms are divided into two classes — the dictyiedons and the monocotvledons.

During the life cycle of any sexuailly reproducing plant, there is-altermation of
penerations between gameie producing haploid gametophytes and spore producing
diplaid sporophyte. However. different plant groups as well as individuals may show
different patierns of Hfe cyeles — haplontic, diplontic or diple-haplontic ete.



GLOSSARY

Anisogamy: It iz ths fusion of
morphologically and physiologically
diszimilar pameres an which both the
gametez may be sither motile or no-
mgtil,f'_t_

Archegoniates: These are Bryophytes;
Preridophvies and Gymoosperms
where the fomédle pametangium is

Colonial form: In 5 colonial form the plant
body iz a colony or cocnobium which =
hellow at the centre and the celle ave
arranged in a single layer within the
peniphersl colonisl matrix.

Cryptogams: These are {lowerlezs and
s=adlsse =pore plants:

Embryophytes: These are Bryophyies:
Preridophytes: Gymnosperms and
Angio=perma consistihg of embryo
which develops from zygote by mitotic

Eusporangiate development: The
sporangium develops from & group of
superficial cells,

'G.-nmetnph]r-te: It iz the haploid zamete
producing staps or =exual sfage i the
life cvcle of a plant

Heterospory: It i3 the condition where
different types of spores are produced
by a species. '

Homospory: It is the production of only one
tvpe of =pores by a species

Isogamy: It is the fusion of morphologically
and physiologically similar gametes.

Kelps: Larze algal members of
Phaeophvesas whers the plant body is
differentiated into a holdfast, stipe and
lamina.

Leptosporangiate development: Ths
sporangium develops from & singls
‘superficial csll. '

Oogamy : It iz the fusion of &'emall motile
er fHon-motils male gamets
|spermatozoid or =perm| with = large
non-motile female gamete fsgz or

Phanerogams: These ars flower-bearing
and seed producing tracheophytss.

Siphonogamy : The fusion of mals gamers
carrisd out by a pollen tube with an egz.

Spermatophytes: These are seed plants
with or witheut frzits.

Sporophyte: it iz the diploid spore-
producing stags or assxual stags io the
life cycle of a plant.

Strobilus: It is & structure consisting of
clossly packed sporophylls.

Thallus: It 1z & plant body which is not
differentiated into rootsz stem snd
leaves,

Tracheophytes: These are Pieridophytes.
G}'mtiu-spﬂzmg and dngiosperme which
ocontain vascular tiZsies.

Zooidogamy: The fusion of motils male
gamers with non-morile ege.

Zoospores: Flagsllatsd motile zpores




Diversity in the Living World

VERY SHORT ANSWER TYPE QUESTIONS

4

2.

Sl

10.

11

What is the basis of classification of

When and where does reductoicn

divizion take place tn the life cycle of
& hverwort,
grmnosperm and an anglosperm ?
Diffsr=ntiate betwesn syngamy and
tripte fusion.

Differennats berwsen antheridiam
and archegonmm.

Whalurethemata;gesﬁmmdmﬂm-
gametophyte of mosses ¥ Mention the
structures from Wh:t:h these two

stages develop?

Name the stored food materials found

in Phasophycsas and Rhodophyceae,

Name the pigments responsible for

brown colour of Phasophyceae and

red minurnf Ehwdugh}rﬁeﬂe

Name different methods of vegetative

reproduction in Bryophytes.

Wams ths integumeanted

megasporangium found in

Gymnosperms. How many female
gametophytes ars generally formed

inside the me_gaspwangmm‘?

Rame the Gymncsperms which

gontain mycorrhiza and corolloid

roots respectively.

Mention the ploidy of any four of fhe

follownng :

a. Protonemal cell of a moss

b Primary endosperm hucleus ina
dicot

c. Leafcell of a moss

d Prothslluz of &8 fern

e, Gemma cell in Marchantia

f Menstem c=ll of monocot

g Owvuam ofa liverwortand

h. Zygoteof afern.

Naime the fous classes of Praridophyta

with one sxample sach.

& moss, & fera, &

13.

14,

15.

15.

Tita

Whar are the first orgam=sms to
colomees rocks? Give the peneric
name of the moss which providss
pear?

Mention the fern characters found
in Cycas.

Why are Bryophyies called the
amphibians of the plant kingdom ?
Name an alga which show

(a} Haplo-diplontic and

{b} Diplontic types of life cycles,
Give examples for unicellular,
colomal and flamenionsz glgae.

SHORT ANSWER TYPE

QUESTIONS

brown algas

Bifferentiate between liverworts and

mossss

What iz 'mesant by hamosporous-and

hetsrosporous pteridophytes? Give

twe examnples:

What iz heterospory? Briefly comment

on its Significance. Give two sxamples.

Write a nots on economic importances

of Algae and Bryophytes

How would you distinguish moneocots

from dicot=?

Give a brief account of prothallus.

Draw labelled diagrams of:

a| Femals thallus and mals thallus
of a liverwort

b Gametophyte and sporophyte of
Funarss,




EXERCISES

Name thrée groups of plants that
bear archegonia. Briefly describe the
tife cycle of any one of them.
Dﬂsl::-z_t‘,‘:_m the impoertant
Give the =alieat festures of
Give an account of plant life cycles
and alternaten of gensrations .
Both Gymnosperms and
Anpiosperms bear sesds, then why
ars ther classified ssparatsly?

How far does Selnginefln, ens of the
few living members of Lycopodiales
(Pteridophytes) fall short of seed
habit.

Esch plant or group of plants has
some phylogenstic significance in
relation fo svolution. Cyoas, ons E:rf
the few living members of
Gymnosperms is called a= the'relic
of past'. Can you establish a
phylogenstic relationship of Cycas
with any other group of plants that.
justifies the above statement ?

The mals and femals reproductive
organs of several Preridophytes and
Gymnosperme are comparahle to
florsl etructure= of angiosperms.
Maks an attsmpt to compars ths
warious rteproductive parts of
Fteridophytes and Gymnosperms
with reproductive structures of
The plant body in bigher plants s well
differsntiated and well developed.
Foots are organs used for the purpose
of absorption. Whar are the
equivalant of roots in the le=s

developed lower plants?




Unitli

Structurat Oreanisation N Prants-
MorruoLocy

CHAPTER S
Morphology of
Flowering Plants

The daescripton of the diverse forms of life on earih was made
only by cobservation — through naked eyes or later through
magnifiing lenses and microscopes. The description presented
in this unit is msinly of gross external structural features. In
addition, observable and perceivable living phenomens were
also recorded as part of this descripfion. Before experimental
biolooy or meore specifically, physziology, was established as a
part of biolegy, maturalists described only biclogy. Hence,
biolopy remsined as' & natural history for a long time. The
detcription, by itself, was emiazing in terme of detail. While the
initial reaction of & sfadent could be beredom, ene should keep
in mind that the dsetailed description, was utilised in the later
day reductionist biology where living processes drew more
atiention from scientists than the description of life forms and
their structure. Hance, this description became meaningful
erid helpfil in framing research questions in physiology or
evclutionary biology.



Theophrastus
[c.37T1 BL - 28T BC]

Theophrasztus, the ancient Gresk philosopher who studied
in Plato's school. was the Successor to Aristotle. The
interests of Theophrasius were wide ranging: exiending
from biology and physics to ethics and metaphysics. His
twao surviving botanical works, Enquiry into Plants
[Historia Plantarum] and On the Causes of Plants [Causae
Plantarum] constituted the moest important contribution
to botanical science during antiquity and the Middle ages,
Thev alse depicted the first gystemization of the botanical
world; on the strength of these works, he is aptly regarded
as the “Father of Botany".

The opening sentence of the Enquiry into Plants reads
like & botanical manifesta: “We must consider the distinctive
characters and the general nature of plants from the point of
view of their morphology, their behaviour under external
conditions, their mode of generation and the whole course af
their fife". He described several plants in detail. often
inchzding descriptions of habitat aand geographic
distribution and recognised some plant groups that can be
compared to modern-day plant families. His second book
Causes of Plants not only gives extensive information
about the various categories of plants he explorad, but also
his inguizitive observation of different organs of plants.
These lecture fiotes of Theophrastus comprise the first clear
exposition of the rudiments of plant morphology, anatomy,
ecology and physiclogy - presented in a way that would
not be matched for ancther eightesn centuries”,
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The wide range in the structure of higher plants will never
fzil to fascinate us. Even though the anglosperms show
such a large diversity in external structure or merphology,
they are all characterised by the presence of roots, stems,
legves, flowers and seeds enclosed in fruits.

For any successful attempt at classification and
understanding any higher plant (or for that matter any
living organism), we need to know standard technieal
terms and standard definitions. We also need to know
sbout the pessible variations in different parts, found
as adaptations of the plants to their environment, a.g.,
adaptions to various habitats, for protection. climbing,
storage, etc. Apizal Bud

Ifyou pull outany wesd you  Fewer
will see that all of them hava
roots, stems and leaves. THEY ixtecvus
may be bearing flowers and
fruits. The underground partof  Peusi
the flowering plant-is the root
systemn while the portion above
the ground forms the shoot
system (Figure 5.1). Generally
the roet shows positive
geotropism while the stem

E!‘H.DL'E.

T . Flgure 5.1 Pariz of a
shews positive photatropism. flowering plant
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a. Tap oot system b. Fibrous roal sysiem . Adventifious rool system

Figure 5.2 Difterent types of root sysiems

5.1 Tae Roor

In majority of the dicotyledonous glants, the direct elongation of the radicle leads
to the formation of primary root which grows into the soil. It bears latersl roots of
several orders that are referred 1o as secondary roots, tertiary roots etc. The primary
roots and its branches constitute the tap root system (Figure 5.2 a]. In
monocotyledonous plants, the primary root is shert lived and is replaced by a large
number of roots. These roots originate from the base of the stem and constitute the
fibrous root system, as seen in the moneccots (Figure 5.2 bj. In some plants, like
Monstera and the banyan tres, roots ariss from parts of the plant other than the radicle
and are called adventitions Toots fF‘igure 2.2 ¢). The mgin functions of the roet
system are absorption of water and minerals from the soil, providing a proper anchorage
to the plant parts, storing reserve food material and synthesis of some plant
growth regulators.

2.1.1 Regions of the Root

The root is covered at the apex by a thimble-like structure called the root cap
[Figure 5.3). It protects the tender apex of the root as it makes its way through the
soil, A few millimeters above the root cap is the

region of meristematic activity. The cells of this

region are very small, thin-walled and with dense

fwgmna!  protoplasm. They divide repeatedly. The cells
proximal to this region undergo rapid elongation

and enlargement and are responsible for the

growth of the root in length. This region is called

the region of elongation. The cells of the
elongation zone gradually differsntiate and

mature. Hence, this zone, proximal to region of
elongation, is called the region of maturation.

From this region, some of the epidermal calls form.

very fine and delicate, thread-like structures

called root hairs. These root hairs absorb water

Figura 5.3 The regiona of the root tip and minerals from the 50'11'
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(a) ASparagus ) Turnip fe) Carrot (<) Radish

Figure 5.4 Storage roots

0.1.2 Modifications of Root

Foots in some plants change their shape and
structure and become modified to perform functions other
than absorption end conduction of water and minersals,
They are modified for storage of food and respiration etc
Tap roots of carrmt, turnig, adventitious roots of swest
potato arid fibrous rocts h Asparagis become swellen
duze 1o storage of food (Figure 5.4,

Have you ever wondered what could be those hanging
structures that support a banuan tres?

These @re cdlled prop roots or pillar roots {Figurs
5.5 &|. Similarly, the stems of maize and sugarcane have
supporting roots coming out of the lower nodes of the stem.
These are called stilt roots. [Figure 5.5 b). Can vou give
some more such examples? In mangrove plants such as
Fhizophoroand Avicinnea growing in swampy areas, many
roots come out of the ground and grow vertically npwards.
Such roots, called pneumatophores, [Figurse 3.6 z| help
to get oxygen for respiration. In plants that grow on other
plants |(epiphytes) like Vanda (Figure 5.6 hj. the
adventitious roots are specializad to absorb moisture from
atmosphere. Such roots are called velamen roots. Some
plants ke Viscum and Striga (called partial parasites)
send haustorial roots into the xylem of the hostplant to
get water and minerals while others [complete parasitic
plants) like Cuscuta and REafflesia extend their haustorial
roois into both xylem and phloem to obiain both waier
and food from the host plants (Figure 3.7]. In members of
Fabaceae, bacteria known as Ehizobium inhabit the root

{a} Prop roots of banyan

'.f\
(b} Still roois of maire
Figure &5
Modification of rool for support

Figure 5.6 [a} Prneumatopliores
of Avicenmia

Figure: 5.6 {b] Velamen roois of
Varda




(b Criscirds
Figure 5.7 Haustorial {parasitic) roots

Not all plants prepars their own food, Some plants ‘steal’ food and water from
other plants. Such plants are called parasitic plants.

6. Nodular roois of ground m I

L] S e o - -
1. Fhologyntheiic ool ol

Taaniophyioam

Figure 5.8
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gystem to fix atmospheric nitrogen by formming nodules. Such
roots are called nodular roots (Figure 5.8 a), In some plants
the rocts are chlarophyvllous and perform photosynthesis as
in Taeniophyllum (Figure 5.8 b),

5.2 ToE STEM

What are the features that distinpuish a stem from a root?
The stem is the ascending part of the axis bearing branches.
leaves, flowers and fruits. It develops from the plumule of the
embryvo of a germinating seed. The stem bears nodes and -
internodes. The regu}n of the stem where leaves are born
are called nodes while internodes are the portions betwesn
two nodes. The stem bears buds, which ‘may be terminal or
axillary. Stem is generally green when young and later often ES'T: 1{:31
becomes woody and dark browd.

The main function of the stem i= to spread out branches
that bear leaves, flowers and fruits, It conducts water,
minergls.and phetosynthates. Stemes in some plants perform
other functions such as storage of food, vegstative
propagation, giving mechanical support and profection.

{a) Stem tuber of pointc

2.2.1 Modifications of Stem

The stems may not always be typically like what they
are expected 1o be. They are modified to perform different
functions: In some plants, the stem grows into soil contrary
to its normal aerial habit. Such plants which show these
underground stem modifiacations (Figure 5.9 not only store
food materials but also act as organs of perennation to tide () Ritimeme. of gingor
over conditions unfavourable for growth. They alss help in
vegetative propagation. The stem tuber of potato, rhizome of

roots:

{c} Corms of Colocasin
f{uf} Bulb & aninn
Figure 5.9 Underground stem modifications
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Zingiber [ginger) and Curcumia (turmeric), eorm of
Ameorphophailivs (zaminkand| and Colocasie and bulb of onion
are's few examples of plants that show such medifications.
Aerial stems of several plasnts show many modifications
fFigure 5.10) such as Stem tendrils which help in climbing,
These are the slender, spirally coiled structires which may
develop either from axillary buds as in gourds (cucumber,
pumpkins, watermelon| or terminal buds gsin grapevines. The
buds of stems may also get modified into woody, straight and
pointed thoras. Thorris are found in many plants such a= Cifrus
and Bougaintillen. They protect planis from grazing animals,
Some plants of arid regions miodify their stems into fleshy
flattensd (Opuntia), or fleshy cylindrical (Euphorbial or needle
like [Casuaring) structures called phylloclades. They centain
chiorophyll and carry out photosynthesis as their leaves are
madifisd to spines or scgle leaves to reduce transpiration. In
Asparagus, the branches of limited growth that are modified o
perform photosynthsesis are called eladophylls. [n some plarits,
the vegetative buds as in Dioscoren or floral buds as in Agave
store food materials. When thev detach from the parent plarnts,
they develop adventiticus rogts and help in vegetative
reproduction. These structures are called bulbils,
Underground stems in some grasses and sirawherry-and
sub-aerial stems in Cxalis spread to new niches and form
new plants when older paris die. Such planis are called
mnners. [n plants like Nerium and jasmine & slender lateral
branch called stolen arises from the base of the main axis,

and efter growing aerially for some time, arches downwards to
touch the ground and produce adventitious roots. In some

[d) Casusifnn
Phyllociade

{e} Cladophyllz ol Asparsgus {1} Bulidl of [Mogcorea

Figure 5.10 Asrigl stem modifications
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{a} Runner {b} Stolen ] {d} Sucker
Figure 511 Sub - asral Stem modifications

aguatic planis like Fistia and Eichhomia. a lateral branch of ene internede length
called offset which bears a rosstte of leaves at each node and a tuft of balancing
roofs arising {rom the base of the discoid stem is found. In bansna, pineapple and
Chrysamnthemum, the lateral branches originate from the basal and underground
portion of the main stem, grow horizontally beneath the soil and then come ocut
obliguely upward giving rise to leafy shoots. These branches are called suckers. All
these sub-aerial stem mudjﬁﬁaﬁﬂns [Figuare 5.11) are alse usefill for vegetative
propagation.

9.3 TaE Lear

The leaf is & lateral, generally flattened structhure
borme on the stem. It develops at the node and bears a bud
in itz axil. The axillary bud later develops inte a branch.
Leaves originate from shoot apical meristem and are
arranged in ah acropetal order. They are the most important
vegetative organs for photosynthesis,

A typical leaf consists of three main parts: leaf base,
petiole arid lamina [Figure 5.12 a). The leaf is attached to
the stem by the leaf base and may bear two lateral small
leaf like structures called stipules. In monccotyledons,
the leafl base expands into a sheath covering the stem
partialiy or wholly. In soeme legumineus plants, the leaf
base may become swollen, which is called pulvinus. The
petiole helps in expesing the lamina to light. Long thin
flexible petiolss allow leaf blades to flutter in wind, thereby
cooling the lsaf and bringing fresh air t© leafl surface,

The lamina or the leaf blade is the green expanded
part of the leaf with veins and vein lets. There is, usually,
a middle prominent vein, which is known as the midrib.
Veins provide rigidity to the leaf blade and act as channels (b) ic)
of tranisport for water, minerais and food materizls, The Figure 5.2
shape, margin, apex, surface and extent of incision of E:'-; %‘:ﬁ:lﬁié o5 SR
lamina vary in different leaves. (c) Paraliel venation




Botany N
2.4.1 Venation .

The arrangement of velns and the veinlsts in the laming of leaf = termed as
venation. When the veinlets form a network, the venation is termed as reticulate
iFigure 5.12 b), When the veins run parallel to ezch other within a lamiing, the
venation is termed as parallel (Figure 5.12 cj, Leaves of dicotyledonous plants
generally possess reticulate venation, while parsllel venation is the characteristic
of most monocotyledons.

a.3.2 Types of Leaves

A leaf is =aid to be simple. when its laming iz entire or when
incised, the incisions do not touch the midrib, When the incizions
(lobes| of the lamina reach up to the midrib breaking it intos number
g of leaflats, the leaf is called compound. A bud iz present in the axil of
petigle in both simple and compound leaves, but not in the axil of
leaflets of the compound leaf.

The compound leaves may be of two types (Figure 3.13). In a

pinnately compound leaf a number of leaflsts are present o a
. 1 o

2} Pinnately common-axis called rachis. E.g., nesm,

compaoaund leaf _

In palmately compound leaves.the leaflets are asttached at a

common point, i.e.,at the tip of petiole, asin Bombox ceiba (sl cotion).

0.3.3 Phyllotaxy

Phyilotaxy is the pattern of arrangement of leaves on the stem or
branch. This is usnally of three {rpes—alternate, opposite'and whorled
Petiols {Figure 5.14|. In alternate type of phyllotaxy, a single leafl arises at
each node in glternate manner, as in Hibiscis rose-sinsnsis |china

rose|, mustard and sun flower plants. ITn opposite type, a pair of leaves
arise at each node and lie opposite to each other a= in Calotropis and

(b) Paimately . - z
compiing teal guava plants, If more than two leaves arise at a node and form a whorl,
it is called whorled as found in Nerium and Alstonin
Figure 5,13 Types of

leaves

ih) Cppoaite (e} Whorled

Figure 5.14 DOifferent types of phyliotaxy



-Sirucﬁ.rm'.!‘"ﬁrganfﬁéffbn in Plants - ﬂiﬁrpﬂ a!-og].r

2.3.4 Modifications of Leaves

Leaves are ¢fien modified 1o parfurm functons other than photosynthesis. They
-are converted into tendrils for climbing as in peas or into spines for reduction in
transpiration and for defence as in cacti [Figure 5.15 a, b). The fleshy leaves of onion
-and garlic store food (Figure 5.15 cj. In some plants such as Australian acacia. the
leaves are pinnetely compound in which the leaflets are small and short-lived. The
petioles in these plants expand, become green and synthesize food. These are called
phyllodes (Figure 5.15 d), Insectivorous leaves of Pitcher plant Nepenthes (Figure
5.15 e) and Dionea (Venus Fly-trap] are modified leaves to trap insects for their
aitrogen requirement. Leaves may also be modified 1o help in vegetative propagation.
In Bryophyiium (Figure 5.15 1), epiphyilous buds which arise from the notches of
leaves develop adventitious roots and when they detach, develop into individual
nlants,

Bamzh af
SDIRES
reprasanting
node

{a) Leal tendrils of Figum [b) Spines of Opounfio (€} Siorage isaves ol Allinm

It may sound un-realstic, but it i a fact that there are certain plants which kill
ingectzand ‘eat’ them. Such plants. known as insectivorious plants obtain their
nitrogen requirement from insects as they grow on nitrogen deficlent soils.

Epipghylion=
Eud

1N} Beproductve leal of
[d} Phyllodes of Acacra (2] Trap leaves of Nepenthas Bryophylium

Figure 5,15 Leaf modifications



5.4 TeE INFLORESCENCE

A thing of beauty is a joy forever. The beauty of flowers lies not only in the colour
of petals but also in the mode cfarrangement of flowers on the floral shoot.

The arrangement of {lowers on the floral axis is termed a= inflorescence. A
flower is a modified shoot wherein the shoot apical meristem changes to floral
meriztem. Internodes donot elongate and the axis (called peduncle| gets condensad.
The apex produces different kinds of floral appendages laterally at successive nodes
instead of leaves. Depending on whether the apex geis converted into & flower or
continues to grow, two mejor types of inflorescences are defined — racemiose and
cymose. In racemose iype of inflerezcences, the main axis coniinues o grow-and
the flowers are borne laterslly in an acropetal succession on the main peduncle
(calied simple infloreseence] er on its branches (called cempound inflorezcence|
which also arise in scropeial succession.

There ars several sub-types in the racemose caisgory (Figure 5.16 A -and B).
Commonly cocuring onesare described below. I Crotalaria and Mangifera, the pattern
iz simple raceme. while in members of Cassio and ino cauliflower, it iz called Corymb
in which all the flowers are brought to the same height due to varied lengths of the
pedicels even theugh they sre borne at different nodes. In onion and members of
Apiacese (Umbelliferae) like carrot. the flowers appear to have arisen from the same
point of the peduncle and such inflorescance i= called Umbel type. 1i i=s covered by
& whorl ‘of bracts alled ‘invelucre’. Acropetzl arrangement of sessile flowers on the
peduncle iz-zeen in spikes of Achymnifies and members of Poaceae (Graminas) like
graszes.

{n) Crotolaris (b) CeEsia (e Alligen copa (Omion) [d) Oryza asfiva

Figure 516 A. Racemose infllorescences

| Botany IR
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Plants such as Musa, Cosos and Coloensia, show sessile unisexmial and nsuater
flowers arranged in acropetal succession protected by medified bract called ‘spathe’.
Such inflorescence is called apadix. Some times, unisexusl and bisexual sessile
flowers develop centripetally on a condensed peduncle as in member of Asteraceae
[Conipositael like Triday and sunflower. Such an arrangement of flowers iz called
Head inflorescence.

Spsiha

(1) Helinmthus annus
{e} Calocasis { Sunflower}

_..-.—"'—‘

2N et

Spile  Raceme Gorymb Simgle umbe! Capitulum or head,

P

Compound umbel
Panichn
{compound receihe ) w

Figure 5,16 B. Racemose inflorescences
(| Schematic representation)



In eymose type of inflorescence, the main axis terminates into'a flower, hence it
shows limited growth. The flowers are borne in a basipetal order (Figure 5.17) either
on & branched or uabranched peduncle. In Hibiscus rosg-sinensis and Datira, the
peduncle is unbranched and bears a single flower. It is called Solitary Cyme. A
thres flowered cymose inflorescence found in plants like Bougainvillea and jasmine
is kmown as Cymule, When the peduncle is branched, the cymose type is further
divided based on the number of branches formed. These are called monochasial
cyme (with one branch each time, eg. Hamelia and Solanum), dichasial cyme (with
two branches each time. eg. [poemoea) and polychasial cyme [more than two branches
each time, eg. Neriuml.

