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PREFACE

Ti'IIS book deals with the Lower Plants mcluded in the syllabus for the
) second year of the B.Sc. course offered by the Andhra Pradesh Open
University. ‘The topics generally cover the “core” area of the subject to be
studied in the Second Year of the Three Year Degree Course in Science. The
syllabus, for the sake of convenience, is divided into blocks, each of which -
comprises a number of units. Each block generally covers a ' specific area of the’
subject. The units are prepared by the specialists in accordance with a format
sO designed as to~enable the student to read aqéunderstand them without
much difficulty. Each unit begins with a statéiment of its contents followed by
* objectives. Each unit has at its end summmdel answers for the qusstions
given in check your progress: ancl modal e amlnatlon questions. Technical
terms with which the student may n erally be farniliar are also given atthe -
~end of each block under the head Glo sary.

L

- Only important genera_have been tncluded SO as 10 glve the student a
broad idea of each major group. As far as possible, recent classifi catory system
has been presented for each group. For the sake of comparison, some of the
important older classifications have -also been mentioned. Details of _
development of gametangia and sporophyte are provided for -Marchantia
{Bryophytes) and Lycopod.'um (F'terldophytes) to be in line w1th other
Universities in our state. :

R

"~ The University. hopes that .this material will'help the student to get
acquainted with the principal issues of Botany in general and Algae, Fungi,
Bacteria, Viruses, Bryophyta and Pteridophytain particular. Critical suggestions -

™ for improving the text are most weloome and they will be incorporated in the
future edition. - SN - ,
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"13. " Contributions of Carl I.Annaeus

Ll OBJECTIVES o o

. 1. define binomial riomenclature, o Y

A /

UNIT — 1: AN INTRODUCTION TO PLANT
_KINGDOM' .

Contents - ' o~

11 Objectives . . o -
12. Introduction - _ T '

1.4. - International Code of Botanical Nomcnclaturc

- L5 Summary B : N ' N

16. Check Your Progrt:ss Model Answerq . -
1.7. Model Exammaﬂon Questlons . -

Alfter going through this unit you will be able to:
. ’

2. differentiate between species, genera, family, orcle class: and division, and . .
3‘ list out the important rulesof International Codenyf Botanical Nomenclature.-

' , ' ¥y T '
12, INTRODUCTION . _ 7/ ) R

L Y

“The word ' T'uconorny- was ﬁl%@posed by AP.de Candolle in 1813, This study reflects the |
o

drfforence& and similarities ameng ¢ rganisms. Somé of the important objccmes of plant

cldsslﬁcauon are: 1. Identilication) 2. Nomenclature on the basis of similarities and differences, 3.
Arrangement and grouping of plants into various taxonomic ranks in a natural way, 4. To build up
the evolutionary history of a taxon and 3. To follow the 1nternauoml (.ode of nomenclature (set of
rules for nammg plants) for mmmg a taxon.. -

- The Iwmg world coniprises of four main groups: L. Primltl\.u life forms (\-Il‘l.lht..b ﬂoncra
(Bactéria and blue green algae), 3. Protista (protozoa, dlgae and fungi) and 4. Modern plants -and .
animals. But, many biologists recognise only two kingdoms, nanp.}v plant and animal. Haeckel

- (1894) felt the necessity of a third kingdom, protista.” Plants at the cellular level possess cellulose cell

wallin addmon to the plasma membrane, while ammals have only the plasma membrane limiting the
cells. NutnUOnally, the plants in general can’ prepare their own food due [o the prcsence of
chlorophyll (autotrophs) while the ammals are heferotrophs.

-Of Iate modern biologxsts have recogmsed the fo]lomng four kmgdorns of the lmng world: *

‘Monera, Protista, Metaphyta (plants) and Metazoa ‘(animals). Bacteria and 'blue green algae are .

mcluded in Monera. The protista inclide algae fngi, slime molds and the protozoéns. From these
two prumtlve kingdoms, the modern plants and animals are said to have been evolved. Howover we
-are still t'ollowmg the 2 km&gdom (p}ants and animals) concept

Check Your Progress 1

e

What atﬂhe four kmgdoms rec¢ognised by the modern biologlsts in the lmng woﬂd" And what are

thé organisms that are 1nc1uded under each one. of them ?.

L
i

.



Note: (a) Writé the answer in the space given below. . }
.{b) Compare your answer with the one given at the end of this unit.
s 2 .
.................................................. ‘/-‘.......'...-,‘.....“.\;...‘_.‘.,....<.-,H..

1.3. CONTRIBUTIONS OF CARL LINNAEUS

Carl Linnaeus (1707-1778) was the first to devise the %omic dlassification. He is also
known as the father of taxonomy. Linnaeus developed the binomaal nomenclatuie as a system for
paming the ptants and animals. In this system an organisni s giyen two latin names, the "generic" and

> the "specific” names. In Cycas revoluta L, the first namge is ofelfe genus and the specific epithet is that
of the species. Capital letter is used for the first let the genus as it is normally 2 nown. The

specific name has a small first letter as it is usu@?n adjective. The generic and the specific names

" are printed in italics. Therefore, when t'hef are Written with hand or typed they are undetlined.