{a) Solitary axillary cyme (b} Solitary terminal cyme (c} Simple cyme {Cymule]

L

{d}) Monochasial cymes

(e} Dichasial cyme

(i Polychasial cyme
Figure 517 Cymose imflorescences
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Fezmmis =1k Male

flowar flower fOow=r

{a) Verficellaster of Lopcas () Cyathium of Euphoriia {c} Hypanthodinm of Fices
Figure 518 Special infiorescances

Apart from the above types, there. are certain special types of inflorescences found
in some angicsperms (Figure 5.18). Members of Lamiaceae [Labiatae) show
Verticellaater in which the inflorescence begins as a dichasial cyme but eventually
turns monochasial forming a false whorl around the node. Similarly in members of
Euphorbiaceae family, a special tvpe of inflorescence called Cyathinm is found in
which the naked [achlymadeous|, stallkked and unisexual flowers are arranged in
cymose manner inside cup like invelucre of bracis. In if many male flowers, each
represanted by single stamen, are arranged in monochasial pattern around a single
tricarpellary female flower, Members of Ficus [Fig tree) show yet another type of
special inflorescence called Hypanthodinm in which the peduncie i=s modified into
a deep cup like fleshy structure in which many sessile unisexual flowers ars
irrepuilarly arranged. The male flowers are located near the opening and the female
flowers at the hotiom while in between them are the sterile female flowers called gall
flowers, Pollination in thege plants talces place by an insect called Blastophaga which
lay its =ggs in the gall flowers. After fertilization the whole inflorescence becomes
the fig fruit.

5.5 Tae FrLower

The flower iz the reproductive unit in the anpicsperms, It is meant for sexual
reproduction. A tpical fower (Figure 5.19) has four different kinds of whorls arranged
successively on the swollen end of the stalk or pedicel, called thalamus or receptacle.
These are calvx, corclla, androecium and gynoecium. Calyx and corolla are accessory
organs, while androecium and gynoecium are reproductive organs. In some flowers
litre Lily, the calyx and corolla are oot distinet ‘and are termed as perianth, When &
flower has both andrescium and gynoscium, it is bisemmal. A Dower having either
stamens or carpels is called nnisexnal.

I symmeiry, the Hower may be actinomorphic (radial svmimetry] or zvgomorphic
(bilateral symmetry]. When a flower can be divided into two egual radial halves in
amny radial plans passing through the centre, it is said to be actinomorphic, =.2.,
mustard, Daturm, chilli, When it can be divided into two similar halves only ih one

Largest flowersare found in & complets root parasite Fafflesia, while the smallest flowers
are found the smallest angiosperm Welfia, a free floating hydrophyte.




particular vertical plane, it is
callad zygomorphic. e:g.. pea,
gulmohur, bean, Cassin. A flower
is asymmetric (irregular) if it
cannot be divided inte two
similar halves by any vertical
plane passing through the centre,
as in Canna.

A flower may be trimerous,
tetramerous or pentamerous
when the floral appendages arein
multiple of 3, 4 or 5, respectively.

Figure 519 Pans of a typical anglosparmic Mower Flowers with bracts found ar the
base of the pedics! are called bracteate and those without bracts are called ebracteate.

Based on the position of calyx, corelia and androeciuim on thalamus in respect
of the ovary, the flowers are described as hypegynous perigyneus and epigynous
{Figure 5.20). In the hypogynous flower, the gynoecium cccupies the highest position
while the other parts are situated below it. The ovary in such flowers is said to be
SUperior. =.g., musiard. china rose and brinjal. If gvnesecium is situated in the centre
and other parts of the flower are located on the rim of the thalamus almost at the
same level, it is called perigynous. Ths ovary here is said o be half inferior, or half
superior e.g., plum, rose, peach. In epigynous flowers, the margin of thalamus grows
upward enclosing the avary c::gmplet_;ﬂ_lf and getting fused with i1, while pther parts of
the flower arize above the ovary, Hence, the ovary is said to be inferior =s in flowers
of guava and cucumber, and the ray florets of sunflower.

{=) Hypogynous () Pengynous (¢} Epigynous

Figure 5.20 Positron of fleral parts on thatamus
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a.2.1 Pasis of a Flower

Each ﬂp‘m&r normally has four floral whorls, viz., calyx. corolla, androecium and
‘gynoecium (Figure 5.19) present at different nodes on the thalamus.

5.5.1.1 Calyx

The calyx is the sutermost whorl of the flower and the members are called sepals:
Generally, sepals are green, leaf like and protect the flower in the bud stage. The
calvx may be gamosepalous (sepals united) or polysepalous (sepals fres|.

2.2.1.2 Cerolla

Corolla is composed of petals. Petals are usually brightly coloured to attract
insects for pollination. Like calyx, corolla may alsc be gamopetalous [petals united)
or polypetalous (petals free). .

The shape and colour of corolla vary greatly in plants, Corolla may be tubular
as in disc florets of Asteraceas members, or funnel-shaped-as in Datura, or bi-lipped
as in case of Ocimum. or wheel-shaped or bell-shaped.

Aestivation: The mode of arrangement of sepals or petals in floral bud is known
as mestivation. The main types of asstivation are valvate, twisted, imbricate and
vexillary (Figure 5.21). When sepals or petals in a whorl just touch one another at
the margin without overlapping as in Caletropis. it is said to be valvate. [f one margin
of the appendage overlaps that of the next one and so on as in china rose, lady’s
finger and cotton, it-is called twisted. If the margins of sepals or petals overlap one
-another but not in any particular direction as in Cassia and gulmohnr, the asstivation
is called imbricate. In pea and bean flowers, there are five petals, the largest (standard)

Q)LJUQ

PQ0¢

(s) Valvaie {b} Twisted |} Imbricate {d} Vexillary
Figare 521 Types of sestivation in comofls



overlaps the two lateral petals (wings| which in turn overlap the two smallest anterior
petals (keell: this type of aestivation is known as vexillary or papilionacecus.

3.9.1.3 Androecium

Androecium is composed of stamens. Each stamen which represents the male
reproductive orsan consists of a stalk or a filament and an anther, Each antheér is
usually bilobed and each lobe has two chambers, the pollen-sacs, The pollen grains
are produced inpollen-sacs. A sterile stamen is called staminede.

Stamens of a flower may be united with other members such as petals or among
themselves, When stamens are attached to the petals, they are epipetalous as in
brinjal, or epiphyllous when atiached to the perianth as in the flowers of lily. The
stamens in a flowar may either remain free (polyandrous) or may be united in varying
degrees. The stamens may be united into one bunch or one bundle (monoadelphons)
as in china rese, or two bundles (diadelphous) as in pea, or into more than two
bundles (polyadelphous) as in citrus. Therse may be a variation in the length of
flaments within a flower, as in Salvia and Brossica (mustard).

0.0. 1.4 Gyroecium

Gynoecium is the female reproductive part of the flower and is made up of one
or more carpels. A carpel consists of three parts namely stigma, style and ovary,
Ovary is the enlarged basal part, on which lies the elongated tube, the style. The
style connects the ovary to the stigma. The stigma is at the tip of the style and is the
receptive surface for pollen grains. Each ovary bears one or more ovules attached to
a flattened. cushicn-like placenta. When more than one carpel is present. they may
be free ias in lotus and rose) and are called apocarpous. They are termed syncarpous
when carpels are fuced, as in mustard and tomato. After fertilisation, the ovules
develop into seeds and the ovary mamires into a fruit.

Placentation: The arrangement of ovules within the gvary is known as
placentation. The placentation is of different types namely, marginal, axile, paristal,
basal, central and free central (Figure 5.22|. In marginal placentation, the placenta

) Axile (c) Parietal (d) Free central {ej Basasi

(=) Marginal
Figure 5.22 Types of placentations
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forms a ridge along the ventral suture of the ovary and the ovules are borne on this
ridge forming two rows as in pea. When the placents is axial and the ovules are
attached to it in a multilocular ovary, the placentaion is said to be axile, as in china
rose, tomato and lemon. In parietal placentation. the ovules develop on the inner
wall of the ovary or on peripheral part. Ovary is one-chambered but it becomes two-
chambered due to the formation of the false septum, e.g., mustard and Argemone.
When the owiles are borne on central axis without septa, as in Dianthus and Primrose,
the placentation is called free eentral. In basal placentation, the placenta develops
at the base of ovary and a single ovule is attached to it as in sunflower and marigold.

5.6 Frurrs

The fruit is a characteristic feature of the flowering plants. It is a mature or
ripened ovary, developed after fertilisation. If a frait is formed without fertilisation of
the ovary, it is called a parthenocarpic fruit. Banana is one such example.

Generally, the fruit consists of a wall or pericarp and seeds, The pericarp may be
dry or fleshy. When pericarp is thick and fleshy, it is differentiated into the outer
epicarp. the middle mesocarp and the inner endoearp.

In most plants. by the time the fruit develops from the ovary, other floral parts
degenerate and fall off. However, in a few plants such as apple, cashew, strawberry
atc., the thalamus or the pedicel also contribute to fruit formation. Such fruits are
called false fruits. Most fruits however develop only from the ovary and are called
true fruits. As ovules mature into seeds, the ovary develops into a fruit, i.e., the
transformation of ovales into seeds and ovary into fruit proceed simultanecusly.

There is a-great variation in the nature of pericarp in fleshy fruits. True fruits
can be classified into two tpes based on nature of the pericarp. Fleshy fruits will
have pericarp divisible into epicarp, mesocarp and endocarp while dry fruits have
dry and indivicible pericarp. Pericarp natire is one of the characters used to identify
the fleshy fruits into five sub-types such as berry, draps, hesperidium, pepo and
pome (Figure 5.23). In mango and coconut, the fruit is known as a drupe. They
develop from monecarpellary superior ovaries and/or one-seeded. In mango, the
pericarp is well differentiated inte an outer thin epicarp, a middie fleshy edible
mesocarp and an inner stony hard endocarp. In coconut, which is also a drupe, the

mesocarp is fibrous.
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Endocarp
Iesocarp:
Epicarp
(@) Drupe: of coconut () Drupe of mango (c) Besfry of fomaio

Fleshy

. thslsmus
_1, Seez

— Dericarp
(e o}

{d} Pepo ol cucumbes (e} Heapenidium of orange {1} Pamz af apple

Figure 5.23 Types of Fleshy fruis

In a beiry (eg. guava. grapes, tomatol, the mesocarp and endocarp are fused to
form the pulp. and the seeds are hard. Generally, berries develop from bi- or
onilticarpellary syncarpous gynoecium. In pepo (eg. Cucumber], the epicarp is like
a rind, the mesocarp is fleshy and the endocarp is smooth. It develops from a
tricarpeliary unilocular infedor ovary. A hesperidinm (eg- Cifrus] is characterized
by leathery epicarp with many velatile oil glands, papery mesccarp, and endocarp
wall bears juicy haire. The hesperidium develops from a multicarpsllary, syncarpous,
multilocular and superior ovary. In pome (eg, Apple), the fruit develops from inferior
ovary of bi- or multicarpellary gynoecium and is surrounded by fleshy thalamus,
The endoecarp is cartilagenous.

When the pericarp is dry or non-fleshy, the friits are called dry fruoits as in
- groundniut, and mustard, etc, These
 dry fruits may break open (dehiscent
typesa| and liberata the seeds (Figure
2.24) or may remain unopened
{indehiscent types| and liberate the
8 seeds only after disintegration of
E pericarp. The fruits of pea and Beans
dehisce darsiventrally into two
" , halves and are called legumes. A
|a) Legume of Pisum [b) Capsule of Detura  capsule dehisces in differsnt ways to

Figure 524 Dry dehiscent fruits liberate the seeds.eg,, Cotton, Datura.
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Dry indehiscent fruits (Figure 5.25) are usually single-seeded and are of different
vpes. The pericarp and seed coat fuse together in grasses such as rice and it is
‘rown as caryopsis. In cashew, the fruit is called nut, which develops from muiti-
carpellary, syncarpous, unilocular ovary and the pericarp is stony. The single seaded
fruit in Tridax is characterized by persistent pappus like calyx and is called Cypsela.

Feed. cost

' {b) Nut of Anacardiim
[2) Coaryopsiz of Oryza |{caahiew) {c} Cypseln of Fricdar

Fipwe 5 26 Dry indehiscent fruis

The fruits of Aoacia (Figure 5.26) and castor split into
one-seeded bits called mericarps and are known asg
Schizocarpie fruits.

In custard apple (Annona squamasa), the carpels are
many and free and each carpel of such apocarpous
gynoecium develops into a fruitlet; such bunch of fruitlets
are called aggregate fruits [Figure 5.27). In Pineapple ;
(Figure 5.28) and jack fruit, entire inflorescence develops Figure 5.26
into a fruit known as compasite fruit. Schizacarp ol Acscins

Leafy bracts

Frutlet

Individual fruits

Figurs 5.27 Aggregaiz fruil of Flgui= 5.28 Compound fruif ol
custurd apple pineapple



5.7 THE SEEDS

The ovules after fertilisation develop into seeds. A seed is made up of a sead coat
and an embryo. The embryo is made up of an embryonal axis and one {as in wheat,
mraize) or two cotyladons |as in gram and peal. A detailed account of the development
of the differant structures within a seed and their significance is described in Chapter
7 of the dext Unit.
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SUMMARY

Flowering plani= exhibit enormeus variation in shape. sige, structure, mode of
nutrition, life spaa, habit and habitat, They have well developed root and shoot
systems. Root system is either tap root or fibrous, Generally, dicotvledonois plants have
tap roots while-monocotyledonous plants have fibrous roots: The rootsin some plants
get modified for storape of food, mechanical support and respiration. The shoot system
iz differentiated into stem, leaves, flowers and fruits. The morpholegical featiires of
stems Hke the presence of nodes and internodes, multicellular hair and positively
phototropic nature help to differentiate the stems from roots. Stams also get medified to
perform diverse functions such as storage of food, vegetative propagation and protection
under different conditions. Leaf is & lateral cutgrowih of stem developed exopeneously
atthe node. Thesze are green in colour to perform the fanction of photogynthesis, Leaves
exhibit marked variations in their shape, size, margin, apex-and extent of incisions of
leaf blade (lamina|. Like other parts of plarits. the leaves sl=o get nwdifled Into other
structures such as tendrils, spines for climbing and protection respectively.

The flower iz & modified shoot, meant for sesual reproduction. The flowers are
arraniged in different types of inflorescences. They exhibit enormous variation in
structure, symmmetry, position of ovary in relationto other parts, arrangement of petals;
sepais, oviles sic. After fertilisation, the ovary is converted into fait-and ovole inte
gsead. A fruii developing from fertilized ovary is called a true fit. REarely a fruit may
develop from an unfertilized ovary and is called parthenocarpic fruit. If-any part of
the flower, other than ovary, develops into a fruit-Hke structurs; it is called false
fruit. Based on the nature of fruit wall, true fruits may be fleshy or dry. Flashy fruits
may be berries. drupes, pomes, pepos or hesparidinms, Dry fraits are further identified
inte dehiscent, indehiscent or schizocarpic types. Seeds either may be
monocatyledonous or dicotvledonous, They vary in shape, size and period of viahility.

' Botany HEEEER
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GLOSSARY

Achlamydeous: A flower without the non-
eszential organs. (or peranthl. 1t is
atzp called maked Howear.

Acropetal arrangement: Formation of
lazternl structures from the base
towards apex of anaxes:

Agtinomorphic flower: A flower that can
be cut into two equal halves in any
wartical plane.

Adventitous root: Ths root that smerges
from a place other than radicls.

Androecium: Ths whorl of stamens in
& flower that represents the male
reproductive structurs,

snd the =tem where axillary bud is
present,

Basipetal arrangement; Formation of
iateral structures from the apex
towards base of an axis.

Bract: A thin, membrancu=s laaf like
structure in whoss axil the flower
arises, It protects the flowsr in bud
c uﬂdﬂ' 1 Dﬂ"

Bracteoles: Thin,
structures that are formed on the
pedicele of some flawers,

Complete flower: A flower consisting of
twe whorls of penanth along with at
least one whorl sach of stamene and
carpsls.
wvartically downwards,

Endosperm: The triploid nutritive tissue
found 4dround the embryo of
angiosperms.

Epiphyllous buds: The adventiticnus buds
that are formead on l=aves. They help
i vegetative reproduction,

Epiphyllous stamens:
attached to perianti,

membranons

Stamens

Axil: The upper angle betwean the leal

Fibrous roots: The bunch of roots that
originaté from a place other thano
radicle,

Geotropism: The influence of gravity on

cokrtd

Gyonoecinm: The lest whorl of flowsr
reprecenited by carpels:

Haustoria: The special adventtious roots
that are modified to abserb minerals
and for organic metter from the host.

[ncomplete flowes: A flower thatdoss not
contain any ons of the whorls of
permnth or stamens or cArpsis;

Involucre: The whorl of bracis around the
inflorescence which help in protection.
It may have fuszed bracts =z in
Euphorbiaceac members or the bracts
may be frese as in Umbelliferas
members. N

Locule: The chambers inside the ovary
that arize due to formation of septe.

Mericarp: The one sseded bits of
sehirocarpic framts.

Meristem: The tissue that forms new
cellsin plants:

Modification: A psrmansnt morphao-
logical change in &0 organ in order 1o
perform a special function.

Off=et: A branch of single internode
length which bears adventitions rocts
and a rosstte of leaves at =ach rnode.

Papilionaceous coraella: The type of
arrangement . of ;;_ieuils in
FPapilionacsae (Fabaceas] members. It
consisis of & posterior sianderd petal
callsd vexillom that attrscts insscts,
two lateral wing petsle called alae on
which the insects land and two buﬂt
._ha.peﬂ anterior petals called kesl or
canna which encloze the eszential
organs:




Pappus: The persistent calyx (=sepalsj of
Asteracese members which helps in

Parthenocarpy: The phenomenon of
formation of fruite-without fertilization
or seads

Pedicel: The stalle of the Aower.

Peduncle: The inflorssc=ncs axis on
which flowers are borne.

Perianth: The cufer most two whorlsof a
ﬂﬂwerre;uesenmdhvsepﬁhﬂml pEIaIs

Peiricarp: The wall of fruit which i=
differentiated intc outer spicarp.
middle mesocarp and inner endocarp
when the fruit is fleshy.

Petiole: The stalle of the lesf.

Phototropism: The influence of light on
groawth.

Pistillate flower: A unisexual flower that
contains carpels but lacks stamens: It
iz gizo called femals flowsr,

Plumule: The tip of the embryonic axis
which emerges out after the
emergence of radicgl and gives rizs 10
shoot sy=tem:.

Rachi=: "l‘:ﬁe_ ERIENSIoN uf petiole that
reprezents the axiz of a pinnately
compound leaf. Itis absent in palmately
compotnd leaves,

Radicle: The up of the embryonic sxis
which emerges out first during gesd
generation snd gives rige to root
system.

Rhizeme: An underground stem that is
dersi-ventrafly flattanied and prows

Runner: The weak =tem or 1ty braneh
which pgrows horizontally o soil &dd
forms adventitious roots at every node.

Schizocarp: Adry fruit that dehizces into

single seeded bits called mericarps, It'
also shows mﬂ.&h:s::{-.ﬂt characisr in
hb_e—.tﬂ.ung the seeds only after
dizintegration of peficarp of the
mericarp.

Sessile condition: A l=af or flower 1z zaid
1o be sessile if the stalk i= abeent,

Sorosis : The compound (multiple) fruit
that develops from catkin, spike or
spadix-inflorescence.

Staminate flower: A unisexual flowsr that
contains stamens but lacks carpels. It
1= aleo called male flower.

Stem tuber: Tip of an underground branch
‘that becomes swollen due to storage of
foed materials.

Stolon: An obliqusly downward growing
bmnch of an serial stem that develops
adventiticus roots at the point of
contact with the seil

Sucker: An obliquely npward EIoWiIng
‘branch of an underground stem which
when detached developz into an
andivrdual plant.

Syconus: The compound (multiple) fruit
that develops from hypanthedium
anflorezcence:

Thalamus: The dilated tip of the pedicsl.

Transpiration: The phenomenon of loss
of water in the form of vapour from the
surface of plants mainly through tny
pares called stomata presant on leaves.

Velamen root: The root that appesrs in

_g]:ry'm: plﬂnm and is responsible for
ﬂi:'r_snr ption q:f maoisture from
aAtmosphers.

Zygomorphic flower: A flowsr thatcan be
cut into two squal halves in one vertical
plans.
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VERY SHORT ANSWER QUESTIONS

E B

T

{23

11

13.

Diffsrentiate {ibrous roots from
ST

Define modification. Meation how
roat iz mﬂﬂ:ﬂﬁi in banyan tree and
mangrove plants?

What type of specialized roots are
found in epiphyuc plants? What is
their functon?

How does the sucker of

“of jasmine?

What is meant by pulvinus leaf base?
In members of which angiospermic
family do you find them?
Definsvenation, How do dicots differ
from monacots with respect to
e

How is a pinnately compound leafis
different from a palmately compound
ieaf? Explain with one example-sach:
Which organ is modified to trap
irizegcts in insSsctivorous plamt=?

; Diﬂ'erﬂnnate m:tween Rm:-_n.mnae and

Cymos= inflorescenes.

What is the morphology of cup liks
structure in Cyathium? In which
family it is found?

What type of inflorescence is found
in fig tress? Why does the insect
Biastaphaga visits ths J.nﬂumsﬂenm
of fiz tree?

‘Differsnti ate actinomaorhie from
; zygnmnrphic:ﬂmr

How do the petals in pea plant-are
arrﬁngedﬂ What is such type of

14.
15.
15,

17.

18,

19,

20,

2

23,

=0

What iz meant by spipetalousz
condition? Give an example,
Dhifferenniate berwesn ApoCArpOEE
and syncarpots ovary.

Défine placentation. What type of
placentation is found in Dianthus?
What is msant by parthenocarpic
fruit? How is it ussful?

What i= the type of fruit found in
mango? How doss it differ from that
of coconut?

Why certain fruits are called fhlse
fruits? Name two sxamples of plants
hﬁﬂn.g false froits.

seeded dry fraits.
Define schizocarpic dry fruits. Give
an exampls.

. Define mericarp, In which plant vou

find it?

What sre agzregate fruits? Give two
examples,

Name = plant that has single fruit
developing from the &ntirs
irflersocance. What =2 =uch a froat
called™

What i1& meant by scutellum? In
Define with examples endospermic
and non-sndospermic s==gs,




SHORT ANSWER QUESTIONS EXERCISES

1.

2

u

9.

a0;

01,

02,

a3,

Explain different regions of root with

-negat labsled diagram;

Jusﬁf_'rf the stei=ment: ‘ﬁﬂdﬂgn}und

‘parts of plants are not always roots™

Explain with exemplesdifferent types|
of phyllotaxy.

How do leaf modifications help plants?
Describe any two special types of

snflorescences.

Describe the srrangsment of floral
members in relation to thesir
insertion on thalamus,

The flowsrs of many angiospermic

plante which show sepals and petals,

d_iff&r with: respeci o ihs

arrangement of sepals and petals in
rﬂspec:&ve whaorls’. Explain.
types

Describe &anyv four of

placentations found in flowering
plants.

Describe in brief fleshy fruits you
=smdied.

Dezonbe with exsmpies the varions
dry fruite yon studied.

LONG ANSWER QUESTIONS

Lidhinarront: Menon tns Gescfivol
systems. Explain how root is modified

to perform different functions.
Explain how stem 1z modified
wariously to perform differest
E::pimu different types of racemoszs
inflorescences.

£

i0.

i1,

14,

In which plant. the undergronnd
stem grows horizoatally in soil and
helps in perennation?

Needle liles phylioclades are found in
"i';.’h}t do plants like Nepenthes trap
insects?

What +i= the characteristic
inflorescence found in memhers of
Asteraceas?

Can you name & plant that has least
number eof flowers 1o  i1is
inflorsscence?

Whish family shows naksd fiowsrs?
Im which flowers of the fig trees does
the insect Blastophaoga lay its egge?
What typs of symmetry ie shown by
the finwers of Canna?

On which =ide of the flower do the
flowsrs of psa have the kesl petals?

What iz the ratic of overlagping
margins of petals 1o overlapped onss
in imbricate asstivation?

How many ovales ars Rrind attached
in basal placentation?
Which part of the flower in cashew
plant forms the falee frun?

Which plant has hard. stony eadocarp
and fleshy sdible mesucarp?
Whatis the morphology of ‘spathe’in
Spa.d.:x inflorescence?

‘What is the type of fruit known as i
it develops from apocarpus ovary ef a
single flowsr?




Unitil

RepropucTion N PLanTs

CueAPTER 6 Biclogy in essence is the story of life on earth. While
Meodes of indivdual organisms diewithout fail, species continue
Reproduction to live through milliens of years unless threatened by

natural or anthropogenic extinction. Reproduction

becomes & vital process without which species cannet
CeartEr 7 survive for long, Each individual leaves its progeny by
Sexual Reproduction asexuzl or sexual means. Sexual mode of reproduction
in Flowering Plants enables creation of new variants, so that survival

advaniageis enhancoed, This unif examines the general
principles underlyinz the various reproductive
procasses in plants and then explains the detzils of
sexual meproduction in Angiosperms,



PFanchanan Maheshwan
{1804-1966)

Born in November 1904 in Jaipur (Rajasthan) Panchanan
Maheshwari rose to hecome one of the most distinguished
botanists not only of India but of the entire world. He
moved to Allahabad for higher education where he
obtained his D.Sc, During his college days, he was
inspired by Dr W, Dudgeon. an American missionary
teacher. to develop interest in Botany and especially
morphology. His teacher once expressad that if his student
progresses ahead of him, it will give him a great
satisfaction. These words encouraged Panchanan to
enquire what he could do for his teacher in return.

He worked on embryological aspects and populariced the
use of embryological chracters in taxonomy. He
establistied the Department of Botany, University of Defhi
as an important centre of research in embryology and
tissue culture. He alsp emphasized the need for initiation
of work on artificial culture of immature embryos. These
days, tissue culfure has become a landmark in science.
His work on test tube fertilisation and intra-ovarian
pollination won worldwide acclaim. He was honoured
with fellowship of Royal Society of London [FRS), Indian
National Science Academy-and several ether institutions
of excellence. He encouraged general education and
meade a significant contribution to school education.



Reprudhcﬁon m Plants

6.1 Reproductionandits ©-1 REPRCDUCTION AND ITS TYPES

Types Each and every organism can live only for a certain
6.2 Asexual period of time. The period from birth to the natural death
Reproduction of an organism represents its life span. Life spans of a few
63 Sexual plants are given in figure 6.1. Several other plants are
Reproduction drawn for which you should find out their life spans and

write in the spaces provided. Examine the life spans of
organisms represented in figure 6.1.

Isn’t it both interesting.-and intriguing to note that it
may be as short as a few days or as long as a few thousand
vears? Between these two extremes are the life spans of
most other living organismes. A mango tree has-a much
shorter life span as compared to a peepal tree, Whatsver
be the life span, death of every individual organism is a
certainty, i.e.; noindividual is immortal, except single-celled
arganisms, Why do we say there i= no natural death in
single-celled organisms? Given this reality, have you ever
wondered how vast muunber of plant species has existed
earth for several thousands of years? There must be
some processes in living organisms that ensure this
continuity. Yes, we ars talking about reproduction,

something that we take for granted.



Weifire | ]

Royal Fermn {Osmamds ) Pinus | }
100 + yesrs

Banana piant [ ] Rice plant ( i Ross plam | J

o

Mos=s plant
[Few weeks)

Figure §.1 Approximate life spans of plants
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Reproduction is defined as a biclogical process in which an organism gives rise
to yvoung ones (offspring similar to itself. The offspring grow, mature and in turn
produce new offspring, Thus, there is a cycle of birth, growth and death. Reproduction
enables the continuity of the species, generation after generation. You will study
later in (Principles of Inheritance and Variation| how genetic variation is created
and inherited during reproduction.

There is a largs diversity in the biclogical world and each crganism has evoled
its ‘'own mechanism to multiply and produce offspring. The organism’s habitat, its
interrial physiolopy and several other factors are cellectively responsible for hiow it
reproduces. Based on whether there is participation of one organism or two in the
process of reproducton, it is of two types. When offspring is produced by a single
parent with or without the involvement of gamete formation, the reproduction is
asexmal. When two parents {opposite sex) participate in the reproductive process and
also involve fusion of male and female gametes, it is called sexual reproduction.

6.2 Asexval REPRODUCTION Gl vl O s
In this method, a single individual (parent] is capabie
of producing offspring: As a result, the offspring produced

are not only identical to one another bui are also exact
coples of their parent.
Are these offspring likely to be geneticaily identical or differeru? ‘

Asexuzal reprodiction is common ameng single-celled

organisms, and in plants with relatively simple A
organisations. In Protistz and Monerans, the organiem or

the parent cell divides into two to given'se o new individuals @ %
(Figure 6.2a-binary fission). Thus, in these organisms celf Fianire 6.4 (o} Ginay
division ig itgelf a mode of reproduction. Many single-celled fizsion in bacterin
orgamsms reprodiuce by binary fission, where & cell divides
into two halves and each rapidly grows inte an adult (e.g.,
Euglena, bacteria). In yeast, asexual reproduction takes by
budding where the division is unequal. Small buds are
produced that remain attached initially to the parent cell
which, eventually get separated and mathuire into new veast
organisms (cells) (Fig:6.2%).

Figure 6.2 [b) Budding in yeast



Sporanpiophores

Figure 6.3 Asexusl reproduciive struciure
[a) Zoospores of Chlamydomonas, (b) Spores of Rhizepos, () Conidia of Pasicilligm,
{d} Sporophyll of previdophyle with sporangis

Several members of the Kingdom Fungi and simple planis such as Algas
reproduce through special asexual reproductive structures {Figure 6.3). The most
common of these structures are spores that usually are microscopic, adapted for
dispersal, and can survive extended pericds of unfavourable conditions. The spores
produced by mitosis in some algae such as Chlamydomonas, which are motile are
known as zoospores (Fig.6.3 a). The spores produced by the common bread mold are
nen-motile, These spores are produced in the sporangis .g.. Fhizopus (Fig 6.3 ). In
some Fungi, the reproductive spores are produced on specialized sporangiophores
and are known as conidia eqg., Penicillium 6.3 .

Hid you identify the differences in the spore preduction of Ehizsopus and Penicillium?




Reprndu Plants

In Brgophytes and Preridgphytes the spores produced are haploid
in nature. Oa germination they preduce gametophyvie that is
necessary o complete the life cycle.

Anocther tvpe of asexual reproduction seen in plants is
vegetative reproduction. In multicelliiar or colonial forms of algas,
moulds and mushrooms, the body may split/ break or get seperated
into smaller portions and edch fragment thus formed dévelops hrito
a matare individual. This process of vegetative reproduction is called
frapmentation. Soie plants have specialized structures for Figure 5.4 Gemmas in liver

reproducton via fragmentation ... Gemmae in liver worts (Fig 6.4 worts

In flowering plants, the units of vegetative propagation such as mnaner, stolon, sucker,
offset, rhizome, corm , tuber, bulb, bulbil, reproductive leaves |described in Chapter 3)
are all capable of giving rise to new offspring (Fig 6.5). These structures are called vegetative

Cermimnetins

(o)

Epiphyllous bads

i) (s}
Figure 6.5 Vegetative propagules in angiosperms (a) Offset of Pistia (b) Rhizome af ginges
{c) Tuber of potato with eyes (d) Sullk of onion (&) leaf buds of Bryophyifam

propagules. Obviously, since the formation of these structures does
not involve two parents, the process involved is asexual. Planis
produced vegetatively or asexually are called clones.

You must have heard about the scourge of the water bodies or
about the ‘terror of Bengal' This is nothing but the aguatic plant
‘water hyacinth’ (Fig 6.6]. which is one of the most invasive weads

found growing wherever there is standing water. It draine oxygen

from the water, which leads to death of fishes. You may find it  Figuwie 6.6 Water hyacinth



interesting to know that this plant was introduced in India because of its beautiful
flowers and shape cof leaves. Since it can propagate vegetatively at'a phenomenal
rate and spread all over the water bedy in a shart panﬂd of time, it is very difficult to
got rid off them,

Are you aware how plants like potato, sugarcane, banana, ginger. dahlia are
cultivated? Have vou seen small plants emerging from the buds (called eves) of the
potato tuber, from the rhizomes of banana and ginger? When vou carefully try to
determine the site of origin of the new plantlets in the plants listed above, you will
notice that thev invariably arise from the nodes prezent in the modified steme of
these plants. When the nodes come in contact with damp soil or water, they produce.
roots and new plants. Similarly, adventitious budsarise from the notches present at
margings of leaves of Bryophylium. This ability is fully expleited by gardeners and
farmers for commercial propagaticn of such plants.

It is interesting to nete that asexual reproduction is the common method of
reproduction in organisms that have a relatively simple organisation, like algae and
fungi and that they shift fo sexual method of reproduction just before the onset of
adverse conditions. Find out how sexual reproduction enables these organisms fo
survive during unfavourable conditions? Why is sexual réproduction favoured under
such conditions?

Asexual (vegstative| as well as sexual modes of reproduction are exhibited by
the higher plants.

6.3 SEXUAL REPRODUCTION

Sexual reproduction involves formation of the male and female gametes. either
by the same individual or by different individuals of the oppozite sex. These gametes
fuse to form the zygote which develops to form the new organismu It is an elaborate,
complex znd slow process as compared to asexual reproduction. Because of the
fizsion of male and female gametes, sexual reproduction results in offspring that are
not identical te the parents or amongst themselves.

A study of diverse organisms-plants, animals, protists, prokaryetes and fungi-
show that though they differ so greatly in external morphology, internal structure
and physiology, Wwhen it comes to sexual mode of reproduction, surprisingly, they
share & similar pattern. Let 1is first discuss what features are common to these
diverse organi=ms.

All arganisms have to reach a certain stage of growth and maturity in their life,
before they can reproduce sexually and this stage is known as vegetative phase in
plants. This phaseis of variable durations in different organisms. The end of juvenile/
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vegetative phase which marks the beginning of the reproductive phase can be seen
easily in the higher plants when they come to flower. How long does it take for
marigold/ rice/ wheat/ cocorut/ mange planis ¢ come 1o fiower? In some plants, where
flowering ocours more than once, what would you call the inter-flowering perivd —
[funenile er mare® .

Observe a few tregs in your area. Do they flower during the same month Year gjter
year? Why do you think the availability of frudts like mango, apple. jackfruit, etc., is
seasonal? Are there some plants that flower throughout the year and some others that
show seasonal flowering?

Plants—the annual and biennial types, show clear cut vegetative, reproductive
and senescent phases, but in the perennial species it is ve_qr difficult to clearly
define these phases. A few plants exhibit unusual flowering phenomenon; some of
the grasses such as rice, maize, Wheat (annuals), and bamboo species (perennial)
flower only onice in their life time. Commonly knewn Century plant {Agave americanag)
and bamboo flower at the end of the life. Bamboo flowers generally after 50-100
years and Agave after 10-30 vears of life produce large number of fruits and die.
Ancther plant, Strobilanthus kunthiana (neelaluranji}, flowers once in 12 years. As
many of you would kacw that this plant flowered during September-October 2006,
Its mass flowering transformed large tracks of hilly areas in Kerala, Karnataka and
Tamil Nadu into blue siretches and stiracted a large aumber of tourists, The
reproductive phase is alse of variable duration in different organisms, In plants,
hormones are responsible for the sexual reproduction. Intersction between hormenes
and certain environmental factors regulate the reproductive process and associatad
expressions.

6.3.1 Ewents in semxmal reproduction

After attainment of matirity. all sexqually reproducing erganisms exhibit events
and processes that have remh_tkﬁble fundamental similarity, even though the
structures associated with sexual reproduction are indeed very differeni. The events
of sexual reproduction though elaborate and complex, follow a
regular seguence. Sexual reproduction is characterised by the
fusion (or fertilizsation| of the male and female gametes, the
formatien of zyvgole and embryogenesis. For convenience sake,
these sequential events may be grouped into three distinct stapes
namely, the pre-fertilisation, fertilisation and the post-fertilisation
avents,

6.3.1.2 Pre-fertilisation Events
These inchude a1l the events of sexual reproduction prior to

5 ) . i 21 - Figure 6.7 (a) lsogomstes of
the fusion of gametes. The two main pre-fertilization evenis are st (o mign)

PAMEInEeNEEis and gamete transfer,




6.3.1.2 Gametogenesia

Gametogenesis refers 1o the process of formation of the two Types
of gametes — male and female. Gametes are haploid cells. In some algae
the two gametes are so similar in sppearance that it is not possible to

categorize them into male and female gametes. They are hence, are.

Figure 6.7 (bl called homogametes (isogametes|. eg,, Cladophora (Figure 6.7aj.
H?:ﬁ?ﬁl ;J':ur " However,ina majority of sexually reproducing organisms the gametes

produced are of two morphelogically distinct Gpes (heterogametes|
{Figure 6.7b). In such organisms, the male pamete is called the antherozoid or sperm
and the female gamete is called the egg, eg. Funaria, Preris, Cyeas.

Sexuality in Organiams: Sexuial reproduction in organisms generally involves
the fusion of gametes frem two different individuals. But this is not always true.
From your recollection of examples studied earlier , can yvou identify cases where
ceif fertilication is observed?

Plants may have both male and female reproductive siructures in the same
plant (bisexual) (Figure 6.8 a, ¢| or on different plants {unisexuzl) [Figure 6.8 b, dj.
In several fungl and plants, terms such as homothallic (Fung!] and monoecions
{Plants] are used to denote the bisexual condition and hetercothallic {Fungi) and

Anmlsrulingdan r
— A bergyapdun)
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Female plant Male plant

Figure 6.0 {b) Dicecipus plani (Marchaniia)

| Rl ST
- Female plant Male plant
Figure 6.8 (c) Moncecious plant Figure 6.8 (d) Dicecious plant (Papaya)
{Maize}
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dioecions (plants) are the terms used to describe unisexual condition. In flowering
plants, the unisesmial male flower is staminate. i.2., bearing stamens, while the femais
is pistillate i.e,, bearing pistils. In some flowering plants. both male and female
flowers may be present on the same individual [monioecions) or on separate
individuals .{dit:.:ﬂt-‘iuusj.

Among flowsring plants some examples of monoecious plants are cucurbits
and ceconuts and of dicecious plants are papaya and date palm.

Name the type of gametes that are formed in staminate and pistillate flowers.

Cell division during gamete formation: Gametes in all heterogamstic species
are of two types namely, male and female. Gametes are hapleid though the parent
plant body from which they arise may be either haploid or diploid. A haploid parent
produces gametes by mitotic division. Does this mean that meiosis never occurs in
organisms that are hapleid?

Carefully examine the flow charts of lifs cycles of algae that you have studied
in earlier chapters to get a suitable answer,

Several organisms belonging to monera. fungi. algae and bryephytes have
haploid plant body, but in organisms belonging to pteridophytes, gymnosperms,
angiosperms the plant body is dipleid. It is obvious that meiosis, the reduction
division. has to ooour i & dipleid bedy has to produce haploid gametes. In diploid
organisms, specialized cells called meiocytes [gamete mother cells) undergo
meiosis. At the end of meiosis, only one sat of chromosomes gets incorporated into
each gamete.

6.3.1.3 Gamete Transfer

After their formation, male and female gametes must be physically brought
together to facilitate fusion (fertilisationi. Have you ever wondered how the gametss
meet? In a majority of organisms, male gamefe is motile and the female gamete iz
stationary. Exceptions are a few fungi and algae in which beth types of gametes ars
motile {Figure 6.9 a). There is a need for a medium through which the male gametes
move, In several simple plants like algas, bryophytes and pteridephytes, water is the
medium through which this gamete transfer takes place. A large number of the mals
gametes. however, fail to reach the female gametas. To cumpgnsam:thi's loss of male
gametes during transport, the number of male gametes produced i= several thousand
times the number of female gametes produced.

In seed plants. pollen grains are the carriers of male gametes and cvule has the
egg. Pollen grains produced in anthers therefore, have to be transferred to the stigma
before it can lead to fertilization [Figure 6.9 b). In bizesnaal, self-fertilising plants;
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e.g., peas, transiar of pollen grains to the stigma is relatively easy as anthers and

stigme are located close to each other; pellen grains soon after they are shed, come
in contact with the stipma. But in cross pollinating plants (including dicecicus
plants), a specialized event called pollination facilitates transfer of pollen grains to
the stigma. Pollen grains germinate on the stigma and the pollen tubes carrying the

male gametes reach the ovule and discharge male gametes near the egg,

Contact of maotife
gametes

o= o i Figure 6.2 {b) Germinating pollen
Figure £.9 (a) Homogamelic contact in alga grains on the stigma of a Nower

5.3.1.4 Fertilisation
The most vital event of sexual reprodiuction is perhaps the fusion of gametes,
This process called syngamy resulis in the formation of & diploid zygote. The term
fertilisation is alsc often used for this process. The terms syngamy and fertilisation
are frequently used though interchrangsably. Some tmes friuits are produced from
flower with out fertilisatien. [t is the

Ll FE CYCLE OF flEVElement of @n EIGDI'_‘-’E- feoti #n dnlertilisad
EROWN ALGAE female gamets, and this phenomenon is known

as Parthenogenesis,

Where does syngamy occur? [n most
aguatic organisms, such as a majority of algas,
syngamy occirs in the external medium (water],
i.e., outside the body of the organism, This type
of gametic fusion is called external fertilisation
[Figure 6.10). Organisms exhibiting external
fertilisation show great svnchrony between the

sexes gnd release a large number of gametes into

the surrounding medium (water] in:order 1o
Figure 6.10 Life cycie of Brown Algas enhance the chances of syngamy. In many

(Diptontic Life cycie) terrestrial organisms, belonging to fungi, and in
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-a majority of plants {bryophytes, pteridophytes, gymnosperms and angiosperms)|,
syngamy occurs inside the body of the organizm, hence the process is called internal
fertilisation, In organisms exhibiting internal fertilisation, egg is formed inside the
feniale body; the male gamete is motile and has to reach the egg in order to fuse with
it, In these, even though the number of sperms/ male gametes produced is very large,
there is a significant reduction in the nuntber of eggs produced. In seed plants,
however, the non-motile male gametas are carried to female gamete by pollen tubes.

6.3.1.5 Post-fertilisation Eveats
Events in sexual reproduction after the formation of zvgote are called post-
fertilisation events.

The Zygote

Formation of the dipleid zygote is universal in all sexually reproducing
organicms. In erganisme with external fertilisation, zygote is formed in the externsal
medium {usually water], whereas in those exhibiting internal fertilisation. zygote is
formed inside the body of the organism.

Further development of the zygete depends on the type of life:cycle the organism
has and the environment it is exposed 1o, In organisms belonging to fungi and algae,
Zygote develops a thick wall that is resistant to dessication and damage, It undergoes
a period of rest before germination. In these erganisms with haplontic life cyecle,
zvpote divides by melosis immediately after karyopamy to form haploid spores that
prow into haploid individuals.

Find out what kinds of development take place in the zygote in organisms with
gther tupes of life cycles (Refer chapter 4.

Zygote is the vital ink that ensures continuity of species between organisms of
one generﬂnnn and the next. Every ﬁemzaity reproducing erganism. begins life as &
single cell-the zZrgote.

Embryogenesis

Embryogenesis refers to the process of development of embrye from the zygote.
During embrvogenesis, zygote undergoes cell division (mitosis| and cell
differentiation. While cell divisions increase the number of cells in the developing
embryeo; cell differentiation helps groups of cells to undergo certain medifications
to form specialized tissues and organs to form an organism.

In flewering plants, the zygote iz formed inside the ovule. After fertilisation the
sepals, petals and stamens of the flower wither and fal! off.
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Can you name: some plants in which the sepals
remain attached? The pistil however, remsains
attached to the plani. The zvgote develops into the
embryo and the ovules develop into the seed. The
ovary develops into the fimit which develops a thick
wall called pericarp ‘that is pretective in lunction
[Figure 6.11). After dispersal, seads germinate
under favolirable conditlons to produce new plants,
However, in some planis such as mangroves, the

seeds germinate while still attached to the mother
Figure §.12 Vivipary in Rhizophora plant which i= known as vivipary (Fig 6.12). It iz a
sirategy 1o lower the environmental siressz and

enisuring successhil establishment of plantlet.
6.4 AN OveErviEw OrF TreE AnciosrerRM LiFE CycLE

Unlike the gymnosperms where the ovules are nalked, in the angiosperms or
flowering plants. the pellen grains and ovules are developed in specialized structures
called flowers. In angiosperms, the seeds are enclosed by fraits. The angiosperms
are an exceptionally large group of plants eocourring in wide range of habhitats. They
range in size from tiny, almost microscopic Welfia 1o 1all trees of Eucalyplus jover 100
metres). The male sex organ in & flower is the stamen. Each stamen censisis of a
slender filament with an anther &t the tip. The anthers, following meigsis, produce
pollen grains. The female sex organ-in & flower is the pistil or the carpel. Pistil consists
of an ovary enclosing one o many ovules. Within gvules are present highly reduced

female gametophyies termed embryosacs. The embryo-sac formation is preceded by
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meiosis. Hence, each of the cells of an embryo-sac is haploid. Each embryo-sac hasa
three-celled egg apparatus — one egg cell and two synergids, three antipodal cells
and two polar nuclei. The polar nuclei eventually fuse to produce a diploid secondary
nuclsus.

other agencies to the stipma of a pistil. This is termed as pollination. The pollen
grains germinate on the stigma and the resulting pollen tubes grow through the
tissues of stigma and style and reach the ovule. The pellen tubes enter the embryo-
sac where two male gametes are discharged. One of the male gametes fuses with the
ege cell to form & zygote (syngamy|. The other male gamete fuses with tha diploid
secondary nucleus to produce the tripleid primary endosperm nucleus (PEN).
Because of the involvement of two fusions. this event is termed as double fertilisation,
an event unique to angiosperms. The zygote develops into an embryo (with one or
two cotviedons| and the PEN develops into endosperm which provides nourishment
to the developing embryo. The synergids and antipodals degenerate after fertilisation.
During these events the ovules develop into seeds and the gvaries develop into fruit.
The life cycle of an angiosperm is shown in Figure 6.13. Plants have multicellular
diploid sporophyte stage as the dominant phase in their life cycle. Gametophytic
stage, though multicellular, is a much reduced structure and is totally dependent
on the sporophyte.

Fertilization gives rise to a multicellilar diploid sporophyte, which produces
haploid spores via meiosis and a few celled gametophytes. This type of life cycle is
ca_ﬁeﬂ & ﬂipiﬂ-‘hﬂplﬂnﬁc life eycle.



Microsporangium

Figure 6.13 Life cycle of an angiosparm
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SUMMARY

Eeproduction enablesa species to live generation affer generation. Reproduction
in arganismes can be broadly classified into asexus! and sexual reproduciion.- Asexual
reproduction does not invalve the formation or fasion of gametes, It is common in
organismes that have & relatively simple organisation such as the fungl and algas. The
offspring formed by asexual reproduction is identical and are referrad to as clones.
Zoospores, conidia, etc,, are the most commen asexual symictures formed in severs]
algae and fungl. Prokaryotes and unicellular organisms reproduce asexually by cell
division or binary fission of the parent cell. In several aguatic and terrestrial species
of anpiosperms, structures such as nunners, rhizomes, suckers, tubers, cifsets, etc.,
are capable of giving rise o new oiifspring, This method of asexual reproduction is

generally refarred to as vegetative propagation,

Sexmal reproduction involves the formafion and fusion of gamstes. Tt is & complex
and slower process as compared to asexual reproduction. Events of sexual
reproduction may be categorised into pre-fertilisation, fertilisation and post-fertilisation
events, Pre-fertilisation events include gametogenesis and gamete transfer whila post-
fertilisation events inchide the formation of zvgote and embryogenssis. Organisms
may be bisemial orunisexual, Sexuality in plants is varied, particularly in angiosgerms,
due to the production of diverse types of flowers. Plants are defined as monoecions
and dicecious. Flowers may be bisexual or unisexual flowers. Gametes-are haploid in
nature and nsually a direct product of medotic division except in haploid organisms
where gamstes are formed by mitosis. Transfer of male gametss iz a0 ezsentisl event
in-sexusal reproduction. If is refatively easy in bisexnal organisms. Inangiogsperme, a
special process called pollination ensures the transfer of pollen grains to the stiema.
Syngamy {fertili=ation| accurs between the msle and femasle pametes. Syogamy may
occur sither externally, |outside the body of organisme} or internally; (ineide the
bodyj. Syvngamy leads to the formation of & specialized cell called zygote. The process
of develapment of embryo from the zvgote is called embryogenesls, Zyvpate staris
developing soon after its formation.

In flowering plants, after fertilisation, ovary develops inte fruit and ovales mature
ints seeds, Inside the mature seed is the progenitor of the next generation, the embryo.



GLOSSARY

Apomixis: Rsplacemsnt of the normal
sexual reproduction by asexual
reproduction, without fertilisation,

Asexual reproduction: Reproduction not
involving the fusion of male and female
gametes, \s in vegetative re-
production, fssion, or bodding,

Budding: Keproduction of soms uni-
cellular organiems {such asyeasis| by
‘growth and specializanion followsed by
thezeparation by consiriction of a:part
of the prrent

Clone: Asexually reproduced offspring.

Eoniﬂinphnre: Specialized =tslks on
which mn.id_iﬂspt:ims gre formed.

Gnmd:mum} conidium: Assxualnon-
motile sporss of a fungus! also called
=35 mitospores produced by
conuligphore,

Dioecions: Presence of only one kind of
sex crggns either msle or femals oo a
single plant body.