" Check Your Progress - 2
‘What is binomial system of nomenclature ? Who has developed it 7

Note: ’ (a) Write the answer in the space given below, - —
.(b) Compare your answer with the one given at the end of this unit.

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

T L R R I R S L T
I I I R R S A P

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

1. Species

Every organism is known by 1ts generic name and specific epithet. As such it is the basic unit
of¢ classification. Specics name can be in recoggition of one specific characier (e.g., Theobromia cocad™
means chocolate plant), place of occurrence or inhonour of ascientistFor ¢.g.,Berberis thunbergii is

- -~
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named afcer the botamst t Thunberg,- If it is an ad]ectwe, then it should agree grammatlcally with the
generic name. Names endmg with -um are neutral, -us are masculine and -4 are feminine,

Sub-specnes varieties or ecotypes are recog;msecl in certain cases within a spec:tes Biotypes
are variants in a species. In sub-species and varieties, characters are associated with heredltary
characters Forma (biotypes) are, however, developed due to environmental factors.”

- L

* 2. Genus

The first name of a plant is the generic name. The genus includes the closely resembling
species as its members. The speciés in a genus show morphological and genetic relationships.
Genera with a single species are called monotypic. Similarities in the reproductive characters of
“species are used as a basis for forming a genus. Apart from this, characters of seeds, seedlings and -
embryos are also takei into consideration in the classification of higher plants. . Leaf form and
arrangement are important in the gynmospermns, but not the cones as they are mostly similar in

- organisation. In lower plants still other characters are taken into consideration. Genera can be
named in honour of persons e.g., ‘Hookera’ for Hooker. . Genus can also be named on the basis of
place of collection e.g., Pandanus (i.e., from Malaya) and some are named on the basis of charqcters.

3. Family =~ - . . o
This is a group of genera with’ close resemblance Genera in a family have some commion
_ characteristics; e.g., those ini Cruciferae have cruciferous flowers, tetradynamous stamens etc,

4 Order ._« l

Families showing affmmes and similar &0l tlonary trends are included in an order

Snmlarly, orders with closer afﬁm e included in a sub-'cgass and the ';ub-clésscg in a still
higherunit; Class, the classes into al)éslognd allthe Divisions collectively form the Plant ngdom.

" Method of classitying plants-and animals evolved by Lmnaeus is followed even now, More
than four lakhs of speciés.of p%have been descrlbed till to—day ’ . .

_ Check Your Progress -3
Fill up the blanks:

E " #

.
(a) Group of genera with close resemblanoe is mcluded under

(b) Names of plants endmg with —um are

.. _-usare_ - - _and -a.
e - . ‘ ' .
(¢) Genera with a single species are called__
Note: (a) Write the answer in the spéices given above..
(b) Compare your answer with the one'given-at the end of this unit. . {

1.4. INTERNATIONAL CODE' OF BO'-I‘:ANICAL NOMENC[ATURE -
Botanical Congress at Cambndge in 1930 was held to formulate rules and regulatlons

‘regarding nomenclature thronghout the world. Thus, the International Code of Botanical

Nomenclature came into béing, Many new rules and regulatlons were introduced in the subsequent
meetmgs of the Internatlonal Botamcal Congress 1935, 1950, 1954 and 1959.

o,



" Somie of the important rules of the International Code are: o

1. All species should have a latin name. Author’s name should be given,in abbreviated form at the
end. e.g., Anona squamosa L. (L = Linneus) )

2, Herbarium sheet, a diagram, slides etc. of the author’s original collection-should be preserved as
the type specimen. : '
/

3. Date and place of collection, a reference name should precede author’s name. .

‘4, Use of specific names as generic names (e.g., Sassafras sassafras) i.., tantonyms, are not allowed.

Homonym is also discarded. Earlier name is valid, other names or duplicate names are called ..

synonyms: L

5. Ambiguous names (nomen ambiguunt) are rejected.

6. If aspecies is transferred from one genus to the other, the species name should be retained if that
name is not there in that genus. The name of the original author is kept within brackets and the
name of the author who is suggesting the change should come after the bracket.

7. The plants should have descripti;an. It should be published validly through scientific journals.

8. A variety of a species should be indicated by var. and form as forma. These should come after
the name of the species and the author’s name follows. '

9, For the ofiginal type material the term holotjp'e is used. THeter _lectotype'is used to designate

the specimen selected by a competent authority from iginal material of the anthor. Neotype
isthe term suggested for the specimen which is used stituting the original material which
is missing, Isotype is the specimen which is exalitylike the holotype. Then tliere are certain

departures from the laid down rules. Terms <?h paratype, co-type and syntypes are also nsed.