Fission: A& form of as=ual reproduction
in single-celled organisms; involves a
division into two or more egusl parts
that-develop inic new cslls.

Fragmentation: It iz a form of asexus]
reproduction, where plant body breals
into fragments by meachsanical
methods.

Gamete: A cell that fuses with another
well during fertilication in orgenisms
that reproduce sexually.

Gametogenesis: It i= s proces= by which
diploid or haploid precursor ceils
undergo cell division and
ﬂ]ﬂ&iﬁﬂu&ﬂﬂﬂ to form mature haploid
gametes.

Gemmdae: Cup liks asexual reproductve
structures in plants and fungi.

Hﬁterot_h-:ﬂi{:: Male and femals
IEPIpﬂu_Et_iVE organs develep on
differsnt thall.

Homothallic: Having both male and
female reproductive organs on the

Karyogamy: It iz the fusion of nucle: or
genstic material of two cells, a= part of
stncamy, fertilization, or bacterisl
conjugation.

Monoeecious: Pressnce of both male s=x
organs and female ssx organz-o=n the
same plant body.

Parthenogenesis: In plants, it iz the
development of an embryo from an
unfertilized egz gell and is a form of
asexual reproduction.

Propagule: Plant material or units used
for the purpose of vegetative

Sporaangium (pl., ‘sporaagial [modsrn
Latin, from Greek =pora ‘spore’ +
angeion ‘vegsel.) 1= an enclozure in
which spores ars fnrm&d

Spore : [fisa reproduchvesiructure that
1= adapred for dispersal and survimng
for extendsd periods ef time in
unafsvorabls conditions, Spores form
part efthe life cycles of many bactaria
plants, salgzae, fung and soms

Syngamy: The fusion of two gameres 1n
fertilization.

Vegetative propagation: A form of asexual
repreduction in plants, in which
multicellular =fructurss becoms
detached from: the parent plant and.
davelop anto oew individuals that are
genetically identical to the parent
plant.

Zoospere : It is & motile asexusal spore
that usss a flagsllum for locometion,
also called s swarm spore, thess sporss.
are created by some algae, bacteria and
fung: te propagats themsalvss,
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VERY SHORT ANSWER TYPE QUESTIORS

1. Whart is the dominant phase in ths
life cycle of an angiosperm?

2. What iz meant: by hersrospory?
Mention the two types of spores
developsd in an angiospermic plant?

3. Menton the modes ofreproduction in

Algae and Funagi .

How do Liver worts reproduce

wegetAnvely?

5. Mention any two charactaristics of
bacteria and yeast that enabls them
to reproduce asexusily.

6. Why do we fefer 1o offspring formed
by asexual method of reproduction as
clones?

7. Between an annual and & perinneal
plant, which one has a shorter
juvenile phase? Give one reason.

8. Rearrangs the following events of
semusal m}l!ﬁd‘ﬂﬂhﬂﬂ.mtﬁﬂ s=qusncs
in which they occur in a flowening
planti embryogenesis, fernlization,
gametogenesis, polination.

9. 1Is there a relationship between the

size of an organism and it's life span?

Give reazons a= to why c=ll division

can or cannot be a type of reproduction

it mmltreeliniar organisms,

Which of the dfollowing are

Monoecious and dinecious

DrSarsms:

ajDate palm  b) Coconut

e| Chora d) Marchantia

Match the following siven in coloumn

A awith the vegeiative pmpﬁgu_lﬂs

given i coloumn B

10,

11,

A2

Column A Columa B
1. Agave ‘b Eyes
iii. Potato s, leaf buds

iv. Water hyacinth d. fragmentation

v, Cham e, sucker
vi. Mentha £ bulbils
13, Whatdo the following parts of a flower
develop into after fertilization?
) ovary. b) stamens
c| oviles d} calyx

14, Define vivipary with an example.

SHORT ANSWER TYFPE

QUESTIONS

1. In haploid orgenisms that undergn
sexual reproduction . name the stage
in' th=s lifecyele whsrs meicsis
occurs. Give reasons for vour
answer,

2. The mumbser of taxs exhibiting
asexusl reproduction is drastically

reduced in  higher plants

lower groups of plants. Analyse the
po=z:ble reasons for this situation

5. Is it possibls o consider vegetative
propogation observed in plants like
bryophyllum. water hyscinth.and
ginger as & type of asexwual
reproduction? Give two/ thres

4. “Fertlizsaton is not an obligatory
evest for fruit production in certain
plart=" Explaih the statement.

5. Lis: the chsnges observed in
sngicsperm flower subsequent to

6. Suggest a possible explanation why
the seeds in pes pod are arranged 0
5 rowvowhereas thoss in tomats are
scattered in the jhicy pulp.

7. Justify the statement Vegetative
reproduction 12 8les 5 type of assnasl
reproduction’,




LONG ANSWER TYPE
QUESTIONS

1.

sexual reproduction.

10.

T

Dehne

(a) Juvenile phase:

{b) Reproeductive phase.

Distinpuich between azexusl and
Why s
vegetative reproduction also
considered 85 a (wvpe of asexual
'ﬂs_pmducﬁuﬂ?.

Identifr each partin a flowering plant
and write whether it1s haploid (o) or
diploid (21).

{a) Ovary ——  [b) Anther——
{ej Egg—— {d] Pollen ——
(8] Mzle gamste ;
(7] Zvzots

Give a bricf account on the phases of
ths life oycle of an angiosperm plaat.

Enumerats the differsncss betwesn
aszexual and sexual reproduction.

Describe the types of asexual

reproducton exhibited by unicsliular
organisms,.

Although sexual reproduction is long
drawn, energy-intensive complex
form of reproduction, many groups of

this mods of reproduction. Give
atlanct i sesiton: Tor this
Deseribe: the postfertilisation
cha ig=s ‘Iﬁ':ﬂ fower.

EXERCISES

organisms?

Which iz = better mods of
reproduction =exual or asexual?
Why?

Why s ‘thi: t.‘l'fspﬂﬂg, fﬂ'l'mﬁﬂ b}"
clm? '

How doss the progeny formed from.
asexual reproduction Ehﬂ"er fmm-
thﬂmfm:ma&tgrsmmi n?
What is vegetative. pmlmgﬂ.t!ﬂ.ﬂ? Give
two suitable sxamples.

nghes organisms have resortad to
zexisl reproduction in spite of its
complexin. Why?
Eizglam wi'n‘

meiosis  and
are  always

10.

3.3

oo po obaig Lo
glantanduj—tu:dsﬁhfythestﬁnunatﬁ
andpa;mﬁamﬂm Do you know

any other plant that bears unisexual
ﬂﬁWEl'L

What is a bisexual flower? Collect five.
bisexual flowers from your
neighbourhood and with the help of
yvour teacher find out their common

FIGURE 6.1 (Lire Srans)
AnsweERs

T

Wolffia: 2 weeks (smallest angiosperm)
Pirues - 300 + years

Carrat - I year

Banana - About 2 yenrs.

Fice : 53 - 7 months

Fose Plant: 5+ years
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7.2 Pollination

73 F!uﬂm-pmrl
interaction

74 mmﬁsﬂm

7.5 Post-fertilisation
smmmmﬂm“

A lapk at the diversity of structures of the
inflorescences, flowers and floral parts, presented in the
earlier chapters shows an amazing range of adaptations to
ensure formation of the end products of sexual
reproduction, the fruite and seeds. To a boetanist, Towers
are morphological and embryological marvels and the sites
of sexual reproduction. Have you heard of floriculture —what
does it referto? Figure 7.1 will help you recall the parts of
a typical flower. Can vou name the parts in a flower in
which the two most important units of sexual reproduction
develop? In this i:ha'pter-, let nzunderstand the nature and
development of the structures and the processes associated
with sexual reproduction in angiosparms; this branch of
botany is called Embryology.

7.1 PRE-FERTILISATION STRUCTURES AND
EVENTS

Much beiore the actual flower is seen on a plant, the
decision that the plant is going to flower has taken place,
Several hormonal and structural changes are initiated
which lead to the differentiation and further development
of the floral primordium. Inflorescences are formed which
bear the floral buds and then the flowers. In the flower the
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Foure 7.1 Diagrammatic representation of L. S of a Aower

Figure 7.2 () A typicel stamen
(b} three-dimensional cul
section af an amther

male and female reproductive structures, the
androecium and the grnoecium, differentiate and
develop. You would recollect that the androecium
consists of a whorl of stamens representing the male
repreductive organs and the gynoecium represents
the female reproductve nrgan..

7.1.1 Stamen, Microsporangium and
Pollen Grain

Figure 7.2 (a} shows the two parts of a typical
stamen - the long and slender stalk called the
flament, and the terminzl generally bilobed structiare
called the anther. The proximal end of the filament is
attached to the thalamus or the petal of the flower.
The number and length of stamens are variable in
flowers of different species. If you were to collect a
stamen each from ten flowers (each from different
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Figure 7.3 (&) Transverse section of & young anther
(b)) Enlarged view al one microspomngium showing wall layers

species| and arrange them on & slide, you would be able to appreciate the large
variation in size seen in nature, Carefil observation of each stamen under a
dissecting microscope and making neat diagrams would elucidate the range in shape
and attachment of anthers in different flowers.

A typical angiosperm anther is bilobed with each lobe having two thecalsac|,
i.e., they are dithecous (Figure 7.2 b). Often a longitudinal groove runs lengthwise
separating the theca. The anther of Hibiscus is single lobed, and it is knewn as
monothecons. Letus understand the various types of tissuss and their organisation
in the transverse section of an anther (Figare 7.3 &|. The bilobed nature of an anther
iz very disrinct in the transverse section of the anther. The anther is a four-sided
(tetragonal) structure consisting of four microsporangia located at the corners, two

Figure 7.3 (c) A maiure dehtsced snther
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in each lobe. The microsporangia develop further and beconie pollen sacs, They

extend longitudinally ail through the length of ananther and are packed with pelien

grains,

Stmucture of microsporanginm

in & transverse section, a fypical microsporangium appears near circular in
putline, It i€ penerally surrounded by four wall layvers (Figure 7.3 bj- the epidermis,
endothecinm, middle layers and the tapetum. The outer three wall layvers periorm
the fonction of protection and help ih dehiscence of anther to releaze the pollen.
The epidermis iz one celled thick, the cells present between the pellen gacs are thin
walled snd this region is called a= stominm, which is usefizl for the dehiscence of
pollen sacs., The sndothecium is below the epidermis and expands radially with
fibroiis thickenings: at mahirity these cells lose water and contract and help in the
dehizcence of polien
sacs,. The innermost
wall layer is. the
tapetum. [t nourizshes
the developing pollen
graing. Cells of the
tapetuum possess dense
cytoplasm nd
generally have more
than one nucleus. Can

ot think of how tapetal
Figure 7.4 Scanning elecron micrographs of a few polien grains cells could become bi-
nucieate?
When the anther {g young, a group of comipactly arranged homogenous cells
called the sporogenous tissue occupies the centrs of each microsporangium.

Microsporogenesis : As the anther develops. the cells of the sporogenons tissue
undergo meiotic divisions fo form microspere teirads. This precess is known as

microsporogenisis. What would be the ploidy of the cells of the tefrad?

A= each cell of the sporogenous tissue is capable of giving rise to & microspore
tetrad, each one is a potantial pollen or microspore mother cell (PMC). The process of
formation of microsperes from a pollen mother cell through meiosizs iz called
microsporogenesis, The microspores, as they are formed, are arranged in & cluster of
four cells- the microspore tetrad (Figure 7.5 a). Astheanthers matare and dehyvdrate,
the ']JiCT-JSEﬂrE-S diszociate from each other and develop into pollen grains (Figure
T.21). Ingide each microsporangiim several thousands of micrespores or pollen grains
are i‘arme-j that are released with the dehiscence of anther [Figure 7.3 .,
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Pollen grain: The pollen grains represent the male
pametophytes. If yvou touch the epened anthaers of
Hibiscus or any other flower you would find deposition
of vellowish pewdery pollen grains on your fingers.
Sprinkle these grains on a drop of water taken on'&
glaszs slide and observe under a microscope. You will
really be amazed at the variety of architecture — sizes,
shapes, colours, designs — seen on the pellen grains
from differsnt species (Figurs 7.4).

Pollen grains are generally spherical measuring
about 25-50 micrometers in diameter. It has a
prominent two-layered wall. The hard outer layer
called the exine is made up of sporopollenin which is
one of the most resisiant organic material mown. It
‘can withstand high temperatures and strong acidsand
allcgli. No enzyme that degrades sporopollenin.is so
far Inown, Pollen grain exine has prominent apartures
called germ pores where sporopoilenin is absent,
Pollen grains are well presarved as fossils because of
the presence of sporopollenin. The exine exhibits a
fascinating array of patterns and designs. Why do you

think the exine should be hard? What is th& function of Figure 7.5 (a) Enlarped view of a pollen

" grain tetrad,
germ porefaperture): {b) stages ol a microspare

The inner wall of the pollen grain is called the maturing into a pollen grain
intine. It is a thin and continucus layer made up of
cellulose and pectin. The cytoplasm of pollen grain {5 surrcunded by & plasma
membrane. When the pallen grain is mature it contains two cells, the vegetative cell
and generative cell (Figure 7.5 (b]. The
vegetative cell is bigger, has abundant food
reserve and a large irrepgulariy shaped
nucleus, The generative cell is small and
fleats in the cytoplasm of the vegetative cell.
It is spindle shaped with dense cytoplasm
and & nucleus. In gver 80 per cent of
angiosperms, pollen grains are shed at this
2-celled stage (Figure 7.0]. In the remaining
species, the generative cell divides
mitotically to-give rizse to the two male
gametes before pollen grains are shed (3-
celled stage]. Figure 7.6 2-celled stage of pollen grains




Pollen grains of many species cause severe allergies and bronchial afflictions
in'some people often leading to chronic respiratery diserders— asthma. bronchitis,
etc. It may be mentioned that Parthenium or carrot grass that came into Indiz as a
seed contaminant with imported wheat, has become ubiquitous in occurrence and
causes pollen allergy.

Pollen grains are rich in
nitrients. It has become a
fazhion in recent vears 1o use
pollen tablets as food
supplements. In western
couritries, & large aumber of
pollen products in the form of
tablets and syrups are available
in the market. Polien
consumpton has been claimed
to increase the performance of
Figure 7.7 Polien Products athletes and rece horses
[Figure 7.7).

When once they are shed, pollen grains have to land on the stigma before they
lose viahility if they have to bring about fertilisation. How long de vou think the
pollen grains retain viability? The period for which pollen grains remain viable is
highly variable and to some extent depends on the prevailing temperature and
humidity. In some cereals such as rice and wheat. pollen-grains lose viability within
30 minutes of their releass, and in some members of Rosaceae, Leguminossae and
Solanacesae, they mainiain viability for months. It is possible to store pollen grains of
a larpe number of species for vears in lguid nitrogen (-196°C). Such stored polien
can be used as pollen banks, similar to seed banks, in crop bresding programmes.

7.1.2 The Pistil, Megasporangium (ovule) and Embryo sac

The gynoecium represents the female reproductive part of the flawer. The.
gynoecium may consist of a single pistil (monocarpellary| or may have mors than
one pistil (multiearpellary). When there are more than one, the pistils may be fused
rogether (synearpons e.g. Hibiscus, Papaveri (Figure 7.8 a. bl or may be free (apocarpous
e.g., Annona, Michelia) (Figure 7.8 ci. Each pistil has three parts [Figure 7.8 al, the
stipma, style-@nd ovary. The stigma serves as a landing platform for pellen grains.,
The style is the elongated slender part beneath the stigma. The basal bulged part of
the pistil is the ovary. Inside the ovary is the ovarian cavity (locule|. The placenta is
located inside the ovarian cavity. Recall the definition and types of placentation
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ta)

Figura 7.7 (a} A dissacted flower of Hibiscus showing pishl (other floral parts have been removed)
{b) Multicarpellary, syncamous pistil of Papaver
{c) A multicarpeliary, apocarpous gynoscium of Michelia
{d) A diagrammatic view of typical amatropous ovule

that yvou studied in the previous chapter. Arising from the placenta are the
megasporangia, commeonly called ovules. The number of ovules in an ovary may be
‘one (wheat. paddy, sunflowerj to many (papayva, water melon, orchids).

The Megasporangium (Owvule)

Let us familiarise ourselves with the structure of & typical angiosperm ovule
(Figure 7.8 (d). The ovule is a small structure attached to the placenta by means of &
‘stalk called funicle. The body of the ovule fuses with funicle in the region called
‘hilum. Thus, hilum represents the junction between ovule and funicle. Each ovule
hasz one or two protective envelopes called intepuments. Imteguments encircle the
ovule except at the tip where a small opening called the micropyle is organised.
Opposite the micropylar end is the chalaza representing the basal part of the ovule.

Enclosed within the integuments is a mass of cells called the nucellus. In
Loranthus the ovule is not covered by integuments. Helianthus and Datura ovules are
covered by a single integument. In monocots and polypetalous members, the
integuments are two. Cells of the nucellus have abundant reserve food materials.
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Figure 7.9 Types of Ovules

Located in the nucellus is the embryo sac or female gametophyte. An ovule generally
has a single embryo sac formed from a megaspore through reduction division. In
Polygonum the micropyle, chalaza and funiculus are on the same vertical line. This
straight ovule is knowh as Orthotropous ovule (Figure 7.9 {a). The ovules of Sunflower
family are inverted -and the micropyle lies close te funiculus as a result of 180
curvature alongside of the funiculus; such ovules are called anatropous ovules
[Figure 7.9 b). In bean family, the body of the ovule is placed at right angles to the
funiculus. Body of the ovule bends in such-a way that micropyle comes towards the
funiculus and the embryosac is slightly curved; these ovules are called
campylottopous ovules [Figure 7.9 ¢},

Megasporogenesis; The process of formation of megaspores from the megaspore.
mother cell is called megasporogenesis. Ovules generally differentiate a single
megaspore mother cell (MMC) in the micropyiar region of the nucellus, It is a large
cell centaining dense. cytoplasm and a prominent nucleus. The MMC undergoes
meiotic division. What is the importance of the MMC undergoing meicsis®Meiosis results
in the production of four megaspores |Figure 7.10 a).

Female gametophyte: In a majority of flowering plants. one of the megaspores
is functional while the other three degenerate. Only the functional megaspore acis
as a mothercell for the development of female gametophyte (embryo sac). This method
of embryo sac formation from a single megaspore is termed monosporic development.
What will be the ploidy of the cells of the nucelius, MMC, the functional megaespore and
Jemaie gametophyte?

Let us study the formation of the embryo sac in a little more detail. (Figure 7.10
b, ¢}, The nmucleus of the functional megaspore divides mitotically 1o form twe nuclei
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which move to the opposite
poles, forming the
2-nucleate embryo sac.
Twe moere seguential
mitotic nuclear divisions
result in the formation of
the 4-nucleate and later
the 8-nucleats stages of
‘the embrye sac. It is of
interest 1o note that these
mitatic divisicns are
strictly free nuclear, that
is, nuclear divisiong are
not followed immediately
by cell wall formation.
After the B-nucleate stage,
cell walls are laid down
leading ta the organisation
of the typical female
gametophyte or embryo

Figure 7. 10 {a) Parts of the ovile showing a large magaspore mollier
cell, a dyad and 2 tetrad of megasporas
(b} 2.4 and B-nucieate stapes of embryo sac and a mature
embryo sac
{c) A diagrmmatic representafion of the mature embiyo
sac.

sac. Observe the distribution of cells inside the embryo sac (Figure 7.10 b, ¢j. Six of
the sight nuclei are surrounded by cell walis and organized into cells; the remaining
two nuclel, called polar nuclei are situated below the egg apparatus in the large

centrzl cell.

There is a characteristic distribution of the cells within the embrye sac. Three
cells ars grouped together at the micropylar end and constitute the egg apparatus.
The egg apparatus, in turn, consists of two synergids and one egg cell. Thé éyﬂergids
have special cellular thickenings at the m_ic:mpj.rlar tfip called filiform apparatus,
which: play an important role in guiding the pollen tubes into the synergid. Three
cells are at the chalazal end and are called the antipodals. The large central cell, as
mentioned earlier, has two polar nuclei. Thus, a typical angiosperm embryvo sac, at
maturity, though B-nucleate is 7-celled.



7.2 POLLINATIOR

in the preceding sections you have learnt that the.
male and female gamestes in flowering plants are
produced in the pollenr grain and embryo sac,
respectivelv. As both types of gametes are non-motile,
they have to be brought togather for fertilisatien 1o occur.
How is this achisved?

Pollination is the mechanism to achieve this
objective. Transfer of pollen grains (shad from the anther|
to the stigma of a pistil is termed pollination. Flowering
plants have svolved an amazing array of adaptations to
achieve pollination. They make use of external agenis
to achieve pollination. Can you list the pessible extemal
agenis?

Kinds of Pollination : Depending on the source of
pollen. pollination can be divided into three types.

{1} Autogamy

In thig type, pollination iz achieved within the sames
flower. Transfer of pollen grains from the anther to
the stigma of the seme flower |salfing) |[Figure 7.11{al.
In a normal flower which opens and exposes the
anthers and the stigma, complete autogamy is rather
rare. Autogamy in such flowers requires synchrony
in pollen release and stigma receptivity and also,
the anthers and the stigma should lie close to each
other so that seli-pollination can occur. Some plants
such ‘as Vigla |[commen pansy|, Oxalis, and
Commelina produce two types of flowers -
chasmogamous flowers which open and are similar
to flowers of other species with exposed anthers and
stigma, and cleistogamons flowers which do net
open at all (Figure 7. 11 ¢j. In such flowers, the
anthers and stigma lie close to each other. When
anthers dehisce in the flower buds, pollen grains
come in coniact with the stigina to effect pollination.
Thus, cleistogamous flowers are invariably
autogamous as there is no chance of cross-pollen
landing on the stigma. Cleistogamous flowers

Figure T.41(g) Seif-poiinated flowera :
{blCrosa pollinaied flowsss produce assiured seed-set even in the absence of

{c) Cleistogamous flowers

pollinators.
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Do you think that cleistogamy is advantageous or disadvantagecus o the plant® Why?

(ii} Geitonogamy —Itis the transfer of pollen grains from the anther tothe stigma of
another flower of the same plant. Mmaﬁgh'-geﬁunagam}r is functionally cross-
pollination invelving a pollinating agent, genetically it is similar to autogamy.
since the pollen grains come from the same plant.

[iii) Xenogamy- It involves transier of pellen grains from the flower of one plant to
the stipma of another plant. This is the only type of pollination which brings
genetically different types of pollen grains to the stigma (Figure 7. 11 b).

T7.2.1 Agents of Pollination

Plants use two abiotic (wind and water| and one biotic (animals) agents to achieve
pollination. Majority of plants use bigtic agents for pollination. Oniy a small proportion
of plants use abiotic agents. Pollen grains coming in contact with the stigma is a
chance factor in both wind and water pollination. To compensate for this
uncertainties and associated loss of pollen gradns, the flowers produce enormonus
amount of pollen when compared to the
number of ovules available for pollination.
Pollination by wind (anemophily) is more
common amongst ablotic pﬂﬁiﬂ-aﬂens.
Wind pollination also reguires that the
pollen grains are light and mnon-sticky so
that they can: be transporied in wind
currents, They often possess well-sxposed
stamens so that the pollen is easily
dispersed into wind currents, |(Figure 7.12
a) and large often-feathery stigma to easily
trap air-borne pollen grains. Wind
pellinated flowers often have & single ovule
in each ovary and numerous flowers
packed into an inflorescence; a familiar
example is the corn cob —the bunch of sillcy
hairs vou see are nothing but the stigma
and style which wave in the wind to trap
polten grains. Wind-pollination is quite
common in grasses.

Figure 7.12 (8} A wind pollinated plant showing compact
inflerescence and well exposed stamens
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gure 1.12{c)

Pollination by water
(hydrophily) is guite rare in
flowering plants and is limited to
about 30 genera, mostly
monocoiyledons. As against this,
vou would recall that water is a
reguiar mode of transport for the
male gameiss among the lower
plant greups such as algae,
bryophytes and pteridophvtes, Itis
believed, particularly for some
bryophytes and pteridophytes, that
their distribution is limited
because of the need for water for
the transport of male gametes and
fertilisation. Some examples of warter pollinated plants are Vallisneria and Hydrilla
which grow in frech water and several marine sea-grasses such as Zostera. Not
all aquatic plants use water for pollination. In a majority of aguatic plants such
as water hyvacinth and water lily, the flowers emerge above the level of water and

Figure T7.12 (b) Pollinaticn by water in Vallisnera

are pollinated by insects or wind-as in'mest-of the land plants. In Vallisneria, the
female flowers reach the surface of water by the long stalk and the male flowers
are released on to the surface of water, They are carried passively by water
currents [Figure 7.12 b); some of them eventually reach the female flowers and
the stigma (epihydrophily|.