_ O
15. suMMaRY . ¥

The term taxonomy means the science of classification. Carl Linneus introduced the binomial
‘nomenclature, i.e., giving two names to any living organism, one genéric and the second specific. The
~ plant kingdom with modern plants is said to have evolved from protista which comprises of

protozoans, algae and fiingi. ‘ ' ’

’

The fifth Intetriational Botanical Congress held in Cambridge in 1930 formulated rules and
regulations regarding nomenclature throughout the world: -

17 CHECK YOUR PROGRESS : MODEL ANSWERS

1. Monera, Protista, Metaphyta and Metazoa are the four different kingdoms recognised by the
modern biologists in the living world. Bacteria and blue green algae are included under Monera,

- algae, fungi, slime molds and protozoans under Protista, all plants under Metaphyta and all
animals under Metazoa. ) - .

2. The naming of plants and animals with two different names i.e., generic and spécific names is

called binomial nomenclature. Linneus was the first man to develop this system.
3, (a) Family (b) neutral; masculine; feminine. (c) Monotypic.

;
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d " 1.7. MODEL EXAMINATION QUESTIONS

lI L AnSWer-the l’ollowiug'question in about 30 lines. ‘ Co - Bz
i ’ o -
j ) L What are the :mportant rules ‘and regulations - of Internatwnal Code of Botanical
T - Nomenclature.’ . " o
I ) IL Answer the following queshons in about 10 lines each. : N ST
i ' L1 What are the contributions of Lmnaens to plant cIassxﬁcanon.
T 2. Wnte briefly aboumeomral system of nomcnclature
: . : T
‘_] \ N
o /]' _ -
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21. OBJECTIVES 5 {

_After going through this unit you w-ill be ble’

1. recognise the position of algae in the plant kmgdom,
. list out different forms of algae,

. describe different types of reproduction,and
describe and dlfferenlmu, between various types of life cycles that oceur in algae.

B LD

2.2. INTRODUCTION

"

The algae, comnionly anown as pond scums", "water mosses”, “sea weeds" etc., comprise a

large heterogeneous assemblage of plants. Fritsch pointed out that unless certain limits are drawn,

the designation of alga must include all those holophytic forms that faii to exhibit the characteristics
of an archegoniate plant. That means, the algae can be distinguished by the following features:

1. The absence of archegonium like structure.

2. The rcproductwe bodies, either sporangia or sex urgans, are unicellular or multicellular and in
both all cells are fertile (cxcept Chara) wnhout any sterile cells,

2.3. DISTRIBUTION  —

The algae are cosmopolitan in distribution. They occur in a wide variéty of habitats - fresh,
brackish and marine waters, in or on the soils, moist walls, tree trunks, snow, hot springs etc. They



They are transported e:ther in vcgetatwc state or in spore COndlthn

organs lack vascular tissue but

-adapt themselves well to a particular habitat. However, large majority of forms occur in aquatlc '

" environments. Aquatic algae may be floatingor suspended i.c., planktonic or attached and living in

the bottom ie., benthic. Some “algae live endozoically or epizoically in or on the animals. like
protozoans, coelenterates and molluscs. Similarly a' few of them occir ep1phyt10ally or

endophyucally Ceplialeuros is a common parasxtlc alga on the leaves of a niumber of anglospenmc v

H‘CCS

Some algae de\[eiop in the forim of blooms. They secrete a number of substances and some of °
them are toxic. Blue-green algae and dinoflagellates are common examples of this catcgory

"l"he algae are transported from one placc to another through. the agency of wlnd and birds.-

-

24, -POSI.TIQN’IN THE PLA-NT KI_;NGDOM

- In the Plant Kingdom, the algae are studied first because (1) the fossil record indicates that
the ancient organisms with chlorophyll ‘a’ were probably blue-green algae, (2) the relative simplicity
of the plant bodies and (3) theClear illustration of many important biological phenomena (e.g., sexual
reproduction), So a number of Botanists view the ‘algae (specially the green algae) as likely.
progenitors for the other-groups of Plant Kingdom, because of similarity in pigmentation (presence

. of chlorophylls ‘a’ and ‘b’) and reserve food as starch. -

2

2.5. RANGEOFPLANTBODY  \_).

The form’ of algae varies from a sip, yle g&l-}fo the comﬁlex giant kelpsi(sea weeds) and rock
weeds. “Species of Chilorella (5-8) are in t\%hm'ge of bacterial size whereas some. of the sea weeds

" may attain a_ length of 60 m. @wcllular, colonial, fitamentous (unbranched, branched;,
0

heterotrichous), membranous or foligse and tubular types of plant body occur. Some have highly
differentiated blade-like t'ypc% a few have root like organs, stems and leaves, although these
h

conduclmg cells. The thallus organization has been dealtin detail
in unit - 9. ' 2 : :

Growth of various alg.ae may be dnftusc or generallzed or localized. It may be aplcal (Ci:ara)
basal (Bulbochaete) or- mlercalary (Oedogonium).

The diversity of algal organization canbe evolved from ancestral unicellular {lagellate algae.
It has been postulated that two major series déveloped from such ancestors: 1. Colonial metile habit
representing the Volvocine series and 2. nonmol’ilc algae which include gelatinous, palmellord
colonies rcpresentmg the Tetrasporme series,

T 26, REPRODUCTION

L

{n algae rcproductlon takes place in 3 ways: 1 vcgclatwc 2. asexual and 3. sexual.

.6.1 Vegetative Reproduction

¢+ Insome unicellular orgamsms reproduction is by cell division. The divisions may be repeated

algae, cell division and subsequent enlargement occur, Many filamentous forms non-colonial and
othier multicellular algde reproduce by fragmentation. The fragments have the capacity to

nr 3ngld succession, This is sometites called binary fission.” In colonial and certain multicellular

. continue growth and develop into new individuals, Among the filamentous blue-green algae this is



a specialised process and the fragmcnts “which. exbibit gliding movement are called horomogoma
(Fig. 2.1B).

Algae produce a variety of spores out of which akinetes are very common in blue-green and
" greenalgae. An akineteisa vegctatwc cell withits wall thickened and can withstand the. unfavourablc
conditions (Fig, 2.1 D),

'Fig. 2.1 Methods of reproduction (Diagram:atic). A. Bipartition or binary fission. B. Fragmentation
or hormogone formation. C. Autocolony formation. D, Akinete formation. 'E. Zoospore formation.’
F. Aplanospore formation. G. Autospore formation. H. Isogamy: L Anisogamy. J. Oogamy

' 2.6.2. “Asexual Reproductlon

Asexual reproduction is achieved by the production of various types of spores. Except
Cyanophyceae and Rhodophyceae, most of the groups produce zoospores which are motile unicells
(Fig.2.1E). In some cases the zoospores loose their motility and such spores are called aplanospores
(Fig. 2.1F). In some, the aplanospores appear identical to the parent cell and these are referred to
as autospores (e.g, Chlorella, Fig. 2.1G). Some times the aplanosporcs thicken their walls and
* develop into hypnospores. '

In coenobic algae the reproduction is by autocolony formation. Autocelony is a miniature
colony produced by a. ce]l ofa parent colony (F:g 210, ,

The endospores and exospores of Cyanophyceae, monospores, tetraspores ete. of red algae
are other types of asexual spores. These are described in detail under the individual groups.
reproduction the word ‘swarmer’ is commonly used for a motile spore which behaves either as-a
zoospore or as a gamete.. In multicellular forms the spores may be formed in all cells or it may be
restricted to well defined ‘sporangia’. In Phaéophyceae two kinds of sporangia are known:
1. plurilocular and 2. wnilocular. The former is multicellular and produce swarmers which can be
either gametes or zoospores The wnilocular sporangia produce a number of swarmers which are
always asexual in nature, . :

T A
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2.63. Sexual Reproduction

i represented by the zygote {e.g, Batrachospermum).

In sexual reproduction there is an opportunity for exchange of genetic material and formation
of new combinations. Sexual reproduction is not observed in Cyanophyceae. It is not yet confirmed
in Englenophyceae. In all the other. classes of algde it is prescnt' This is effected by three basic
methods: 1. Isogamy 2. Anisogamy and 3, Oogamy. In i isogamy fusion occurs between two
morphologlcally identical gametes. Anisogamy involves the pairing of two dissimilar gametes, ie.,
one gamete is smaller than the other, In certain cases the morphologically identical gametes bchave
differently, thus exhibit the physiological amsogamy In some algae the gametes may be highly -
dimorphic. The larger, non motile gamete is called an egg or ovumi and the smaller, motile one is
called the sperm or spermatozoid, A spermatozmd unites with an egg and this type of sexual
reproduction is known as Oogamy (Fig. 2.1H-J). Afterthe fusion of the gametes a zygote is formed.
The germination of zggote may vary, in different algae but usually the contents divide to form
zoospores. These Zoospores germmatc into the parent plant. In rare cases the zygote gérminates
directly into an adult plant. In Charophyceae the germination of the zygote is indirect and produces.
a protonema from which the adult plant develops.

ChequounProgress,_l e - . o BN
What is an-akinete ? '
Note: (a) Write your answer in the space given below. - .

(b) Compare your answer with the one given at the end of this unit,

27. LIFECYCLES _ o

Different types of llfe-cycles havc been rccogmscd in the algae. They are haplontlc, dlplontlc, )
diplohaplontic, haplobiontic anid dlploblontlc o .