In another group of water pollinated plants such as seagrasses (Eg. Zostern),
female flowers remain submerged in water and the pollen grains are released inside
the water. Pollen grains in many such species are long. ribbon like and they are
carried passively inside the water; some of them resch the stigma and
achieve pollination (hypohydrophily). In most of the water-pellinated
species, pollen grains are protected from wetting by a mucilagincus
covering. Both wind and water pollinated flowers are not very colourful
and do not produce nectar. What wouwld be the reason for this?

Majority of flowering plants use a range of animals as pollinating
agents (zoophilyj. Bees, butterflies, flies, bestles, wasps, ants, moths
{uhtnmuphﬂ]r-pcﬂmﬂtiﬂn by insects], (Figure 7. 12 c| sunbirds and
humming birds, (ornithophily-pollination by birds) (Figure 7.12 d) and
bats (chiropterophily) are the common pollinating agents, Among the

Insect pollination animals, insecis, particularly bees are the dominant biotic pollinating



Repru&hcﬁon m .F.'ants

-agents, Even larger animals such as some squirrels
(therophily| primates (lemurs). arboreal (tree-
dwelling) rodents, or even reptiles (snakes-
ophiophily: Gecko lizard and garden lizard) have
also heen reported as pollinators in some species.

Often flowers of animal - pollinated plants are’
specifically adapted for a particular species of
animeal. Majority of insect-pollinated flowers are
large, colourful, fragrant and rich in nectar. When
the flowers are small, a number of fHowers are
clustered into an inflorescende to make them conspicusus, Animale are attracted to
flowers by colour and/or fragrance, The flowers pollinated by flies and beetles
secrete foul odours to atiract these animals, To sustain animal visits, the flowers
have to provide rewards to the animals, Nectar and polien grains are the usual floral
rewards, For harvesting the rewardisl from the flower, the animal visitor comes in
contact with the anthers-snd the stigme. The body of the animeal gsts a coating of
pollen grains, which are generally sticky in animal-pollinated flowers, When the
-animal carrying pollen on its body comes in contact with the stigma. it brings about
ﬁﬂ]ﬁ.ﬂaﬂaﬂ_

Figure 7,12 (d) Bird pollination

In some species, floral rewards are in providing safe places to lay eggs; an example
is that cf the inflorescence of Amorphophallus (the inflorescence is about 6 feet in
height]. A similar relationship exists between a species of moth and the plant Tuco
where both species —the moth and the plant—cannotcomplete their lifecycles without
each other. The moth (Tegeticila yuccaselia) deposits its eggs in the locule of the
‘ovary and the flower in turn, gets pollinated by the moth. The larvae of the moth
come out of the eggs as the seeds start developing.

Why don't vou observe some flowers of the following plante forany others available
teyouj: Cucumber, Mango. Peepal, Coriander, Papaya, Onion, Lobia, Cotton, Thbat-:l:n,
Rose, Lemon, Eucalyptus, Banana? Try to find out which animals visit them and
whether they could be pollinators. You'll have to patientiy observe the flowers over a
few days and at different times of the day. You could also try to see whether there is
-any correlation in the characteristics of a flower to the animal that visits it. Carefully
oheerve if any of the visitors come in contact with the anthers and the stigma as only
such visitors can bring about pollination. Many insects may consume pollen or the
nectar without bringing about pollination. Such floral visitors ‘are referred 0 as
pollen/nectar robbers. You may or may not be able to identify the pollinators, but
vou will surely enjoy vour efforts!



Figure 7.13 (a) Herkogamy in

Hiblscus

1

Figure 7.14 Pollen grains geminating

on e stigma

7.2.2 Outbreeding Devices

Majority of flowering plants produce hermaphrodite
flowers and pollen grains are liksly to come in contact
with the stigma of the same flower. Continuled self-
pollination resulis in inbreeding .depression. Flowering
plants have developed many devices or adaptations or
contrivancea to discourage sslf-pellination and tw
encourage cross-pollination. In some species, polisn
release and stigma receptivity are not syochronised
[dichogamy]. Either the pollen {8 released hefore the stigma
becomes receptive (protandry. =.g.. Sunflower| or stigma
becomes receptive much before the release of gollen
[protogyny .z., Daturg, Sglanum), In some other species,
the anther and stigma are placed at different pesitions so
that the pollen cannot come in contact with the stigpma of
the same flower (herkogamy, 2.z, Hibizous (Figure 7.12 &),
(loripsa. Beth these devices prevent auleogamy. [he third
device 1o prevent inbreeding is the siyles of the flowers of
the same species are in different helghts [heterostyly]
[Figure V.13 bl. The fourth device to prevent inbreeding is
self sterility (self-incompatibility) leg. Abutlon) Thisisa
genetic mechanism which prevents self-pollan from
fertilising the evules by inhibiting pollen germination or
pollen tube growth in the pistil. Another device to prevent
self-pollination is the production of unisexual flowers
(dicliny|. If both male and female {lowers are present on
the same plant such as castor and maize (moncecious), it
prevents autogamy but not geltonopamy. Inn several spacies
suchas Pepaya, male and female {lowers are present on
different plants, i.e., each plant is either male or female
[dioecious). This conditon prevents both autogamy and

OeilonocEamy.

7.3 POLLER-PISTIL INTERACTION

Pollination does not guarasitee the transier of the right
tvpe of pollen [compatible pollen of the same species as
the stigma). Often, pollen of the wrong type, either from

other species or from the same plant also land on the

': Botany IR
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stipma. The pistil has the ability to recognise the pollen, whether it is of the right type
(cempatible] or of the wreng type (incompatibie|. If it is of the right type, the pasul
accepts the pollen and promotes post-pollination svents that lead to fertilisation, If
the pollen is of the wrong type, the pistil rejects the pollen by preventing pollen
germination on the stigma or the pollen tubs growth in the style. The ability of the
pistil to recognise the pollen followed by its acceptance or rejection is the resuit of a
continuous dialopue batween pollen grain and the pistil. This dialogue is mediated
by chemical components of the pollen interacting with those of the pistil. Itis only in
recent years that botanists have been able to identify some of the pollen and pistil
componetits and the interactions leading to the recognition, followed by acceptance
or rejection.

As mentioned earlier, following compatible pollination, the pollen grain
germinates on the stigma (Figure 7,14} to produce a polien tube through one of the
perm pores (Figure 7.16 ai. The contents of the pellen grain move into the pollen
tube. Pollen tube grows through the tissues of the sta.g:lm and style and reaches the
ovary. You would recall that in some plants, pollen grains are shed at two-celled
condition (a vegetative cell and a generative celll. In such plants. the generative
cell divides and forms the two male gametes during the growin of pollen tabe in the
stigma. In plants which shed pollen in the three-celied condition. pollen tubes carry
the two male gametes frem the beginning. Pollen tube. travels through the-style and
reaches the ovary. The pollen tube after reaching the ovary enters the ovale through
the micropyle (porogamy) (Figure 7. 15 al and then enters one of the synergids through
the fliform apparatus (Figare 7.16 b, ¢|. The pellen tube may enter the ovule through
chalaza (chalazogamy) (Figure 7,15 b) or through the integuments (mesogamy) (Figure
7.15 ) . Many recent studies
have shown that filiform
apparatus present at the
micropylar part of the synergids
guides the entry of pollen tube.
All these events—from pollen
deposition on the stigma until
pollen tubes enter the ovule—are
together referred to as polien-
pistil interaction. As pointed out
eariier, pollen-piztil interaction
is a dyvnamic process involving

‘pollen recognition followed h}r Figure 7.15 (a) Entry of Pollen tube through Micropyls
) : o e i {b) Entry of Pollen tube through Chalaza
promotion or inhibition of the (€} Enry of Pollen tube through integuments,




Figure 7.16 {a8) Polien grains germinating on the stigma
b} Enlarged view ol an egg spperatus showing entry of pollen tube into & synergid
{c) Discharge of male gameies

Figure 7.17 (a} Fertilised embryo sac showing zygote and primary Endosperm Nucleus (PEN)
{b} Stages in embryo development in a dicol
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pollen, The knowledge gained in this area would help the plant breeder in
‘manipulating pollen-pistil interaction. even in incompatible pellinations. 1o get
desired hybrids,

You can easily study pollen germination by dusting some pollen from flowers
such as pea. chickpea: Crotalaria, balsam and Vincaon a glass slide containing &
drop of sugar solution [about 10 per cent)], After about 15-30 minutes, observe the
slide under the low power lens of the microscope. You are likely to seée pallen tubes
coming out of the polien grains,

As you shall learn in the coming chapters on plant breeding, a breeder is
interected in crosshig different species and often genera to combine desirable
characters 1o produce commercially ‘superior’ varieties.

7.3.1 Artificial Hybridisation

It is one of the major approaches of crop improvement programme. In such
crossing experiments it is important to make sure that only the desired pollen grains
are used for pollination and the stigma is protected from contamination (from
unwanted paolienj. This is achieved by emasculation and bagging techniguss.

If the female parent bears bisexual flowers, removal of anthers from the flower
bud before the anther dehicces using a pair of forceps is nacessary. This step is refarred
1o as emasculation. Emasculated flowers have to be covered with a bag of suitable
size, generally made up of butter paper, to prevent contamination of its stigma with
unwanted pollen. This process is called bagging. When the stigma of bagged flower
attains receptivity, mature pollen grains collected from anthers of the male parent
are dusted on the stigma, and the flowers are rebagged, and the fruits allowed to
develop.

If the female parent produces unisexual flowers, there is no need for
emasculation, The female flower buds are bagged before the flowers cpen. When the
stipma becomes receptive, pollination is carried out using the desired pollen and
the flower rebagged.

7.4 DouBrLE FERTILISATION

Afrer entering one of the synergids, the pollen tabe buarsts and releases the Two
male pametes into the cytoplasm of the synergid, One of the male pametes moves
towards the egg cell and the nuclens of the male cell fuses with its nucleus thus
completing the syngamy or fertilisation. This results in the formation of a dipleid
cell, the zygote, The other male gamete moves towards the two polar nuclei located
in the central cell and fuses with them to produce a triploid primary endosperm



nucleus (PEN) (Figure 7.17 a). As this involves the fusion of three haploid nuclei, it
iz termed triple fnsion. Since two types of fusions, syngamy &nd triple fusien, take
place in an embryosac, the phenomenon is termed double fertilisation, an event
unique to fowering plants, The central cell after triple fusion becomes the primary
e:ndﬁnperm ceil [PEC] and develops into the cndtmjmrm while the zvgote develops
into an embryo {Figure 7.17 b

7.5 POST-FERTILISATION: STRUCTURES Arp EVENTS

Following double fertilisation, svents of endosperm and embryo development,
maturation of ovule(s) into seed(s) and ovary into fruit, are collectively termed post-
fertilisation events. The accessory organs, stamens and swile wither and fall off

7.5.1 Endosperm

Endosperm development precedes embryo development. Why? The primary
endosperm cell divides repeatedly and forms a triploid endosperm tissue. The cells
of thig tizssue are flled with reserve food materials and are used for the nutrition of
the developing embrye. In themest cemimon type of endosperm development,
the PEN undergoes successive nuclear divisions to give rise to free nuclel. This
stage of endosperm development is called free-nuclear endosperm. Subsequently
cell wall formaticn occurs and the endosperm becomes cellular. The number
of frae nuclel formed before cellularisation varies greatly. The coconut water from
tender coconut that you are familiar with, is nothing but free - nuclear endosperm
Imade up of thousands of nuclei] and the surrounding white kernel is the cellular
endosperm.

Endosperm may either be completely consumed by the developing embryvo (e.g.,
pea, groundnut. beans| before seed maturaton (such seeds are described as non-
endospermic seeds| or it may persist in the mature seed (endospermie e.g.. castor
and coconut] and be used up during seed germination . Split open some seeds of
castor. peas, beans, groundnut, and frult of coconut and look for the endosperm in each
case. Find out whether the endosperm is persistent in cereals — wheat, rice and maize.

7.5.2 Embryo

'Emhr_i,ru develops at the micropylar end of the embryo sac where the zygote is
situated. Most zygotes divide only after certain amount of endosperm is formed. This
is an adaptation to provide assured nutrition to the developing embryo. Though the
seeds differ greatly, the early stages of embryo development (embryogeny) are similar
in both monocotyledons and dicotyledons, Figure 7.17 (b} depicts the stages of
embryogeny in a dicotyledonous embryo. The zygote gives rise to the proembryo
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and subsequently to the globnlar, heart-shaped and
-mature embryo.

A typical dicotyledonous embryo (Figure 7.18 al
consists of an embryonal axis and two cotyledons. The
cotyledons are often fleshy and full of reserve food
material in dicots. The portion of embryonal axis above
the level of cotyledons is the epicotyl, which terminates
with the plummule or stem tip|first apical bud of shoot].
The cylindrical portion below the level of cotyledons is
hypocotyl that terminates at its lower end in the radicle
or root tip. The root tip is covered with a Toet cap.

Embrvos of monocotyledons (Figure 7.18 b) possess
only one cotyledon. In the grass family, the cotyledon
is called seutellum that is sfmaated towards cne side
{lateral] of the embryonal axis. At its lower snd, the
embryonal axis has the radical and root cap is enclesed
in an undifferentiated sheath called coleorhiza, The
portion of the embryonal axis above the level of
attachment of scutellum is the epicotyl. Epicotyl has a
shoot apex and a fewleaf primordia enclozed in a hollow
foliar étrtxﬂmre; the eoleoptile. The cuter covering of
the endosperm separates the embryo by a proteinacecus
layer called aleurone layer.

Oecasionally, in some seeds such as black pepper
and beet, remnants of rmcellus are also persistent. This
residusl, persistent nucellus is the pﬂnspt:tm

7.5.3 Structure of a Dicotyledonous Seed

The cutermest covering of ‘& seed is the seed coat.
The seed coat has two layers, the cuter testa and the

o)

Figure 7.18 (a) A typical dicot embryo
(1) L.S of an embryo of
grass (Monocol)

inner tegmen. The hilum is a scar on the seed coat through which the developing
seeds were attached to the fruit. Above the hilum is a small pore called the micropyle.
Within the seed ceat is the embryoe, consisting of an embryenal axis and two
cotyledons: The cetyledens are often fleshy-and full of rezerve food materials. At the
two ends of the embryonal axis are present the radicle and the plumule (Figure
7.19). In some seeds such as castor, the endosperm formed as & result of double
fertilisation, is & food storing tissue. In plants such as bean. gram and pea, the
endosperm is nof present in mature seeds and such seeds are called non-

endospermous.



7.5.4 Structure of Monocotyledonous Seed

Generally, monocotyledonous seeds are endospermic but some as in orchids
are non-endospermic. In the seeds of cereals such as maize, the seed coat is
membranous and generally fused with the fruit wall, The endosperm is bulky and
stores food. The outer covering of endosperm separates the embryc by a proteinous
layer called aleurone layer. The embryo is small and situated in a groove at one end
of the endosperm. It consists of one large and shield shaped cotyledon known as
scutellum and a short axis with a plumule and a radicle. The plumule and radicle.
are enclosed in sheaths which are called coleoptile and coleorhiza respectively

{Figure 7.19).

Figure 7.19 Structure of Seeds

Scak a few seeds in water {say of wheat, maize, peas, chickpeas, ground nut)
overnight. Then spiit the seeds and cbserve the various parts of the embryo and the
seed.

7.5.5 Significance of Fruit and Seed

Integuments of ovules hardeni as tough protective seed coats, The micropyle
remains as a small pore in the seed coat. This facilitates entry of oxygen and water
into the seed during germination. As the seed matures, its water content is reduced
and seeds become relatively dry (10-15 per cent moisture by mass). The general
metabolic activity of the embryo slows down. The embryo may enter a state of inactivity



called dormaney, or if favourable conditions are available jadeguate moisture, oxyzen

and suitable temperature|, they germinaie.

Many fruits have evolved mechanisms for dispersal of seeds. A fruit is an
adaptation for dispersing seeds e.g., coconuts float, martynis (Tiger claw plant] catch
onto animal fur: seeds of Guava and Figs are eaten by birds are not digestible but the
hard seed coat is partly softensd. The fraits sttract the andmals by providing food for

the dizpersal of the seads,

Is there any relationship between number of owudes tn an ovary and the number af
se=ds present in a frudt?

Thers iz wide variation in the size of the mature seeds
eg. in Orchids the seed is microscopic and the seeds are
produced in more numbers, each sesed measures 55
micromeiars and weighs 0.81 micrograms, where as the
imrgest seed can be seen in Lodecia maldivica, the double
coconut {Fig 7.200 which measures 30 cm long, nearly

90 cm in circuniference and weigh 18 kg.
Seeds offer several advantages [o angiosperms,
Firstly, since reproductive processes such as pollination

and fertilisation are independent of water, seed formation

iz more dependalble. Also sesds have betier adaptive
strategies for dispersal to new habitats and help the Figure 7.2 Doubie Coconut
species to colonise in ctherareas. Asthev have sufficient

food reserves; young seedlings are nourished until they are capahle of photesynthesis
on their own. The hard seed coat provides protection to the youhg embryo. Being
products of sexusl reproduction, they generate nsw genetic combinations leading

to variations.

Seed iz the basis of our agricultare. Dehydration and dormsncy of matare seeds
are crucial for storage of seeds which can be used as food through out the year and
also to raise crop in the nexi season. Can you imagine agriculture in the absence of
seeds, or in the presence of seeds which germinate stradght away soon after formation
and cannet be stored?

How long do the seeds remain alive after they are dispersed? This period again
varies greatly. In & few species, the seeds lose viahility within a few months. Seeds of
a large number of species live for several vears. Some seeds can remain alive for
hundreds of years, There are several records of very old vet viable s=eds, The oldest
iz that of a lnpine, Lupinus arciicus excavated from Arctic Tundra. The szeed
perminated and fowered after an estimated record of 10,000 years of dormancy.



A recent record of 2000 vears old viable seed is of the date palm, Phoenix dactylifera
discovered during the archeclogical excavation at King Herod’s palace near the Dead
Sea.

After completing a briel account of sexual reproduction of flowering plants, it
would be worth attempting to comprehend the enormoeus reproductive capacity of
some flowering plants by asking the following guestions:

Hew many eggs are present in an embryo sac”

How many embryo sacs are present inan ovule?

How many oviles are present in an ovary?

Hew many ovaries are present tn a typical flewer?

How many flowers are present on a tree? And soon..

Can vou think of some plants in which fruits contain very large number of seeds?
Orchid fruits are one such category and each fruit contain thousands of tiny seeds,
Similar is the case in fruits of some parasitic speciss such as Orobanche and Siriga.
Have you seen & tiny seed of Ficus? How large is the tree of Ficus developed from that
tiny seed. How many billions of seeds does each Ficus tree produce? Can vou imagine
any other example in which such a tiny structure can produce such a large biomass
over the years?

7.6 AroMIXIS, PARTHENOCARFY AND POLYEMBRYONY

Although seeds. in general. are the products of fertilization, a few flowering plants
such as some speciss of Asteraceas and grasses, have evolved a special mechanism,
to produce seeds without fertilisation, called apomixis,

The fruit production without fertilisation of the ovary is called parthenocarpy
and these fruits do not possess seeds, e.g., Grapes, Banana. Parthenccarpy may be
natural or induced. This phenemenon is applied for the commercial production of
sesdless frusts.

Apomixie iz & form of asexual reproduction that mimics sexual reproduction.
Can they be called clones? There are several ways of development of apomictic seeds.
In some species. the diploid egg cell is formed without reduction division and
develops into the embryo without fertilisation. It is an assured reproduction in the
absence of pollinators, such as in extreme environments.

More often, as in many Citrus and mango varieties, some of the nucellar cells
surrounding the éembryo sac start dividing, protrude into the embryo sac and develop
into the embryes. In such species each ovle contains many embryes. Occurrence
of more than one embryo in a seed is referred 1o as polyembryony.
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Take out some seeds'of orange and squeeze them. Observe the many embryos of
different sizes and shapes from each seed. Count the number of embryes in each
seed, What would be the genetic nature of apomictic embryoes? Can they be called
clones?

Hybrid varieties of several of our food and vegetable crops are being extensively
cultivated. Cultivation of hybrids has tremendously increased productivity. One of
the problems of hybrids is that hybrid seeds have to be produced every year. If the
seeds coliected from hybrids are sown, the plants in the progeny will segregate and
do not maintain hybrid characters. Production of hybrid seeds is costly and hence
the cost of hybrid seeds becomes too expensive for the farmers. If these hybrids are
made into apomicis, there is no segregation of characters in the hybrid progeny.
Then the farmers can keep on using the hybrid seeds to raise new crop vear after
year and he doss not have to buy hybrid seeds every vear. Because of the importance
of apomixis in hybrid seed industry, active ressarch is going on in many laboratories
around the world to understand the genetics of apomixis and to transfer apomictic
genes into hybrid varieties,



S Botany

SUMMARY

Flowers are the sear of sexual reproduction in angiosperme. In the fower, androscium
cofisisting of stamens represents the male reproductive organs and gypnoschigs CONSI=ng
of pistils represents the femasle reproductive organa.

A wypical anther i= bilobed, dithecous and tetrssporangiate. Pollen grains develop
tn=ide the microsporanpgia. Four wall Iavers, the epidermis, sndothecinm, middle layers
and the tapetum surround the microsporangsium. Cells of the sporogenons ti=ste Iying 1n
the centre of the microsperangrum, undesgo meiosis {microsporogenses| to form teirads
of micrazpores: Indbndus! microspores manareinto pollen graies. Pollen srains represenis
the male gametophytic generation.  The pollen grains havea two-laversd wall the outer
exine andinner intine. The exine is made up of sporopollenin and has germ pores. Pollen
grains may have two-celled {8 vepstative cell and panerative gell] or three calle (3 vegstative
cell and two male gamstes) &t the-Bme of shedding;

The pistil has three parts — the stipma, style and the ovary, Ovales are pressnt in
the ovary. The ovules have s stallk called funiole; protective intemumernt|s|, &nd 0 opening
called micropyie. The ceatral tiszue is the aucelliz in which the archesporiom
differentiates. A cell of the archesporum. the megazpore mother cell divides mesotically
and cne of the megaspores forms the embryo sac [the female sametoplives]. The mature
embryo =sc 1z [~celled snd &-muckeate: At the micropyler end 1s-the egg spparsms:
consisting of two synergids and an app cell, At the chalsesl end are three antipodalizs. At
the centrs i= a large central c=ll with two polar oucled.

Pollination iz’ the mechanism to transfers pollen graine from the anther to the stigms.
Pollinating apents are srther aotic [wind and waier| or biotic (ammsla).

Pollen-pistil interaction involves sll svents from the landiag of pollen grains an the
stisma untl the pollen tube entérs the embryo sac (when the pollen = compatible) or
pollen inhibition (when the pollen is incompatble). Following compatible pollinatica, pollan
grain germinaies on the stigma and the resulting pollen tube grews throucsh the skyls,
enters the omle and finally discharges two male ‘gametss m one of the gynergids.
Anpioeperms exhibit dowbic fertili=ation becau=e two fusion events occur 1n each embryo
sac, oamely syngamy and tripie fasion. The products of thess fusions are respectively,
the diploid z¥eote and the triplod primsry endosperm nucleus (i the primary endosperm
eell). Zygots devslopsinto the embryo and the primary endosperm coll formizs the endosperm
tiszue, Formation of endosperm slwavs pracedss development of the embryo. The
developing embryo passses through different etags= zuch as the proembryo, globular sod
heart-shaped stages before metiration. Mature dicetyledonous embryo has two cotvledons
and an embryonal sxis with epicoivl and hypocotyl, Embryoz of monecotyledons have s
single cotviedon, Afier fertheation, ovary develops into fruit and ovuilss develop into
zeeds.

Aphernomenon called apomimie i€ found in some angiosperms_ parboularly in orasses,
It resultz 1n the formation of seeds withoat fertilisation,  Apomicts have several advantsses
wi-horticultuire and agriculturs, Some angiozperms produes more than ope embrye in
thieir zead. Thie phenemenon i= ealled polvembivony.
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GLOSSARY

Allogamy: Transfer of pollengrains from
one flower to another
Anemophily: Pelhination by wind.

within the =ame flowsr
Antipodals: Three cells present in ths
embryosac towards chalaza.

fernilisation.

Ghamuga_mg": Follination occurnng in
an opened flinver.

Chiropterophily: Pollination by bats.

Cleistogamy: Pollination occurring in a
clozed flower,

Clone: Meorphologically and geaetically
sipnlar individual produced through
means other than sexual reproduction.

Chalaza: Bassl portion of the nucellusin

SOQEAr.
Chalazogamy: Eniry of pollen tube into

oTrils.
Coleorhiza: Undifferentiated sheath of

root cap.
Celeoptile: Hollow foliar structure of
epicoiyl. that encloses plumule.

stigms in & flower at different times

different plants
Doublefertilization:

nucleus; characteristic feature of
angiosperms.