2. 7 1. Haplontic ‘ : ‘ ' N -

-In this, the parent is haplo:d ‘and the zygote rcprescnts the d1p101d phas¢ with rcducnon"
dms:on occuring at the time of the germination of the zygote (e.g., Volvox, Oedogomum)

2.7.2. Diplonti¢c -

The parent is a dlplont and the sexval spores (gamctcs) constitute the haploid phase.
Reduction dms!ontakesplacc at the tlme of gametogcnesm (¢.g, Diatoms). -

2.73. Diplo-h aplontic

Therc will be an altematxon of diploid sporophytc with the haploud gametophytc Reduction
dmsmn is effected at the time of formatlon of spores by thc sporophyte (e.g., Cladophora).

2.74. Haplo-bwntlc
'I‘wo haplod generations. (gmnctophytc and carposporophytc) alternanng with a d1p101d one

Y

\),

. -



2.7.5. Diplo-biontic

Two diploid phases (carposporophyte and tetrasporophyte} and a haploid phase
(gametophyte) allernating with each other (e.g, Polysiphonia).

2.8. CLASSIFICATION

Linnaeus (1753) reporied 14 genera of algae out of which only 4 (Conferva, Ulva, Fiecus and
Chara) were algae. By the end of 19th century four classes of algae were known: M yxophyeeac (bluc-
green), Chlorophyceae (green), Phaeophyceae (brown) and Rhodophyceae {red) togother with
diatoms which were included either as a separate group or as part of the Phacophyccac, Colour wir
considered as prime importance in classifying the major groups of algac. Motile unicellular and!
colonial forms were not included in algae but were classified under Flagellata in the Protozoa (with
an cxception of Chiamydomonas - Volvox series). Later on, a number of organisnms was examined
and found that many "flagellates” were closely related to algae.

In the 20th century along with differences in pigmentation, differences in st - P

and cellular organisation have also been recognised. Smith (1950) recognised 11 major groups of

algae and he grouped them in 7 major divisions. This he did in conformity with ¢ L.t
Code of Botanical Nomenclature and designated as Chlorophyta, Euglcnophyta, L uysopliyia,
Phacophyta, Pyrrophyta, Cyanophyta and Rhodophyta. Fritsch {1935, 1945) divided algae into 10
classes. Papenfuss (1946) suggested that the names for algal divisions include ‘phyco’ to indicate the
" algal level of organisation and accordingly they are called Chlorophycophyta, Rhodophycuphyta cte.

11 divisions of algac have been very well recognimthe modern Phycologists. They sre
" Cyanophyta, Chlorophyta, Charophyta, Xanthophyta, phyta, Bacillariophyta, Pyrrophyta,
Cryptophyta, Englenophyta, Phacophyta and Rhodo . These divisions differ in their 1. cellulay
organisation, 2. pigmentation, 3. cell wall compoficnts; 4. storage products and 5. types of [agpetin,

which are given in the form ol a table (Table - “Klein and Cronguist (1967) while reviewing the,

classification of algae (and other plams) on chemical, structural and functional criteris ke
_ recognised only 6 division and classified thewblue-green algae with bucteria.

“The detailed characteristic features of different groups of algae are mentioned m didi=
lessons (Lessons 3 1o 8).
Check Your Progress - 2
How many classes are recognised by the end of the 19th century in Algae ? What are they ?

Note: (a) Write vour answer in the space given below.

(b) Compare your answer with the one given at the end of 1his unit.

11



Table 2.1 General Characteristic Features of Different Groups of Algae . |

" Phaedphyta

1

Cyanophyta Chlorophyta Badillariophyta Rhodophyta
Habitat Aquatic, terrestrial ' Agquatic, Fresh, brackish Marine - Marine .
(fresh, brackish & terrestrial . marine, terrestrial’ (few fresh water)
Cellular Frocaryotic ) Eucaryotic Eucaryotic cell in Eucaryotic Eucaryotic
organisation | : two halves, cell wall N '
silicified with eleborate
markjings.
Pigments C,hlorol:)hﬂl @, Chlorophyll Chlorophyll ‘a”& ¢’ Chlorophyll ‘a’ & ‘€”  Chiorophyll ‘a’ & “d
B! Carotene, ‘2’ & b’ - Carotene, £ - caro- B~ Carotene; f3- Carotene, lutein,
Myroxanthin, S~ Caroten tene, diatoxanthin, . Fucoxanthin, lutein ~ zeaxanthin, triaxanthin,
Myxoxanthophyll 5\?\ diadinoxantliin violaxanthin R-phycoerythrin,
C-Phycocyainin & y R-phycocyanin.
C-Phycoerythrin. Q—s
Plastid No membrane plasts - Chromatophores Chromatophores Chromatophores
organisation bound plastid, t, present, present, present, thylakoids
thylakoids free. 2-6 thylakoids 3 thylakoids * 2-6 thylakoids single, not associated
in stacks, '
Reserve food. Cyanophycean True starch Chrysolaminarin Laminarin Floridean starch
materiat starch . :
Flagella Absent 2ord 1, pantonematic, 2, unequal, lateral, Absent
anterior, equal, anterior. '1 acronematic, :
acronentatic - 1 pantonematic
-Cell wall @ € - Diamino, Celtulose Silica, pectin Celluiose, Ceflulose,
pimelic acid alginic acid, polysulphate
and fucoidan esters.
Sexuality Absent Isogamy to Isogamous Isc;gamy to Advanced Oogamous,
Qogamy anisogamous Ooganmy complex, post
and Oogamous fertilization changes.




29, SUMMARY

Algae are cosmopolitan in distribution and occur prcdoniinantljr in aquatic habitats, ‘They
occupy first place in the plant kingdom, since they are the earliest oxygen, evolving photosynthetic

organisms. The plant body ranges from a single cell to complex giant kelps. Different groups exhibit

different colours due to differences in pigmentation. Chlorophyll-a is the main photosynthetic
pigment in all algal groups. Reproduction is by. three ways : 1, Vegetative, 2. Asexual and 3, Sexual

_The algae are divided into a number of divisions based on pigmentation, storage products, .

. flagella, cell wall and cellular organisation. Différent types of life-cycles have been recognised in
algae. They are haplontic, diplontic, diplohaplontic, haplobiontic and diplobiontic.

2.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. An akinete is a thick walled nonmotile spore devellpped from a vegetative cell. It can withstand
unfavourable conditions. ' ‘

2. By the end of the 19th century the algae were classified into four major classes. They are
Myxophyceae (blue green algac), Chlorophyceae (green algae), Phacophyceae (brown algae) and

Rhodophyceae (red algae). -

S

2.11. MODEL EXAMINATION QUESTIONS )

O

‘L Answer the following ques(ions in about 30 lines ee?.\ :
1: Howdo you distiﬂguish algae from othergtoupsin i)lant kingdoin ? Discuss its position in
the plant kingdom. ' o
2. Discuss the various methods of ases production in algae.

3. Explain the different types of sexual reproduction-met within algae. Add a note ou its
significance. '

11, Answer the following questions in about 10 lines cach.

1. Give an account of li_fc—cycles reported in algae.
2. What are the criteria employed in the classification of algae

3. Mention the various algal divisions and their characteristic features.

13 .
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3.1. OBJECTIVES O

3
After going through this unit you v@nblc to:

. list out the general characé%?: cyanophyceae,
. describe the cellular organisation in blue green algae,

. describe the reproductory mechanism in and affinities of blue green algae, and.
. describe structure and reproductory mechanisms in Gloeocapsa and Oscillatoria.

BT ]

- 3.2. INTRODUCTION

The Division Cyanophyta includes only one class, Cyanophyceae, commonly known as
blue-green algae, which are distinguished by five main features: 1. procaryotic cellular architecture,
2. absence of flagella, 3. gliding movement, 4. photosynthetic pigments include chlorophyll “a’,
biliproteins (C-phycocyanin and C-phycoerythrin) together with myxoxanthin and myxoxanthophyll,
5, Cyanophycin as the reserve food material. _

3.3. GENERAL CHARACTERS OF CYANOPHYCEAE

Blue-green algae are ubiquitous in their occurrence and are abundant in neutral or slighcly
alkaline habitats. They occur in waters having a great range of salinity and temperature. They are
common in and on the soil and also on moist recks. Soime of the planktonic foriis develop in the
form of algal blooms. They are found in alkaline hot springs with temperatures of 70° — 80°C.



The cyaﬁophyé;ae has unicellular, colonial and filamentous forms. Branchéd filamentaus
types are also present and brtnchmg either true or false. :

" Gloeocapsa and Nostoc ar‘e the phycobionts of lichens, while Nostoc and Anabaena occur
within the plasit bodies of certain liverworts, cycads and angiosperms. -

Blue-green algae form mats on bare soil and are known to be the primary colonizers on the
land. They serve as soil binders and prevent erosion of the soil. They also add organic matter to the
soil. Certain blue greens can fix elemental (gaseous) nitrogen and so some algae are grown in
rice-fields to increase the yield of rice. Some are deleterions to human beings as they release toxic
substances into the habitat, ’

3.3.1. Cellular Organization
Blue-green algae are procaryotic, Le., they lack membrane- bounded nuclei. With the light

microscope no infernal differentiation is visible. The cell is bounded by a wall, sometimes as two \
layers; and a mucilaginous sheath outside the wall. The cell contents can be divided into 2 regions, .

the peripheral chromatoplasm contairing the photosynthetic pigments and an inner colourless
centroplasm. Cyanophycin granules are prominent and in planktonic forms pseudo or gas vacuoles
can be seen. Organelles like chloroplasts, mitochondria and nuclei are absent (Fig. 3.1).

O
.o * % | %1
of S—A

S

Fig, 3.1 Light microscopic view of Cyanophycean ceil. 1. Mucilaginous sheath. 2 Cefl wal.
3. Chromatoplasm. 4. Centroplasm. 5. Granular inclusions (mainly cyaniophycin).