Entomophily: Pollinstion by insects

Eggapparatus: Thres cells preseptin the
embryosac towards-micropyle.

Egg cell: Female gamets cell hanging in
embryosac in betwesn synergids.

Autogamy: Transfer of pollen grains:

Apomixis: Production of sseds without

the evuls from which the integuments
embryosac through chalaza of the

embryonal axis enclosing radicle and

Dichogamy: Ripsning of snthers and
Dicecious: Male and female flowers on
Two fusion

processss: (4| one male gamete + gz
cell [b) sefond male pamete+ secondan:

Embryo: Miniature plant consisting of
axis (plumule, radical) and cofyledons
enciossed in the ===d coat.

Embryology: Branch of science which
desls with development and formaticn
of gametes process of fertilisation and
development of embryo.

Emhryosac: Female gametophyte
containing egg apparatus, secondary/
pelar muclei -and antipedals ! in
angicsperms mostly 7 celled (8-
nuclsate|.

Endosperm: Nutritive tissus for the
developing embryo; in angiosperms it is
& tnplod tissus.

Endothecium: The Iayer below the
epidarmis i anther wall with fibrous
bands on tangsntial walls, which help
in dehizcence of anther,

Fertilization: Fusion of male gamets with
the =gz cell.

Floriculture: Cultivation of flower yi=iding
plants

Funicle: Stalk of the ﬂvuit?‘

Gametophyte: Plant body with haploid
cells producing gametes.

Geitonngmy : Transfer of pollen grains
from one flower to another of the zame
plant.

Herkogamy: Anthsrs and stizmsa at
different heights or in different
directiones.

Heterogametes: Two morphologically
distinet gametes {mals and female).
Homogamy: Anthers and stigms cf a

ﬂﬂWEr ripen at the same time,

Hydrophily: Pollination by water.

Integuments: Multicellular cosats
Protecting the nucellus in the owmale.

Isogametes (Homogametesj: Two
Gameter are similar in structurs snd
function.

Juvenile Phase: The stags of srowth and
Manirnty.




Malacophily: Follination by snails

Monoecious: Mgls and female flowsr=on
the same plant.

Megaspore: Haploid c=ll, developing into
femals gamstophyt=s or embryocsac,

Mesogamy: Entry of pollen tube through
bese of ovule or throupgh funicle or
intesumerits.

Micropyle: An opeaning into the ovule
where integuments do not enclose l.‘:hz
nm.‘&ﬂ].]s,

Microspore: Pollen gramn developing into
male gametophyte [3-celled.]

Nucellus: Msass of thin wallsd
parenchymatous tissue inside the
gvule.

Ornithophily: Pollination by birds,

Owyule:; Megasporangium o ﬂﬂwmring
planis.

Pericarp: The cuter wall of 5 froit .

Perisperm: The persistent residual
nuceilis, -

Pollen Bank: It 1= & collection of pollen
grains in viable state of posterity. Pollen
banks are mnmportent, &= 1 csn made
svailabls pollen for breeding
experiments, and for raising haplowd

Pollen/ Nectar robbers: Insects which
consume pollen or pectar without
helping in pollineton.

Pollination: Transfer of pollen grains from
anther to stizma.

Fnl_'h_ﬂatnm. Agents which help in
polliination.

Protandry : Ripening of anthers sarlier
than stigmss of sames flower.

Protogyny : Ripening of stigma earlier
than anthers of zame ﬂﬂWEr.

Plumule: Apex of epicoty] region of the axis
of embryo which develops into shoot

Pﬁlymbrjnnjr. Devslopment of mors than
o émbryo, in the Same geed.

Porogamy: Entry of pollen tube through
the micropylar end ofthe svuls.

Primary Endosperm Nucleus: Tripioid
nuclsus formed by the union of sscond
male gamste and fusion product of two
polar nuclss,

Radicle: Lower portion of hypocotyl region
of the axis of embryo which devslops
into root svstem,

‘Raphe: Part of funicle in sn inverted
ovule, which remain attached beyond
h.:h.:mﬂlcrng suie of the ‘body of ownile,

Seutellum: Cotyledon of Monecots (Grass.
Family).

Secondary Nucleus: Fusion product ef two

polar nuclei,

Seed bank: It is & collection of sesds in 2

viable state of posterity. It i= one of the
most efficient methods of ex-zitu
conssrvation for ssxuslly reproducing
‘=peciss.

Self sterility: Inability of pollen grainsto
germinate on stigma of the sams

Sporophyte : Plant body with diplo:d cells.
producing haploid-spores by metasis
spore-mother cells,

Synergids ;: Two cclle present on either
side of egg in'egg apparatus.

Syngamy: Fusion of male gamete and egz
gell inm Angiosperms: | (primary
fertilization|

Tapetum: Innsr mostwall lajer of anther
nourishing the developing microsporss.

Triple Fusion: Fusion of s=cond male
gamete and fusion product of two polar
nuclei (sscondary fertilisation),

Vivipary: The ssods germinate wihile they
are siill artached to the mothar plant

Xenogamy: Transfer of pollen grains from
one plant to aancther of the sams
‘ESpEecies.

Zoophily: Pollination by amimals:

Zygote: Diploid cell formed by the fusion
of mals and female gamstes.
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VERY SHORT ANSWER TYPE QUESTIONS

14

2.

L

10.

11,

12,

13.

B

=,

Name the componsnt cells of the ‘=gz

Name the part of _ggﬂﬂecium that
determines the Sompsatible nature of

pollen grain,
Name the commopn functione that
cotyledons and gucsllusperform.

Name the parts of pstil which develop:

mto frat and seads.

In case of ployembryony, fan embryo
develops from the synersid and
snother from the mucstus which =

haploid and which is diplad ?

tﬂ_ﬂ an unfiestilised, apomiciic

embryo =8c give-rize to a diploid
ambeyo 7 Hyes, then how ?

Which are the three cells found in a:

pollen srain when it iz shed st the
three called stage ?

What is seli-incompanbility ?

Nams the typs of pollination in ssif-
Hnaathis bl )

Draw the dicgram of & msture embryvoe
&ac snd show s S-nuclests, f~t:El'|ﬂd
nature, Show the fa‘llnwmgyﬁm
antipodals, synergids. egs, ceatral
cell, polar nucles;

Which i= the triploid tissue in a
fertilized ovule 7 How is the triploid
condition achieved ?

Ar= pol.hnanun and fertilisation
nscessary in spomixis? Give

TERI0NS,

How is pollination carried out in water
plants ?

What i5 the function of the two male
gametes pz'miut:e.d by each pulien-

grain in angiosperms,

Name the parts of an angiosperm

flower 11 which development of male
and femate gametophrte take place.

16,
=

18,

19

20,

‘What i= meant hy monosporic

'iﬁ“ﬁlﬂPmtﬂffmﬂla gﬂmamphyte?
Mention two strategies svolved to

‘prevent self-pollination in flowers,

Why do wvou think the zypete i=

'ﬁ‘_nrmnmﬁ}r _.-;Bm:e'hmﬁmﬂ.fﬂ‘lﬂmﬂd

ovale 7
If one can induce parthetocErpy
through the application of growth

‘substances.which fruits would you

select to induce parthenocarpy and
wh}".;"
Explain the role of tapetum in the

formation of pollen grain wall.

SHORT ANSWER TYPE
QUESTIONS

L

B

Tast thres strategpies that & isesxial

chasmogamons flower cen evoive 1o
pravent selfpﬂﬂjﬂahnn |autegamy].

Given below ars the events that are
obzsrved 1n ansrificial hybrdization
programme. Arrenge them in the
corract s&quen‘hﬂ order i which

'thE'i' are followed inthe hybridization
'prngrﬂmme
sl Re-bagaing

o) Selection of parents

{c| Bagging

{d} Dusting the pollen on stizma
(13 E.T.Ifi.ﬂ‘_'-ﬂi.'ﬂ.ﬂ.ﬁﬂﬂ.

{fi Collection of polien from male

Nivipary automatically limita the

number of offeprings in a litter. How?

Tloes zelf incompatbility tmposs any

rastrictions o autogamy ? Give
reasons and Euggeﬂt th= n:lﬂihmi nf

_pﬂ‘llinatn:lﬂ in such plants.

Whatis polvembryonyand howcan




&,

10.

i1,

12,

1=

B L

Are parthenocarpy and apomixis

-different phenomens ? Discoss their
‘benefits,

Why does the zygote begin 1o divide

un_ty &fter the division of Primary

endosperns eil (PEC]?

The generative cell of two-celled

pollen divides inthe pollen tube bt

fot in & threccelled pollen. Give

rezzons.

Dizcuss the various types of pollen

tube entry into ovary with the help

of diagrams.

Differentiate betwese micro-
gﬂtﬂsaitdmeg&spmugﬂmﬂs

Which type of cail d_tmmn goours

&ufmg thess svent=? Nams the

structures formed at the end of these

TOrD: EVELE:

What iz bagging techaique?® How is

it useful in & plant breeding

programme?

What is triple fusion? Where and how

‘doses it taks place? Nams the nuclei

involved i triple fusion.
Diffrentiate betwesn
a} Hypocotyl and Epicotyl

b Coleoptile and Coleorhiza

ci Integument and tesia

di Perisperm and Penicarp

What is meant by emasculation?
When and why does a-plant braeder

‘employ this techniqua?

What is apomixis? What iz its

LONG ANSWER TYPE
QUESTIONS

¥,

ch

Smmth the zygore. draw the
diagrams of the different stages of
What sre the possibie ypes of
Poﬂiﬂ'atinﬂh in chasmegamous
flowsrs? Give res=ons=, '

With = neat, labeled diagram,
dezeribe the parts of a mature
angicspsrm embryo sac. Mention the
Ef-‘&m" t_'n'z. ﬁia‘gmm uf a
layers. Wﬂiﬂ briefly ﬁhmrk the wall
layers,

Embryo sscs of some apomictic
species appear normal but contain
diploid c=lls, Suggszr a suitable
explanation for the condition.
Desecribe the procsss of Fertilization

mangtb@ﬁ:rnm

Collect pollesi grainz of different
plants, g!:riniﬁ.gtb and obssrve
unader micrascops.

Observe how different insscts visit
different plants and cress pollinate




CHAPTER 8
Taxonomy of
Angiosperms

In the earlier units we considered the great diversity
of plant kingdom. The diversity of plant life in all its
aspects is the raw material of tavonomic botany, The
taxonomist collecting plants from the natural
vegetation like foresis and observing the breeding
systems, the botanist working in the iabofatory on
embryology and anatomy, the cytogeneticist studying
chromosomes and the phytochemist reaching for
molecular details in his guest for knowiedge- all
contribute to the growth and progress of plant
taxonomy, The taxonomic study or approach with due
emphasis on phylogeny is regarded as Plant
Systematics. Probably no other branch of botany needs
such varied interests,



Canl Linnasus
(1707-78)

Carl Linnaeus: It is Carl Linnaeus [1707-78], a Swedish pastor,
physician and a botanist who has the honour of being hailed as the
“Father of Taxonomy”™. In 1753 after experimenting with a number
of approaches, he refined and standardised a binomial naming
system. He also established a classification system, which was
simple enough to allow most people to key out a plant much as we
do today. It was called an artificial system because it relied on a
very few features of the flower, primarily the number of stamens
and pistils, as the primary basis for division.
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8.2

Description of some
Important Families

8.3.1 Fabaceae
8.3.2 Solanaceae
8.3.3 Liliaceae

A= we walk through different areas of vegetaton iz,
natural forests, botanical gardens, shrub jungles etc,, ws
observe large number of plants exhibiting variability in
their size as well as in their vegetative and reproductive
morphological characters. It is not easy to study,
understand and record all such heterogeneous group of
plants individually, but vet possible using specific
‘approach. This appreach is taxonomy. The term Taxonomy
was coined by A.P.de Candolle in 1813. So far several
thousands of Anglosperms are already known to us and
many more are still being discovered and recorded.
Taxonomy purely based on the description af
morphological characteristics, is called ‘Alpha Taxonomy'.
In recent times, we have advanced to ‘Omega Taxonomy’
in which information from other sources, viz., Embryology,
Cytology, Palynology, Phytochemistry, Serology etc. also
form criteria apart from morphological features, Taxonomy
includes four basic components viz, characterization,
identification. nomenclature gnd classification. You have
learnt about the basic aspects of identification and
nomenciature in Chapter-1 and about detailed
morphslogical characteristics of flowering plants in
Chapter-5. In the following pages of this chapter,
classification, semi-technical description of a typical
flowering plant and of selected families are dealt with.



8.1 SysteEms, TyYrPES oF CLASSIFICATION

Classification of plants refers to grouping plants based on their structural
similaritiez and inter relationships. The earlier classifications of plants were basad
on their economic uses. e.g. Cereals, medicinal plants, fibre- vielding plants, oil-
yvielding plants etc., or on gross struchural resemblances, e.g., herbs, é.llruhs frees,
climbers ete. These classifications were incomplete and frapmentary as plants that
did not fit inte such classifications or of de apparent economic value were usually
ignored. So, different systems or classifications have developed gradually over the.
period and in tune with the advances that have taken place in other branches of
Botany as well as in allied sciences. Based on the criteria followed for classification,
all the systems propeosed from the beginning are grouped under three types, viz
artificial, natural and phylogenetic.

Artificial system iz the earliest system of plant classification based onlv on
Eross mlpe.rﬁc:iﬂl merpheological characters such as habit, colour, number and shape.
of leaves etr. In this system only one or a faw characters were selecied arbitrarily
and plants were arranged inito groups accerding to such characters. As a resuli,
closely related plants were often placed in different groups, while unrelated plants
were placed in the same group because of the pgresence or absence of & particular
character. This system did not indicate the natural relationship that exists among
the individuals forming a group. Nevertheless identification of an unknown: plant
was rendered easier by this system.

Thenphmstun (370 to 285 BC) classified plants into 3 groups based on their
habit as (i) herbs (ii) shrubs and (iii] trees in his book ‘Historia Plantarnm’ and Linnaeus
(17534) classified plants into 24 groups on the basis of number, léngth and union of
stamens and of carpels [sexual characters] in his hock “Species Plantarnm™, these
are examples of artificial systems of classification. They gave equal imporiance to
vegetative @nd sexual characterestics. This is not acceptable since we know now
that often the vegetative characters are not stable as thev get affected more easily by
environment,

In Natural System of classification, all the important, mostly morphological,
characters were taken into consideration and plants were classified accordingly.
Thus plants were first classified into few big groups. These were further divided and
subdivided into smaller and smialler groups until the smallest division/taxon
{species) i= reached. Usually, the floral characters were given greater importance
since they are more conserved and do not change due to the effect of environment.
However, characters of evolutionary importance were not considered, Despite this
draw back, Natural System still provides an easy means of the identification of plants.
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Bentham & Hooker’s (1862-1893) system of classification of plants as proposad in
their book “Genera Plantarum™ is a Natural System of Classification.

Bentham and Hooker divided the flowering plants into three classes namely
Dicotyledonae, Gymnospermae and Monocotyledonae. Dicotvledonae was divided
into three subclas=zes namely Polypetalae, Gamoepetalae and Monochlamyvdae.
Polypetalae was divided into three series namely Thalamiflorae (with 6 cohorts or
‘orders), Discifiorae (with 4 cohorts] and Calyciflorae (with 5 cohorts). Gamopetalae
was divided into three series viz. Inferae (with 3 cohorts|, Heteromerae (with 3 cohorts)
and Bicarpellatae (with 4 cohorts|. Monochlamydae was divided into eight series
(oot divided into cohorts). Monocotyledonae was divided into seven series (not divided
into cohorts). The cohorts were further divided into natural erders. Thus they grouped
the flowering plants intc 202 natural orders now called as families. Of these 165
natural orders belong to Dicotyledonae, 3 to Gyvmnospermae and 34 belong to
Monocotyledeonae,

Phylogenetic System: The classifications of post-Darwinian period considered
eyolutionary trends in plants and so they ‘are considered as phylogenetic systems.
In a phylogenetic system. primitive and advanced characters are recognized.
‘Evelution may be progressive or retrogressive. While considering the status of a taxon,
-a comprehensive picture of all the characters is taken in to account. The system
proposed by Eng!er and Prant! in their book “Die Naturlichen Planzenfamilien”™ (1287-
1893 and by J Hutchinson (1954) in his book “Families of Flowering Plants” are
examples for phylogenstic system. The latest phylogenetic classfication is APG
{Angiospermic Phylogenetic Group] system.

Other Types

Numerical tamonomy uses mathematical methods to evaluate observahble
differences and similarities between taxonomic groups, Numerica! taxonomy which
is now easily carried out using the computers i based on zll observable
characterestics. In this process, number and codes are assigned toall the characters
and the data are then processed. Each character is given equal importance and at
the same time hundreds of characters can be considered.

Cytotaxonomy: & branch of taxonomy that 1zses the cyiological characters Hke
chromosome number, structure in solving taxonomic problems,

Chemotaxonomy: A brarnich of taxonomy that uses the phytochemical data to
solve the problems of taxonemy.



8.2 SeMI-TECHNICAL DESCRIPTION OF

A Tyrical. FLowWERING PLART

Descriptienof varicus morphological features of a
flowering plant presented in Unit 2 forms the basis for
characterization, identification and classificarion of plants
A brief tachnical description based on these in scientific
language is presented now in a proper sequence.

The plant is described beginning with ite habir, habitat.
wvegetative characters [roots, stem and leaves) and then floral

Figure 8.1 Floral diagram with  characters (inflorescence, flower and its parts) followed by
fioral formula

_ fruit. After describing various parts of a plant, a floral
Ebr Eori@PK_CAG, diagram and a floral formula are presented. The floral
formula is represented by some symbols of floral parts. In

tha ﬂr::rmi formula. Br stands for bracieate, Ebr for ebracteaie (bracts absent);

Brl stands for bracteolate, Ebrl for ebracteclate (bracteoles absent); @stands for

actinomarphic, % for zygomorphic; Eg for male, for female, for bisexual flower;

K stands for calyx, C for corolia. P for perianth, A for androscium and G for
Gynoecium; G stands for superior ovary and G for inferior ovary. Floral formula
also indicates the number of free or united (within brackets) members of the
corresponding wherl as subscript of the respective symbeol. It also shows cohesion
{unionamong similar m&mbﬂrﬂ and adhesion (union between dissimilar members).

A floral diagram provides information about the number of parts of & flower,
their arrangement and the relation they have with one ancther [Figure 8.1). The
mother axis represents the posterior side of the flower and is indicated as a dotora
circle at the top of the floral diagram. Calyx, corolla, androacium and gynoecium are
drawn in successive whorls, calyx being the outermost and the gvneecium being in
the centre represented by adiagram of T.5. of ovary . The bract represents the anterior
side of the flower and is indicated at the bottom of the floral diagram. The floral
diagram and floral formula shown in Figure 8.1 represent these of ths mustard
plant [Family: Brassicaceas|.

8.3 DESCRIFTION OF SOME IMPORTANT FAMILIES

8. 3.1 Fabaceare

This family was earlier called as Papilionoideae, a sub-family of Leguminosae
in Bentham and Hﬂdkar‘s system of classification. Plants of this family -are distributed
all over the world, mostly tropical and subtropical, in mesophytic habitat, It comprises
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-about 8500 species under 450 genera. Some important plants among these inchide:
Arachis hypogaea |groundnut|, Cajanus eajan [Red gram; pigeon peal}, Clegr aritetinum
(Bengal gram, chickpeal, Crotalaria funcea (Sun hemp), Dofichos lablab (Bean), Datbergia
latifolia (Indian rosewooed], Glycine max (Soybean|, Dervis indica | Kanuga, Petro plant],
-Phaseotus mungo [Black gram|, Phaseolus aureus (Green gram|, Pisum satfiium (Garden
peal, Lathyrus sativus (Wild pea), Prerocarpus santalines (Red sander), Triganella foenum-
grazcum(Fenugreel|, Figure 5.2 shows characteristics of garden pea (Fisum sativum]
plant as & typical representative of this family.
Petal

Sepal ]_;.'- .

Foliar st:pr_llz Keal

(m) (d)

il
Figure 8.2 Pisum samvam {pea) plant
{a) Flowering twig (b} L. 5 of Flower {c) Papilionaceous corolla (d) Floral diagram

Florai Farmula: B Brl %’@_H;mc A G,

Vegetative Characters
Habit: Majority herbs, some are shrubs, trees, weak stemmed twiners or tendril
climbers.

Root system: Tap root system, nodular roots (containing Rhizobia-the nitrogen fixing
bacteria|

Stem: Aerizl, prostrate or erect, herbaceous or woody climbers.

Leaves: Cauline, alternate, stipulate, base pulvinate, petiolate, simple or pinnately
compeund leaf; venation reticuiate.

Floral Characters

Inflorescence: Mostly a raceme

Fiower: Bracteate, bracieclate or ebractenlate, pedicillate, zygomorphic, complete,
bisexual, pentamerous, perigynous, cup-shaped thalamus.



Calyx: Sepals five. gamosepaloue; imbricate aestivation, odd =sepal anterior.

Corolla: Petals five, polypetalous, papilionaceous consisting of a large posterior petal
(standard), two laterals (wings), two anterior fused petals [keel] enclosing the
stamens and pistil, vexillary /descendingly imbricate aestivation.

Androecium: Stamens ten. diadelphous [(9)+1]as in Pisum or menadelphous as in
Arachiz, Crotalarin, anthers dithecous

Gynoecium: Monocarpellary unilocular half—superiﬂr. ovary with many ovules on
marginal placentation; style single, long, terminal; stigma simple.

Pollination: Flowers are protandrous, usually entomaophilous-cross pollination with
Piston mechanism? self pollination in Pisum and Lathyrs.

Fruit: Mostly legume or pod; geccarpic, indehiscent in Arachis.

Seed: One to many, non-endospermic. two cotyledons which store mostly proteins
but-alse oil in Arachis.

Economic importance

Many plants belonging to the family are good sources of proteins (pulses like
redgram, blackgram), edible cils [soyabean. groundnut), vegetables (Pods of bean,
soyabean: seeds of garden pea, groundnut; leaves of Menthi}, timber (Red sanders,
Indian rose wood) and fiber (sunhemp). Other commercially important products
obtained are viz., blue dye (Indigofera tinciorial, vellow dye (Butez monosperma,
commonly called flame of the forest): medicine (Derris indical); fodder (Crotalaria,
Phaseolus) or green manure (Sesbania, Tephrosia),

8.3.2 BSolanaceae

It is commonly called as the ‘potato family’ and includes about 2200 species
belonging to 85 genera. Members of this family are widely distributed in mesophytic
habitat of tmpics, subtropice and even temperate zones. Some important plants of
this family are Atrapa belladonna (Belladona), Capsicum fruitescens (Chilli], Cestrum
nocturmum [Night queen), Datura metel (Thorn apple], Lycopersicon esculentum
[Tomato). Nicotiana tabacum [Tobacco). Petunia alba [Petunia). Solanum melongena
{Brinjal), Solanwm tuberbsum [Potato), Withania somnifera (Aswagandha) etc. Figure
8.3 shows characteristics of this family as represented by Solanum nigrum [Makoi,
kamanchi| plant.

Vegetative Characters
Habit: Plants mostly herbs, some shrubs [Cestrumy).
Root system: Tap root
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‘Stem: Aerizl, erect, herbaceous or rarely woody, cylindrical, solid or hollow, hairy
or glabrous, underground stem tuber in Potato. Bi-collateral vascular bundies

Leaves: Cauline, alternate phyliotaxy, exstipnilate, petiolate, peticle adnate to the
stem, simple or rarely pinnately compound leaf. reticulate venation.

b}
— Stigms (d}
i —Anther

Fﬂam_ut—-—- i
Peta] ——— \>
Dmr’:?
(e}
Figure 3.3 Solanum rdgrom |makel) plant

{a} Flowering twip (b} Flower [c} L.5. of flower i_'d_} Florai diagram
Floral Formula: BrEbrl @ § K_ € A. G,

Floral Characters
Inflorescence: Cymaose, axillary as in Solanum, terminal solitary as in Datum, Panicle
in Tobagco.

Flower: Bracteate or ebracteate, ebractelalate, pedicillate, actinomorphic, complste,
bisexual, pentamerous, hypogynous.

Calyx: Sepals five, gamosepalous, persistent in Solanum and Capsicum, valvate
asstivation.

Corolia: Petals five, gamopetalous; valvate or twisted aectivation as in Datura.

Androecium: Stamens five. epipetalous. alternating with the petals. anthers dithecus.
basifixed, introrss. '

Gynoecium: Bicarpeliary, syncarpous, bilocular but rarely unilocular e.g.. chillies,
superior ovary, placenta swollen with many oviles on axile placentation, style
terminal, stigma capitate. Carpels are arranged obliquely at 45,

Pollination: Flowers usually pretandrous but protogynous in some species of Solanum,
commonly entomophilous cross pellination.