The thylkoids.of blue-green algae are not enclosed in a membrane to form chloroplasts but
lie free in the cytoplasm. Inside the thylakoids is chlorophyll ‘a” and the accessory pigments
(biliproteins) occur on the surface of thylakoids in the form of small particies called the
phycobilisomes. These accessory pigments transfer light energy to chlorophyll ‘a’.

The DNA in Bluc-grepns lacks a histone coating and'is present as fine fibrils. The blue-green
. algal protoplast also contains a variety of other siructures such as 70 S ribosomes, gas vacuoles,
polyglucan granules; cyanophycin granules, polyhedral bodies and lipid droplets (Fig. 3.2).

Gas vacuoles appear as reddish granules in the light microscope. In the electron microscope
they are seen to be composed of gas vesicles which aid in cellular buoyancy.
' Dr o 7Y Ace. Not ¢ M- 017
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" motility. The other methods of reproduction include the p

Fig. 3.2. Digrammatic representation of an efectron micrograph of a Cyanophycean ¢ell. a. Polyglucoside or glycogen
granule. b. lipid body. <b. cylindrical body. ow. cross wall. i, ml, ol. innex, middle & ouvter layers-af celf wall,
e. elaboratrons of plasma membrane. [, thylakoid “n. nucleoplasm (DNA without histone). pb. carboxysome. ph.
phycobilisomes. pl. nficroplasmodesmata. pm. plasmalemma. r. ribosomes. s. sheath. sg. cyanophyein granules,
t. local thickéning: v. polyphosphate body. iv. - intratamellar vesicle. {Redrawn fror_n Bold & Wynllne)

'3.3.2. Reproduction - _ o : . -

-

Reproduction in unicellular forms is by cell division whereas in the colonial and filamentous

algae it is by fragmentation. The fragmented-bits of a filament are called hormogonia which exhil:lrit_ .

roduction of different unicellular --1['

structures such as akinetes, endospores and exospores (Fig 3.3). _ R
Sexual reproduction- has not been observed in Cyanophyceae. Genefic fécbn;biﬁatibn has

been reported in Anacystis nidulans, but plasmogamy has not been discovered:” -



A

Fig. 3.3, Asexua! spores in Cyanophyceae A. Endosporé formation. B, Exogpore formation,
3.3.3. Heterocysts

Heterocysts are cells which arise by external increase of the walls of vegetative cells by three
additional layers. They bear superficial resemblance to enlarged vegetative cells and are terminal or
intercalary in the trichome, At the point of contact between heterocyst and vegetative cell, the wall
is modified in the form of a polar nodule through which there is a channel. It is traversed by
microplasmodesmata which provide continuity between ‘heterocyst and vegetative cell.
Nitrogen-depleted medium is quite favourable for the hetero oduction. Electron microscopic
examination reveals that the heterocyst has two layers in @- ick wall, It may contain much smaller
amounts of none of the biliprotein pigment. Their thylakoids are arranged in a reticulate fashion
when compared to the vegetative cells. Ribosomeét?esreduccd in number and all other granular
inclusions are absent (Fig. 3.4). Q

——

L
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Fig. 34. Diagrammatic representation of an eleciron micrograph of a heterocyst.
1. Cell'wall. 2. Eavelope. 3. Septum. 4. Pore Channel. 5. Thylakoids.

Heterocysts play an important role in nitrogen fn:ation, in'stimulating the akinete formation
adjacent to them and sometimes they themselves can germinate to form the trichomes. :

Check Your Progress -1
What are the functions of heterocysts ?

17
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Note : {a) Write your answer in the space given below,

(b) Compare your answer with the one given 2t the end of this unit.

3.34. Affinities of Cyanophyceae

Stanier etal. (1971) consider these algae to be bacteria because of procaryotic cellular
organization and biochemical aspects. But many phycologists expressed that blue-green algae
contain chlorophyll *a’ which differs from that of the photosynthetic bacteria. During photosynthesis.
free oxygen is liberated and HaO is used in Cyanophyceae but not in the bacteria. Hence this group

‘must be retained among the algae although it has close affinities with bacteria.

. Namnofossils of Cyanophyceae described date back some 1.9 billion years ago are often

considered 1o be the organisms responsible for the early accumulation of oxygen in the carth’s
atmospheré. :

*_Inthis unit only two types have been describc@elail. Theyare Gloeocapsa and Oscillatoria.

34, GLOEOCAPSA

o .

k. R . -
Gloeocapsa grows in extensi wt{'a\tg:n moist rocks and also found in aquatic habitats. It is
phbycobiont of lichens., '

34.1. .Slru;l.ur'e Q}

Cells are solitary or in small colonies and coccoid. The cells are oﬁoid-cllipsoid and
surrounded by copious mucilage sheaths. The sheaths are homogeneous to lamellated and coloured

brown; red, blue or violet. Within the sheaths, cells of several generations may be included and form
a colony {Fig. 3.5).