Fruits: Berry (Capsicum, Solanum, Lycopersicon| or capsule (Datwra, Nicotiana).

Seedsr Many, endospermiic.

Economic Impertance
Many plants belonging to this family are seurces of vegetables {tomato. brinjal,

potato), spice (chilli), medicine (belladonna, ashwagandhal, ornamesntals (pefunia,

night queen, day king and produce chemical substances of medicinal value [Makoi
or Kamanchi), An alkaloid nicotine is obtained from Tobacco and leaves are used in
making cigarettes

8.3.3 Liliacese
This family is commonly called the ‘Lily family’ and is a typical representative of

menocotyledenous plants. Plants of this family are world wide in distribution as

mesophytes |Allium, Liium) as well as Xerophytes |Asparagus, Ruscus, Aledl. It includes
ﬁbﬁﬁtﬂﬁ*i.gmefa with 4075 species. Some importﬂ.ﬂt plants aﬁaﬁg these are Allium
cepa |Onior), Alfium sativum (Garlic), Aloe vera (Aloe), Asparagus racemaosus |Asparagus),

Colchicum aungmnale (Medow saffron). Dracaena aungustifolia (Red dragen), Gloriosa

superba (Glory lily), Littum eandidum (Lity), Smilox zeylanion (Sarasaparilla), Yucox

gloriosa {Spanish dagper| etc. Figure 8.4 shows characteristics of Allium cepa {onion)

a typical representative of this family.

Vr:.get&tive characters

Hahit: Mostly perennial herbs with underground stems such as bulbs, corms. rhizome;
some are chrubs or trees (certain species of Dracaena. Yicen. Ales) or climbers
(Glaricsa, Smilax)

Root system: Adventitious raots; fasciculated, tubercus in Asparagus.

Stem: Underground, perennial, bulb [Afiwm, Liium)|, corm (Colchicum), rhizome

| (Gloriosa): some are aerial, weak, tendril climbers (Gioriosa, Smilay]. branches
modified into cladophylls (Ruscus, Asparagus|

Leawves: Mostly radical |Alliwmn, Liium)|, or cauline (Smilay, Gloriosal, simple alternate,
linear, exstipulate, parails]l venation or exceptionally reticulate in Smilax.

Floral Characters

Inflorescence: Sclitary cyme or umbel or receme.

Flower: Bracteate, ebrateolate, pedicellate, complete, bissmual or exceptionally
unisexual as in Smilax and Ruscus; actinomorphic, trimerous, hypogynous,
homochlamydeous.

Perianth: Six tepals in two whorls [3+3), odd tepal of outer whorl is anterior in
position and odd tepal of inner wherl is posterior in position, valvate aestivation

Androecinum: Six stamens in two whorls (3+3), free or epiphyllous, anthers dithecus,
basifixed, introrse and dehiscence longitudinal,

Gynoecinm: Tricarpellary, syncarpous; ovary superior, trilocular with many ovules
on azxile placentation, stvle terminal, stigma trifid and m;:uitata.
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Figure B84 Affium ceps [onion) (o) Plant (b) Infiorescenca (c) Flower (0 L.3 of Howser
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Floral Formula: BrEbr@®CP, A G_
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Pollination: Flowers mayv be protandrous [Allium| or protogynous [Colehicumy),
Fruit; Usually capsule, rarely berry (Asparagus)
Seed: Endospermous, monocotyledenous, polyembryony is present in some Allium
g . . H = -
Economic Importance
Many plants belenging to this family are goed ornamentals (rulip, lilium,
Asparagus, Gloriosa), source of medicine (4loe, Smilax, Gloriosa, Scilla), vegetables
(Altium cepa, Asparagus), spice (Alfium sativwm) and colchicine (Colehicum autumnale),



N Botany

SUMMARY

Plants in nature exhibit diversity in their structural characteristies.
Clazsification of these planits into-groups based on: their similarities and their
interrelationships is Taxonomy. This process has long history, started with Carl
Linnaens who has been hailed as Father of Taxonomy’, Earlier clazzifications were
arttficial -and fragmentary, based on only their economic uses and or & few
morphological characteristics, Over the time, different systems of classifications
namely Natural systems and Phylogenetic Systems were gradually daveloped in
tune with advances in other branches of Botany and allied sciences. Bentham &
Hooker's System of classification is a natural system. This system of classification
iz based mostly on morphological featnires with due smphasis on floral characters.
Inphylogenetic systems, svolutionary trends in plants were conesidered e.o., Engler
and Prantl. In recent times, we have advanced to ‘Omega Taxonomy' in which
information from other branches of Botany viz., cytology, embryology, palynology,
and phyvtochemisiry also form criteria in addition to morphological features.
Taxonomy puraly based on the description of merpheolagics] characters is called
‘Alpha Taxonomy'

The technicatl description of morpholiogical featiires of vegetative and floral parts
including fieral diagram and floral formula form the basics for taxonomic smadies,

Floral formula i reprecented by symbols of floral paris. Floral diagram is the
diagramaiic representation of florgl paris and their arrengement; Family Fabaceae
of polypetalae and Dicots is represented by Fisum sativum, family Solanaceae of
gamopetalae and Dicots is represented by Solanum nigrum, and Allinm cepa is.an
example for Liliaceae of Monocots where described in semi-technical {erms .
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GLOSSARY

Actinomophic: Fiowsra can be divided
into two symmetrical halves in any
vertical plain through the sxis.

Alpha taxonomy: Taxonomy pursly based
on the description of morpheological
characiers.

Artifieial system: A sysiem of
claszification bas=d on a few easily
comparable-morphological characters.

Binomial nomenclature: Providing a
name with two components, the
generic name and the specific epither,

Classification: Arranging the plants m
specific groups on the basi= of their
‘similaritiez and dissmilarities,

Complete flower: A flower with sl four
floral paris—celyx, corolls, androscium

Diadelphous: It is 5 condition in which
stamens dre fused together and form

Flora: Ths actual account of habitat,
diztribution and systemaric listing of
plants of & given area.

Floral diagram: A disgram representing
the number of parts of flowsr, the
structure, srrangement,; aestivation,
adhszion, cohesion and posibon with
rEspect to the mother axis.

Genus: A group of closely related species,

Geocarpie: The development of fruit
mmside the =oil,

Herbarinm: A collection of plant
specimens that-are pressed dried and
praserved on cheets with collection
details'and stored g= per classification
=ysism.

In-complete flower: Ons of the floral parts
of the flower iz abzent:

Natural system: A system of classificanon
1 which plants are grouped on the bamis
of their-nataral relationshipe taking nto

eonsideration all possible morphelogical
charscters.

Nomenclature: Providing 5 corrsct

scientific name 10 an identified plant,

Nuomerical taxonomy: & branch of
taxcnomy that uses mathematicsl
methods to evaludte observable
differences and similarities betwsen
IAXONONIC Eroups.

Omega taxonomy: Taxonomy based on

 information from other branches such
as Embryalosy, Cytolegy, Phyto-
chemistry. Palynology etc., in addition
to morphological characters,

Piston mechanism: The insects are
attracted by the standard petal. A= the
inzect glights on- the flower, the wing
and keel petals get prezsed down dus.
to its weight there by sxposing the
=tigme afd stamsens, The stigma
which comes out first brushes against
the abdomen of the ins=ct and recsives.
PB.“EE already present thers. As the
inssct leaves the fiower, the sssential
organe return totheir normal position,

FPlant systematics: The study of the

diversity and the history of plants and-
the svohitionary relationships among.
them.
Flant
characterization,

taxonamy: Deals with

identification,
nomenclature and Ci'ﬂ_ssiﬁf:ﬂﬁi;rﬂ.ﬂf
planis.

Phylogenetic system: A svetem of
classification based on genstic and
evolutipnary relanonships ameng ithe
axa.

Taxon: Any unit used in classification.
Taxa (pl| are arranged 1n hi".‘l.‘.!ﬂ.‘!‘:hj"
from npodom o subspecies,




VERY SHORT ANSWER TYPE LONG ANSWER TYPE

QUESTIONS QUESTIONS

1. What is ‘Omegs Taxonomy ™ 1. Describe the characteristice of

2. What is Natural system of plant plants belonging to Fabaceas.
cigzsificarion? Name the scientists 2. Write about the key characteristics
whio followsd it of Solanaceae?

3. Explain the ccope and significanceof | | 3. Give an account of the _ﬁm.i‘lj',
Numerical Taxonomy'. Liligceae.

4. What i= geocarpy? Name the plant| | 4. Weite the characteristics of plants
which exhibits this phenomenon, that are npecessary for classi-

5. Rame ihs tvpe of pollinatien fication. Describe them in brisf.
mechanism found in members of | | 3. Describe a typical flowering plant
Fabacsas. in the taxonmomic perspective.

6. Write the floral formula of solanum | | 6. Give an account of Bentham and
plant, Hooker's classification of plants.

7. Give the technical description of | [ 7. What 1= taxonomy? Give a bricf
ovary in Solanum nigrum. sccount of different types of plant

8. Give the technical description of classificanion.

anthers of Allium ¢epa,

SHORT ANSWER TYPE

QUESTIONS

1. Write a brief nots on semi technical
description of & typical flowering

2. Describe the fion-s=sentisl floral
part=s of plants belonging to Fabaceas.

3. Givean sceount of florsl diagram.

4. Describe the essential floral parts
of plants belonging to Lillaceas.

5. Write 8 briefaccount on the class of
Dicotyledanas of Bentham and
Hovker's classification.

6, Explain floral formuls

7. Giveeconemic importanceof plants
belonging to Fabaceae.




UnitV

GELL: STRUCTURE AND FUNCTIONS

CHAPTER 9

Cezll ;: The Unit of Life

CrarteEr 10

Biomolecules

CharTER 11

Cell Cyecle and

Cell Division

Biolopgy is the study of form. functien and
interrelationships of living organisms. The detailed
description of their form atd appearance only brought out
their diversity. It is the cell theory that emphasised the
unity underiving this diversity of forms, i.e., the cellular
organisation of all life forms. A description of cell structare
end cell growth by division is given in the chapters
comprizsing this unit, Cell theory also created a sense aof
mystery around living phenomens, {.e., phisiclogical and
behavioural processes. This mystery was the requirement
of integrity of cellular erganisation for living phenomena
to be demionsirated or observed. In studying and
understanding the physiological and behavioural
processes, one can take a physico-chemical approach and
use cell-free svstemis toinvestigate. This approach enahbles
1= to describe the various processes in molecuiar terms.
The approach is established by analvsis of lving tissues
for elements and compounds,. It will tell us what gpes of
orgapic compounds are present in Hving organisms: In

the nexi stage, one can ask the guestion: What are these



G. M. Ramachandran
{1922 — 2(41)

compounds doing inside a cell? And, in what way they carry out
gross physiolopical processes like synthesis, dipestion. excretion,
memory. defense, recognition. etc. In other words we answer the
guestion, what is the molecular basis of all physioclogical

processes? It can also explain the unusual processes that occur

during any diseased conditien. This physico-chemical approach
to study and understand living orsanisms is called ‘Reductionist
Biology”. The concepts and technigues of physics and chemistry
are applied o understand bielogy. [n Chapter 10 of this unit, a
brisf description of bic-molecules is inchided.

G.N. RAMACHANDRAN, an ocutstanding figure in the field of
protein structure, was the founder of the Madras school’ of
conformational analysis of bicpolymers. His discovery of the triple
helical structure of collagen published in Natwre in 1954 and
his-analysis of the aliowsd conformations of proteins through the
use of the ‘Ramachandran plot' rank among the most outstanding
contributions in structural biology, He was born on October 8,
1022, in'a small town, not far from Cochin on the southwestern
coast of India. His father was a professor of mathematics at a local
college and thus had considerable influence in shaping
Ramachandran’s interest in mathematics. Afier completing his
schoo! yvears. Ramachandran graduated in 1942 as the top-
ranking student in the B.Sc. (Honors) Physics course of the
University of Madras. He received a Ph.D. from Cambridge
University in 1940, While at Cambridge, Ramachandran met Linus
Pauling and was deeply influenced by his publications on models
of the &-helix and E-sheet structures that directed his attention
to solving the structure of collagen. He passed away at the age of
78, on April 7, 2001.
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9.1 Whatis a Cell?
9.2 Cell Theory

9.3 AnOverview of Cell
9.4 Prokaryotic Cells

When you lock arcund, you see both living and non-
living things. You must have wondered and asked
yourself — ‘what is it that makes an organism living, or
what is it that an insnimate thing does net have whicha
living thing has? The answer to this is the presence of
the basic unit of life - the cell in all living organisms.

All organisms are composed of cells. Some are made
up of a single Cell and these are called unicellular
organisms while others, like us, composed of many csils,
gre called multicellular organisms.

9.1 WaHaAr 1§ A CELL?

Unicellziar erganismes are capable of (i} independent
existence and (i} performing the essential functiens of
life, Anything less than a complete siructure of a cell
does not ensure independent living. Henece. cell is the
organisms,

Anten Von Leeuwenhoek first saw and described &
live call. Robert Brown later discovered the nucleus. The
invention of the light microscope and its improvement
leading o electron micrescope made it to reveal all the
structural details of the cell.



9.2 CeLL THEORY

In 1838, Mathias Schieiden, a German botanist, examined & large number of
plants and observed that all planis are composed of different kinds of cells which
form the tissues of the plant. At about the same time, Theodore Schwann (1839), a
British Zoﬂlegiﬁt studied different types of animal cells and reported that cells had
a thin outer layer which is today known as the ‘plasma membrane’. He alsc concluded,
based cn his studies on plant tissues, that the presence of cell wall is a unigue
character of the plant cells, On the basis of this, Schwann proposed the hypothesis
that the bodies of animals and plants are compesed of cells and products of cells.

Schisiden and Schwann together formulated the cell theory. This theory however.
did niot explain as tohow new cells were formed. Rudolf Virchow (1855] first explained
that cells divided and new cells are formed from pre-existing cells (Omnis cellula-e
celluld). He modified the hypothesis of Schleiden and Schwann to give the cell theory
& final shape. Cell theory as understood today is

(i) all living organisms are composed of cells and products of cells.

[if] all cells arize from pre-existing cells.
9.3 Ar OverviEW OF CELL

You have earlier observed cells in an onion pese!l and/or human cheek cells
under the microscope. Lst us recollect their structure. The onion cell which is a
typical plant cell, has a distinct cell wall as its outer boundary and just within it is
the cell membrane. The cells of the human cheek have an cuter membrane as the
delimiting structurs of the cell. Inzide each cell is & dense membrane bound structure
called nucleus. This nucleus containe the chromosomes which in turn contain the
genefic materig!, DA, Cells that have membrane bound nuclei are called eukaryotic
whereas cells that lack a membrane bound nucleus are prokaryotic. In both
prokaryotic.and eukaryotic cells, a semi-fhiid matrix called cvioplasm occupies the
volume of the cell. The cytoplasm is the main arena u_f-':_:gelll_ﬂér activities in both the
plant and animal cells. Various chemical reactions oceur in it to keep the cell in the
‘living state”.

Besides the nucleus, the sukaryotic cells have other membrane bound distinet
structures called organelles like the endoplasmic reticulum (ER]. the golgi complex,
lysosomes, mitochondria, plastids (in plants|, microbodies and wacuoles. The
prokaryotic celis iack such membrane bound organelles.

Riboscmes are non-membrane bound organelles found in all cells — both
eukarvotic as well as prokarvotic. Within the cell, ribosomes are found not only in
the cytoplasm but also within the two organelles — chioroplasts [in plants) and
mitochendria and on rough ER.
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Fig 9.1 : Diagram showing different shapes of the cells

Animal cells contain another non-membrane bound organelle called centriole
which helps in cell division.

Celis differ greatly in size, shape (Figure 9.1) and activities. For sxampie,
Myceplasmas, the smallest cells, are only 0.3 um in length while bacteria could be 3
te 5 im. The largest isolated single cell is the egg of an ostrich. Ameong multicellular
organisms, human red blood cslls are about 7.0 im in diameter. Nerve calls are
some of the longest cells, Cells alsp vary greatly in their shape. They mav be disc-like,
polygonal, columnar, cuboid, thread like, or even irregular. The shape of the cell may
wvary with the function they perform.

9.4 PrROEARYOTIC CELLS

The prokaryotic cells are represented by bacteria, blue-green algae, mycoplasma
and PPLO (Pleuro Pneumonia Like Organisms), They are generally smaller and
multiply more rapidly than the eukaryotic cells {Figure 9.2). They may vary greatly
in shape and size. The four basic shapes of bacteria are bacillus (rod like|. cocous
(spherical], vibrio (comma shaped) and spirillum (spiral).



Fig 8.2 : Diagram showing comparizson of
eukaryotic cell with ather organiams

\ ,ﬁ(ﬁ; The organization of the prokaryotic call is

:E@%_ fundamentally similar even though
- }Cﬁx)‘lﬁ.

prokaryotes exhibit a wide variety of shapes and

e ) . ) §

S — functions. All prokaryotes have & QEU wall
{1-2 pm) surrounding the cell membrane. The fluid
S e matrix filling the cell is the cytoplasm, There is
A no weli-defined mucleus. The genstic material

FPLO is basically naked, not enveloped by a nuclear
[abvout 0.1 pen)

mambrans. In addition to the genomic DNA
(the single ‘thromosome’/circular DNA), many

; ’. “l" !
v‘f‘v‘:*' bacteria have small circular DNA ocutside the
TUZeE:E - -
A typival sukarystic cell (0.02-9.2 pm) genomic DNA. These smaller DNAs are called

10-20
po—_— plasmids. The plasmid DNA confers certain

unigue phenotypic characters to such bacteria.
One such character is resistance to antibiotics,
In higher classes vou will learn that this plasmid DNA is used to monitor bacterial
transformation with foreign DNA. Nuclear membrane is found in eukarvotes. No
organelles, like the ones in eukaryotes, are found in prokaryotic cells except
ribosomes. Prokaryotes have something unique in the form of inclusions. A specialised
differentiated form of cell membrane called mesosome is the characteristic of
prokaryotes. It is essentially an infolding of the cell membrane.

9.4.1 Cell Envelope and its Modifications

Most prokaryvotic cells, particularly the bacterial cells, have a chemically complex
cell ‘envelope. The cell envelope consists of a tightly bound thiee lavered structure
i.e., the outermost glycocalyx followed by tﬁﬂ cell wall and then the plasma
membrane. Although sach layer of the envelope
performe distinct function, they act together as
& single protective unii. Bacteria can be
classified into two groups on the basis of the
differences in the chemical composition of cell
envelopes and the manner in which they
respond to the staining procedure developed by
Gram viz., those that take up the gram stain are
Gram positive and the others that do not are
called Gram negative bacteria.

Glycocalyx differs in composition and
thickness among different bacteria. It could
e a loose sheath called the slime layer in some

Fig 9.2 a: Typical prokaryofic cel
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whiile in others it may be thick and tough. called the capsuie. The cell wall determines
the shape of the cell and provides a strong structural support to prevent the bacterium
from bursting or collapsing (Figure 9.2 a).

The plasma membrane is semi-permeable in nature and interacis with the
outside world. This-membrane iz structurally similar te that of the eukaryotes.

A special membranous structure is the mesosome which is formed by the
extensions of plasma membrane into the cell. These extensions are in the form of
vesieles, tnbules and lamellae. They help in cell wall formation, DNA replication
and it=s distribution to daughter cells, They also help in respiration, secretion
processes, to increase the surface area of the plasma membrane |[absorption of
nutrients) and enzymatic content. In some prokarvetes like cvanobacteria, thers
are other membranocus sxtensions into the cvtoplasm called chromatophores which
contain pigments.

Bacterial cells may be motile or non-motile. If motile, they have thin filamentous
extensions from their cell wall called flageila. Bacteria show a range in the number
and arrangement of flagella. Bacterial flagellum is composed of three parts— filament,
hook and basal body. The filament is the longsst portion and extends from the cell
surface to the outside.

Besides flagella; Pili and Fimbriae are also surface structures of the bacteria
but do not play a role in motility. The pili are elongated tubular structures made of &
special protein. The fimbriae are small bristle like fibres sprouting out of the cell. In
some bacteria, they are known to help attach the bacteria to rocks in streams and
also 1o the host tissues.,

0.4.2 Ribhosomes and Inchision Bodies

In prokaryotes ribosomes are associated with the plasma membrane of the cell,
They are about 15 nm by 20 nm in size and are made of two subunits - 303 and 303
undts which when present together form 705 prokaryvotic ribogomses. Kibosomaes are
the sites of protein synthesis. Several ribosemes may attach to a single mRNA and
form a chain called polyribosomes or polysome. The ribosomes of a polysome
translate the mRNA into proteins,

Inclusion bodies: Eeserve materials in prokarcotic cells are stored in- the
cytoplasm in the form of inclusion bodies. These are not bounded by any membransa
gystem and lie free in the cytoplasm, e.g., phosphate granules, cyancphycean gramules
and glycogen granmules. Gas vacucles are found in blue green. purple and green
photozynthetic bacteria,
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9.5 EvurkaryvoTric CELLS

The eukaryotes include all the protists, plants, animals and fungi. [n eukaryotic
cells there it an extensive compartmentalisation of cytoplasm through the presence
of membrans bound organelles. Fukaryotic cells possess an organised nucleus with
a nuclear envelope. In addition, eukaryetic cells have a variety of complex locomotory
and cytoskeleial structures. Their genetic material is organised into chromosomes.

All eukaryotic cells are not identical. Plant and animal cells are different as the
former possess cell walls, plastids and a large central vacucle which are absent in
animal cells, On the cther hand, animal cells have centricles which are absent in
almost all plant cells (Figure @.3).

Let us now look at individual cell organelles to understand their structure and
functions.

9.5.1 Cell Membrane

The detailed structure of the membrane was studied only after the advent of the
electron microscope in the 1950s. Meanwhile, chemical studies on the cell
membrane, especially in human red blood cells (RBECs), enabled the scientists to
deduce the possible structure of plasma membrane.

TLLEEF

Fig 9.4 : Fluid mosaic model of plasma membrane



These studies showed that the cell membrane is composed of lipids that are
arranged in a bilayer. Alzo, the lipids are manged within the membrane with the
polar {hydrophilic) head towards the outer sides armi the hydrophobic tails towards
the inner part. This ensures that the nonpolar tail of samurated hydrecarbons is
protected from the aqueous environment (Figurs 9.4|. The lipid component of the
membrane mainly consists of phosphoglyeerides.

Later, biochemical investigations clearly revealed that the cell membranes also
possess protein and carbohydrate. The ratio of protein and lipid varies considerably
inn different call types. In human beings, the membrang of the erythrocyte has
approximatsly 52 per cent protein and 40 per cent lipids.

Depending on the location and ease of extraction, membrane proteins can be
classified as integral or peripheral. Peripheral proteins lie on the surface of membrane.
while the integral proteins are partially or totally buried in the membrane.

An improved model of the structure of cell membrane was proposed by Singer
and Nicolsen (1972) widely accepted as fluid mosaic model (Figure 9.4). Aceording
to this, the quasi-fluid nature of lipid enables lateral movement of proteins within
the overall bilayver. This ability to meove within the membrans is understood as its
fluidity.

The fluid nature of the membrane is also important for cellular functions like
cell growth, formation of intercellular junctions, secretion. endocytosis, cell division
e,

One of the most important functions of the plasma membrane is the transport of
the molecules into and out of cells. The membrane is selectively permeable to some
molecules present on either side of it. Many meolecules can move briefly across the
membrane without any requirement of energy and this is called the passive transport.
Neutral solutes may move across the membrane by the process of simple diffusion
along the concentration gradient, i.e., frofm higher concentration to the lower. Water
may also move across this membrane from higher to lower concentration. Movement
of water by diffusion across the membrane is called osmoais. Az the polar malecules
cannot pass through the nonpolar lipid bilayer, they require a carrier protein of the
membrane to facilitate their trarisport across the membrane. A few ions or molecules
are transported across the membrane through its carrier proteins against their
concentration gradient, i.e., from lower to the higher concentration. Such a transport
is an energy dependent process, in which ATP is utilised and {s called active
tranaport, .g., Na+ /K+ Pump.

0.5.2 Cell Wall
As you may recall, plant cells can be distingnished from animal cells by the
presence of ‘cell wall’. It was first cbserved by Robert Hooke (1665} in cork tissue of
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Oak tree. Cell wall is'a non-living rigid structure and forms an outer covering for the
plasma membrane of fungi and pifiﬂt'ﬁ. Cell wall not only gives shape to the cell and
protects the cell from mechahics! damags and infection; it also helpe in cell-to-cell
interaction and acts as barrier to undesirable macromolecules, Algae have cell wall,
made of cellulose, galactans, mannans and minerals like calcium carbonate, while
in other plants it consists of cellulose, hemicellulose, pecting and proteins. The cell
wall of a young plant cell, the primary wall iz capable of growth, which graduslly
diminishes as the cell matures and the secondary wall is formed on the inner (towards
membrans) side of the cell. In many plants as the cells mature, the secondary cell
wall is formed by the addition of new cell wall materials viz., lignin, suberin, pectin
and cutin into celinlose interfibrillar spaces. In some cell types like in xylem, the
secondary wall exhibits unthickenad areas called pits to support intercellular
transport.

The middle lamelia is a first formed layer of cell wall and develops from the cell
plate during cell division. In a mature plant-cell it is the outermost layer of cell wall
It is mainly composed of calcihum pectate and holds or glues the different neighbouring
cells together. The cell wall and middle lamellas may be traversed by plasmodesmats
which connect the cytoplasm of neighbonring cells.

9.5.3 Endomembrane System

While each of the membranous organelles is distinct in terms of iis stracture
and function. many of these are considered together as an endomembrane system
because their functions are coordinated. The endomembrans system includes
endoplasmic reticulum (ER], golpi complex, lysesomes and vacuoles. Since the
functions of the mitochondria, chloroplast and
peroxisomes are not coordinated with the sbove
components. these -are not considered as part of the
endomembrane system.

2,9.3.1 ‘The Endoplasmic Reticulum (ER}

K.R. Porter (1953) first coined ({usedj the term
encoplasmic reticulum to describe thread like structures
in the cell, Electron microscopic studies of sukaryotic
cells reveal the presence of a network or reticulizm of tiny
tubular structures scattered in the cytoplasm that is called
the endeplasmic reticulum (ER) {Fipure 9.5]. Hence, ER
divides the intracellular space into two distnct
compartments, i.e., luminal (inside ER) and exira lnminal
(cytoplasm| compartments.

Fig 9.5 : Enguplasmic reticulum



The ER often shows ribosomes attached to their outer surface. The endoplasmic
reticulum bearing ribosomes on their surfece is called rough endoplasmic reticulum
[RER). In the absence of ribosomes, they appear smooth and are called smooth
endoplasmic reticulum (SER). RER is frequently observed in the cells actively
involved in protein synthesis and secreiion. They are extensive and continuous
with the cuter membrane of the nucleus. The smooth endoplasmic reticulum is the

major site for synthesis of lipid. In animal cells, lipid-like

Cistarmae steroidal hormoenes are synthesized in SER.

Fipg 9.6 Golg apparatus

9.9.3.2 Golgi apparatus

Camille Golgi (1898} first observed densely stained
reticular structures near the nucieus, These were later
named Golgi bedies after him. They consist of many flat,
digsc-shaped sace orcisternae of 0.2um to 1.0um diameter
(Figure 9.6). These are stacked parallel to each other.
Varied number of cisternae are present in & Golgi complex.
The Golgi cisterngs are concentrically arranged near the
nucleus with distinct convex cis or the forming face and
concave trans or the maturing face. The ¢is and the trans
faces of the organelle ‘are entirely different, but

interconnected.

The golgi apparatus principally performs the function of packaging materials to
be deliverad either to the intra-cellular targets or secreted cutside the cell. Materials
to be packaged in the form of vesicles from the ER fuse with the ¢is face of the golgi
apparatus and move towards the maturing face. This explains, why the golgl apparatus
remains in close asscciation with the endoplasmic reticulum. A number of proteins
synthesised by ribosomes on the endoplasmic reticulum are modified in the cisternae
of the golgi apparatus before they are released from its trans face. Golgi apparatus is
the important site of formation of glvcoproteins and glycolipids: In plants. golgi
apparatus involves in the synthesis of cell wall materials and also plays a role in the
formation of cell plate during cell division.

9.9.3,3 Lysosomes

Thesze are membrane bound vesicular structures formed by the process of
packaging in the golgi apparatus. The isolated Ivsosomal vesicles have been found
o be very rich in hydrolytic enzymes (hydrelazes) capable of digesting carbohydrates,
proteins, lipids and nucleic acids (lipases, proteases, carbohydrases, nucleases).
These enzvmes are optimally active at the acidic pH. Under starvation cenditions,
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lvsosomes digest cellular contents by releasing hydrolyzing enzymes and cause
death of cells. This is called aurelysis.

2.0.3.4 Vacuoles

The vacuele is the membrane-bound space found in the cytoplasm and most
common 2 plant calls., It contains sap mainly composed of water, metabolic bye-
products, excretions and other waste materials, In some plant cells, vacuclar sap
alse contains some pigments like anthecyanin which impart colour to the plant
part. The vacucle is bound by a single membrane called toncplast. In plant cells,
the varuoles can occupy up to 20 per cent of the volume of the call and piay important
role in osmoregulation.

In plants, the tonoplast facilitates the transport of & number of ions and other
materials ‘against concentration gradients into the vacucle. Hence their
concentration is significantly higher in the vacuole than in the cytoplasm.

In Amaeba the contractile vacuole is important for excretion. In' many cells as
in protists, food vaeuoles are formed by engulfing the food particles.

0.5.4 Mitochondria

Mitechondria (sing.: mitochendrion|. unless specifically stained, are not easily
visible under the microscope. The number of mitochondria per cell is variable
depending on the physiological activity of the cells. In terms of shape and size also.

Crrtey
membrans

Fig 9.7 : Structure of mitochondrion [Longitudinal section)



considerable degree of varigbility is observed. Typically it is sausage-shaped or
cylindrical having a diamster of 0.2-1.0 um faverage 0.5 um) and length 1.0-4.1um.
Each mitochondrion is a double matnhrﬂﬂg—bnlﬁ:d-ém with the outer membrane
and the inner membrane dividing its lumen distinctly into two agueous
compariments. i.e.. the cuter compartment and the inner comparument. The nner

compartment is called the matrix. The outer membrane forms the continucus
imiting boundary of the organelle. The inner membrane forms a number of
infoldings called the cristae (sing.: crista) towards the matrix (Figure 9.7]. The cristas
increase the surface area. The two membranes have their own specific enzymes
associated with the mitochondrial function. Mitochondria are the sites of agrobic
respiration. They producse cellular energy in the form of ATP. hence thev are called
‘power houses' of the cell, The matrix also possesses single circular DNA molecule, a
few ENA molecules, ribosomes (705) and the components required for the synthasis
of proteins. The mitochondria divide by fission.

9.5.5 Plastids

Plastids are found in all plant cells and in suglenoides, These are ezzily obeervad
under the microscepe as they are large. They bear some specific pigments. thus
imparting specific colours to the part of the plant which posseses them. Based on the
type of plgments plastids, can be classified into chloreplasts, chromoplasts and
Ieumplas'ts.

The chloroplasts contain chlorophyil and carotenocid pigments which are
rasponsible for trapping light stiergy essential for photosyathesis. In the chromoplasts
fat socluble carotenoid pigments like carotene, xanthophylls and others are present.
This gives the part of the plant a yellow, orange or red colour. The leucoplasts are the
colouriess plastids of varied shapes and sizes with stored nutrients: Amyloplasts
store carbohydrates [starch), e.g., potato: elaioplasts store gils and fats whersas the.

aleuroplasts stors proteins.

Chat=p

membrans Majority of the chloroplasts of the
green plants are found in the mesophyil
cells of the leaves. These are lens-
shaped, oval, spherical, disceid or even
ribbon-like organelles having variable
length (3-10um) and width (2-4pm).
Their number varies ffom 1 per call of the
Chlamydomonas, a green alga to 20-4¢
per cell in the mesophyll

Figure 9.8 : Sectional view of chloraplast
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Like mitochondria, the chioroplasts are also double membrane bound. Of the
two, the inner chloreplast membrane is relatively less permeable. The space Himited
by the inner membrane of the chloroplast is called the stroma. A number of organised
fiattened membranous sacs called the thylakoids, are present in the stroma (Figure
9.8|. Thylakoids are arranged in stacks like the piles of coins called grana [singular:
‘granum)| or the intergranal thylakoids, In addition, there are flat membranous mbules
called the stroma lamellae connecting the thylakoids of the different grana. The
membrane of the thylakeids encloses a space called a lumen. The stroma of the
chloroplast contains enzymes required for the synthesis of carbohydrates and
proteins. It also contains small, double-stranded circular DNA molecules and
ribosomes. Photosynthetic pigments are present in the thylakeids. The ribosomes of
the chioroplasts are smaller (Prokaryvotic, 705| than the cytoplasmic ribosomes
(Eukaryotic, B0S).

0.5.6 Ribosomes

Ribosomes are the granular structures first cbserved under the electron
microscope as dense particles by George Palade (1953), They are composed of
ribonucleic acid (RNA) and proteins and are not surrounded by any membrane. The
eukaryotic ribosomes are 80S while the prokaryotic ribosemes are 70S. Here 'S5’ stands
for the sedimentation coefficient (expressed in Svedberg unit}; it is indirectly a
measure of density and size. Both types of ribosomes are composed of larger and
smaller subunits. 70S ribosome contains 50s and 308 subunits while the other type
contains 605 and 40S subunits. The twvo subunits in both types of ribosomes associate
with sach other in the presence of magnesium ions. Ribosomes provide space as well
as enzymes for the synthesis of proteins.

9.5.7T Cytoskeleton

An elaborate network of filamentous proteinaceous structures present in the
cytoplasm is collectively referred to as the eytoskeleton. Eukaryotic cells contain
three major components of cytoskeleton: microfilaments, intermeadiate filaments and
microtubules. The cytoskelston in a cell is involved in many functions such as
mechanical support, maintenance of cell shaps, cell motility, intracellular transport,
signaling across the cell and karyokinesis (movement of chromosomes during cell
division}.

9.5.8 Cilia and Flagella

Cilia (sing.: cilium) and flagslla (sing.: flagellum) are hair-like outgrowths of the
cell membrane. Cilia are smzll structures which work like oars, causing the movenient
of either the cell or the surrounding fiuid. Flagella- are comparatvely longer and
responsible for cell movement. The prokaryotic bacteria also possess flagslla but



Fig 9.9 Section of cilia! Nagella showing
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these are structurally different from that of the eukaryotic
flagella.

The eleciron microscopic study of a cilium or the
flagellum shows that they are covered with plasma
membrane. Their cors called the axoneme, possesses a
number of microtubules running parallel to the long axis,
The axoneme usually has nine pairs of doublets of radially
arranged peripheral microtibuies, and & pair of centrally
located microtubules. Such an arrangement of axonemal
microtibules is referred to-as the 942 array (Figure 9.2).
The central tubules are connected by bridges and are also
enciosed by & central sheath, which is connected 1o one
of the tabules of each peripheral doublet by a radial spoke.
Thus, there are nine radial spokes. The peripheral
doublets are also interconnected by linkers. Both the
ecilivm and flagellum emerge from centriole-like
structure called the basal bodies.

0.5.9 Centrosome and Centrioles

Centrosome is an organelle usually containing two
cwviindrical structures called ceniricles. They are
surrcunded by amorphous pericentriclar materials. Both
the centricles in & centrosome lie perpendicular te each
other in which each has an organisation like the cartwhesl,
They are made up of nine evenly spaced periphers! fibrils
of tubulin. Each of the peripheral fibril iz a triplet. The
adiacent triplets are -also linked. The central part of the
centricle is also proteinaceous and called the hub, which
is connected with tabules of the peripheral triplets by
radial spokes made of protein. The centrioles form the
basal body of cilia or fagella. and spindle fibres that give
rise to spindle apparatus during cell division in animal
cells.

0.5.10 Nucleus

Nucleus as-a cell organelle was first described by
Robert Brown as early as 1831, Later the material of the
nucleus stained by the basic dyes was given the name
ch.rﬁmntin by Flemming. The interphase nucleus
(nucleus of a cell when it is not dividing) has highly
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extended and elaborate nuclecprotein fibres
called chromatin, muclear matrix and ene or |
more spherical bodies called nucleoli (sing.:
nuclechus) (Fignre 9.10]. Electron microscopy
has revealed that the nuclear envelope, which A
consists of two parallel membranes with a space

Husleay
batwesn (10 to 50 nm) called the perinuclear pors
apace. forms & barrier between the materigls S

N . «MLIZIE
present inside the nucleus and that of the oz R | m=mbrans
C:E'tﬂpfﬂ&tﬂ. Th.EﬂlILEl' mﬂm-bmﬂ Uﬂuﬂﬂ}"r&[ﬂﬂjﬂﬂ Fiﬂ 9.10 : Structure of nucleus

continuous with the endoplasmic reticulum and
also bears ribosomes on it.

At a number of places the nuclear envelope is interrupted by minute pores,
which are formed by the fusion of its two membranes, These nuclear pores are the
passages through which movement of RNA and protein moelecules takes place in
hoth directions between the nuclens and the cytoplasm. Normally, there is only one
nuclsus per cell: variations in the number of nuclei are alsc frequently observed.

Can you recollect names of organisms that have more than one nucleus per cell” Some
mature cells even lack nucleus, e.g,, erythrocytes of many mammals and sieve tube

cells of vascular plants. Would you consider these cells as
Tiving’?

The nuclear matrix or the nucleoplasm contains
nucleclus and chromatin., The nuclecli are spherical
structures present in the nucleoplasm. The content of
nucleslus is continueus with the rest of the nucleoplasm as
it is not a membrane bound structure. It is a site for active
ribosomal RNA synthesis. Larger and more numerous nucleol
are present in cells actively carrying out protein synthesis.

You may recall that the interphase nucleus has a logse
and indistinct network of nucleoprotein fibres called
chromatin. But during different stages of cell division, cells
show structured chromosomes in place of the nucleus.
Chromatin contains DNA and sonie basic proteins called
histones, some non-histone proieins and also ENA. A single
human cell has approximately two metre long thread of DNA
distribiuted among its forty six (twenty three pairs)
chromosomes.
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Fig 9.1 : Chomimosoime with
kinetochoma



Every chromoscome essenftially hasa primary constriction or the centromere on
the sides of which disc shaped structures called kinetochores are present (Figure
Q.11). Based on the position of the centromers, the chremosomes can be classified
into four types (Figure 9.12). The metacentric chromoesome has middle centromere
forming two equal é::ns of the chromoseme. The sub-metacentric chromosome has
centromere nearer to one end of the chromosome resulting into one shorter arm and
cne longer arm. In case of acrocentric chromoszome the centromers is situated close
to its end formiing one extremely short and one very long arm, whereas the telocentric
chromozome has & terminal centromers.

Sometimes a few chromosomes have non-staining secondary constrictions at a
constant location. This gives the appearance of a small fragment called the satellite.

When viewed under slectron microscepe. chromatin -appears as “beads-on-
string”. The beads are now known as “nucleosomes”. A typical nuclessome contains
200 bp of DNA double helix wrapped {two turns] around a core of histone octamer
having two copies of each of four tvpes of histone proteins viz., H2A, H2B, H3 and H4.
H1 histone molecule lias outside the nuclecsome core and seals the two turns of
DNA by binding at the point wherse DNA enters and leaves the core. The DNA that

Szocondary
Capstncton

Telocen I.ﬁ': Acrocentric Sub.metacentric Metacentrnc

Fig 292 : Ty pes of choremosomes based on 1he positlon of centrotners



Cell - “Su'ucrure and Fdncrfﬁns

continues between two successive nucleosomes is called linker DNA (Figure 9.13).
The association between nmﬁvely charged DNA and positively charged histones
allows for meaningful DNA packasing inside the nucleus. The beads-on-string
structure in chromatin is packaged to form chromatin fibres that are further coiled
and condensed to form the chromosomes.

Nucleosome “bead”
(8 histone molecules +
146 nucleotide pairs of DNA)

Figure 9.13 Nucleasome model

9.5.11 Microbodies [Peroxysomes and Glyoxysomes|

Percxysomes and glyoxisomes are often called microbodies. These are spherical
membrane bound minute organelles more commonly found in plant cells,
Peroxysomes are involved in the catabolism of long chain fatty acids and play
imporiant rele in the synthesis of phospholipids. Other imown peroxisomal function
includes the involvement in photorespiration and protection of cells from toxic effscts
of hydrogen peroxide. Givexysomes are generally found in fat rich germinating seads
{Castor) and these contain the enzymes of glyoxylate cycle which convert stared lipids
0 carbofiydrates,



SUMMARY

Al organismis are made of cglls or agprepates of cella, Cells vary in their shape,
size and scHvities/functions. Based on the presence or absence of & membrane
bound nuclens and other organelles, celis and hence organisins can be named as
eukaryotic or prokaryotic.

A trpical eukarvotic csll conszists of & eell membrane, nucleus and ovtoplasm.
Plant cells have & cell wall outside the cell membrane. The plasma membrane is
selectively permeable and facilitates transport of several maolecules, The
endomembrane system inchides EXE, golpl complex, lysosomes and vacuoles. All the
cell erganelies perform different but specific functions. Centrgsome and centriole
form the basal body of clis and flagells that facilitate locomoton. In animal cells,
ceniriales also form spindle apparatus during cell division. Nucleus contains milcleali
and chromatin network: [t-not only contrels the activities of arganeties but also plays
& major role in heradity.

Endoplasmic retienlum contains tubules or cisternae. They are of two types:
rough and smooth, ER helps in the transpert of substances, synthesis of proteins,
lipoproteins and givcogen. The golgt body is & membrancus organelle composad of
flattened sacs. The secrstions of cells are packed in them and transportad from the
call. Lysosemes are single membrane stnictures containing enzymes for digestion
of all tvpes of macromolecules, Ribosomes are involved in protein syathesis. Thase
occur freely in the cytoplazsm or are associated with ER. Mitochondrigs hielp in
oxidative phosphorylation and seneration of adenasine triphosphate. They are bound
by double membrane; the guter membrane is smooth and inner one folds into several
crictae. Plasiids are pigment containing or nutrient storing organeltes found inplant
cells only. In plant cells, chioroplasts are responsible for trapping light energy
essentisl for photosynthesis. The grana, in the plastid, is the site of light reactions
and the stromea: for biosynihetic phase of photosynathesis. The green coloured plastids
are chloroplasts, which contain chlorophyll: whereas the other coloured plastids are
chromoplasts, which may contsin other pigments like carotene and xanthophyvil,
The nucleus iz enclosed by nuclear envelope. a double membrane structare with
nuclear pores. The inner membrane encloses the nmucleoplasm and the chromatin
material, Nuclecsemes, the basic structorsl units, are packed into chromatin fbers
that are in turn colled and condensed to form chromesome. Thus: cell is the
structural-and functional unit of life.

Botany IR



Ce!i' x -éﬁ'ucmre and 'innczf'ﬁns

Active transport: Transmembrans
transport requiring snsrgy mostly as
ATP,

Antibiotics: Anpmicrobial subsrances
produced by some microbes.

Axoneme: The core part of & cilum oar
flagetlum that consists of microtubules
i E fypicel 842 array.

Carotencids: Terpeﬂa_id piEMEnts
abund=ant in chromoplasts that impart
yellow, orenge or red colous.

Cell organelles: M=mbrans bound or
unbound structures found in the
crtoplasmoof cells:

Chromatin: Thread like coloursd material
of the sulkaryotic nuclsus,

Cytoskeleton: Elaborate network of
filamentous proteinaceous structures
found in the cytoplasm of eukaryotic
cells.

Glycocalyx: A layer outside bacterial cell
wall usually made of polysaccharides.

Histones: Bssic proteins associated with
‘DRA.

GLOSSARY

Kinetochore: Disc shapsd structures
lecated in the cedtromeric part
of the c_hi'ﬂm?sn:me.

Mesosome: Membrans infolding in zoms
bacteria that help=s ian cell wall

Passive fransport: Tranzmembrans
trangport niot requiring enerEy 1.£.,
Movemen: down the concentration
gradient,

Plasmids: Small circnilar DNA fourd
outside genomic DNA in many

Satellite: A round teroimns]l part of the
chromozome preseat beyonad
the zecondary constriction in some
chromosoines:

Endomembrane System: A group of oall
!:srgﬂﬂEﬂEE wath coordinated functions
{ER. Golgi, I_fsnsmeai and vacuoles).

Thylakoids : Flattensd mambrasions sacs
present inside chloroplssts.

VERY SHORT ANSWER TYPE QUESTIONS

1. What iz the significance of vacuols
in'a plant sell ?

2., What does. S refer in & 708 & and
208 nbozome ?

3. Mention a single membrans bound
organeile which-is nchan hydrolyte
EMZVIMEs.

4. What are gas vacuoles ? State their
functions ?

5. What is the function of a polysome ?

B. What i= the feature of 2 metacentric
chiromosoma &

7. What iz refersed to as satsllize
cliromiosome 7

8. Whataremirrobodiss ? What do they
contain-? '
0. What is middls lamells made of 2
10. What is cemosis ?
11, Which part of the bactsrial cell is
targeted in gram staining ?
12. Which of the following is not correct?
[a] Eobert Browndiecoversd the c=ll
B) Schilsiden and Schwasn
formnlated the e=il thaory.
fel Vtrchﬂwafprainﬂﬂ that cslls are
formed from pre-existing cells,
[d) A unicellular organiem carries
out its life sctivities within a
single cell




13. ‘New cells generate from

|a) bacterisl fermentation
(b) regeneration of oid cells
(¢] pre-existing cells

(d) abotic matenals

Mstch the following

|si| Crstas

[t] Flat membranciis
[b) Cisternas (i} Infoldings in

(o} Thylakriess (i) E'lﬂﬂ—‘sh&pedsacs

in Golgi apparatus

Which of the following is correct:

|g| Ceilzof all Ii?fﬂ'g drg&ni&:mﬁ have

a nucleus.

(bl Both ammal and plant cclls have
awell definsd cell wall,

(e} In prokaryotes. thers are no
membrane bound crganelies,

:{d; Cells aﬂ: formed de novo from

What are plasmids? Desoribe their

role in bacterzs ?

What are histones? What are their

function=7

What is Cytoskelston? What

functions is it mmt"i'Ed. in?

What iz sndomembrane sysiem?

What ﬁaﬂ.nrgannﬁma are not included

in it? Why?

Distinguish betwesn active transport
Hasseet .

What are mecosomezs? What do they

What ‘are puclacscmes 7 What are

they madeof ?

How do neutral solutes move across

the plasma membrans? Can thepolar

molecules alzo move-scross it in the

s&me wav"‘ IE ﬂtﬂ; then how &fs thess

Name two ceil-organciles that- ars
double membrane bound. What ars
thﬂ cha.raeter:s‘t_t::—., &f thﬂge two
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systems.Anatomy of Dicotyledonous and Monocotyledonous
plants - Root, Stem and Leaf.Secondary growth in Dicot stem
and Dicot root.

UNIT-VII: PLANT ECOLOGY

Chapter 13 : Ecological Adaptations, Succession and Ecological
Services
Introduction.Plant communities and Ecological adaptations:
Hydrophytes, Hﬂsmphﬂes and Xerophvtes. Plant
succession. Ecological services — Carbon fixation, Oxygen release
‘aud pollitiation (i brie),
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BOARD OF INTERMEDIATE EDUCATION, AP, HYDERABAD
MODEL QUESTION PAPER

Time 3 hrs] Max Marks - 60

SECTION -A (10 X 2 = 20)

Answer all the questions (Very short answer type)

1. What is growth? What is the difference between the growth in living organisms and
growth Innon-iiving objects? - _

2. What is the principle underfining the use of cyanobacteria In agricuiture fields for crop
Improvement? _

3 Mention the ploidy of the Tollowing?

(a) Lear cell of a moss

(b)y PEN na dicotyledon

(c) Meristen cell of monocot

(d) Gemma cell in Marchantia

Why certain fruits are called false fruits? Name two examples of planls having false

fruits?

Whiat is the Morphology of cup like structure in cyathium? In which family it is found?

Explain the scope and significance of ‘Numerical Taxonoemy'?

\What are microbodies 7 What do they contain?

Giyeine and Alanine are different with respect to one substituent on the o — carbon.

What are the other commen substituent groups? _ _ _

9. Assume that the average duplication time of E. call is 20 minutes. How much time will

_ two E. coli cells take to become 32 cells 7

10. Chmax stage is achieved guickly in secondary succession as compared to primary

slUccession. why 7

g

@~ @

SECTION-B (4 X 6=24)

Answer any six questions (Short answer type)

11, Explain in brief the scope of Botany in relation to agriculture. Horticulture and medicine?

12, Give the salient features and impaortance of chrysophytes 7

12 Give a brief account on the phases of the life cycle of an angiosperm plant ?

14 Describe essential floral pars of plants belonging to Liliaceae 7

15. Describe centrosome 7 _ B _

16.  Though redundantly described as a resting phase, interphase does not really invoive
rest. Comment? _ ) _

17. -Aftransverse section of the trunk of a tree shows concentric rings which are known as
annual rings. How are these rings formed ? What is the significance of these rings ?

18 Define plant succession. Differentiate pimary and secondary successions?

SECTION-C (2X8=16)

Answer any two questions (Long answer type)

19. Explain how stem is modified variously to perform different functions?

20 Describe the process of fertilization in anglesperms ?

21. Describe the Internal structure of dorsiventral leaf with the help of a labeled diagram?
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