Fig. 3.5. Gloeocapsa,



3.4.2. Reproduétion

Reproduction takes place by celt division or binary fission. The products-of division are
spherical or bave rounded poles. . . _ T~ -

r

Gloeocapsa can fix atmospheric nitrogc‘:f_lt has been hypothesized that the sheaths of
Ghoeocapsu may soméhow effect microaerophilic conditions in the cells that permit nitrogenase
., activity. . N _ . .

-

35. OSCILLATORIA

=

Oscillatoria which belongs to the order Hormogoniales & family Nostocaceae is commonly
found in rain water pools and puddles. It also-occurs in ponds and lakes. The trichomes often occur
in floating masses or flakes. The species are also found on’moist soil. ‘

351 Structure

The thallus is trichomatous, composed of a row/chain of ¢ells. The trichome is unbranched,
cylindrical and Jacks a sheath or rarely has a very delicate one. All the cells in a trichome are uniform
except the apical celt which is broadly rounded or attenuated or capitate or its free face may be
thickened into a calyptra. In species with narrow trichomes the cells are cylindrical and their length
may be equal to or greater than the breadth. In other specics with broad trichomes the cells are

shorter than broad (Fig. 3.6).

Fig 3.6. Oscillatoria showing different tip cells. 1. Biconcive dead cell. 2. Separation disc.
,3.5.2.. Movement

“The trichomes ot-Oscillatoria exhibit gliding movement, rotation and an oscillatory movement..
The gliding movement takes place when the trichome is in contact with substrates such as agar, glass
slide etc. This type-of movement, without the aid of organs of locomation, also occurs in some
filamentous bacteria. Perhaps, through minute pores in the walls mucilage is sccreted and a sort of
propulsion is caused by this secretion. Sometimes contractile waves on the cell surface also résulis

- in the movement. alfen and Castenholz reported fibrils in the wall and thought to be involved in

3
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'3.7. CHECK YOUR PROGRESS : MODEL ANSWERS

‘motility. and are 'the sites of waves of propulsion of the trichome. The oscillatory movement of

trichomes is related to these waves of propulsion of the superfical fibrils,

3.5.3. Reproduction ._

- Reproduction is by fragmentation of the trichome into hormogonia. They are formed-by
separation of adjacent septa or by the death of certain cells that may become biconcave separation

discs or necridia (Fig. 3.6).

Check Your Progress -2

“What types of reproduction occur in Gloeocapsa and Oscillatoria

_ Note: (8) Write your answer in the space given below.

(b) Compare your answer with the one given'at the end of this unit.

’ H

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

I I T D

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

3.6. SUMMARY

_. Cyanophyceae (blue green algae) are ubiquitous in their occurrence. They are the primary
colonisers on the land. They are prokaryotic. C-phycocyanin is the dominant pigment. Heterocysts
are present only in this group. Gas vacyoles.arp common in planktonic species. Blue green algae
can fix atmospheric nitrogen. They cannot reproduce sexually. They show very-close affinity to
bacteria. In Gloeocapsa cells are solitary orin small colonies and are surrounded by brown, red, blue
or violet sheaths. Reproduction takes place by cell division.” The thallus of- Oscillatoria is
trichomatous and exhibits. oscillatory movements. Reproduction is by hormogone fo:mation:

i

1. Heterocysts play an important role in the fixation of nitrogen. It stinulates the formation of
- Akinetes in the adjacent cells. ‘Sometimes.they germinate and form the trichomes. - ‘

y ; ’ : ! ; '-:':".\‘\_ .- . ' ‘ agp
2. In Gloeocapsa rcprpdﬁction\takgs place by .cell division~or binary fission. In. Oscillatoria

reproduction takes place by fragitientation of the trichome.into small bits called hormogonia.
Each hormogonium develops intc a separate trichothe, The | fragmentation takes place due to the

separation‘of adjacent septa or by the death of certain cells which are converted to biconcave
separation discs. ' ) s

-



3.8. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.

1. Write briefly about the general characters of and cellular organisation in Cyanophyceae.
2. Give an account of the structure and reproduction of Gloeocapsa and Oscillatoria.
. L, Answer the following questions in about 10 lines each,
- 1. Givé a detailed account of the celiular organisation in blue green algae.

2. What are heterocysts ? How do they differ from vegetative cells ? Add a note on their
functions. ) '

21
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~

By the end of this unit you will be al:Q: . - .

4.1. OBJECTIVES

- 1. describe the general charactens of Chlorophyceae, _
2. list out the different ordcrs%lorophyceae, and T~

3. discribe the morphology, reproductlon and economlc 1mportanoe l.f any of Volvox, and
Coleochaete. - p . o } ~

A

- Volvox, and Coléochaete belong to the class chleropliyceae. . Volvox is a coldnial motile
organism and it belongs to the drder volvocales and the family volvocaceae. Coleochaete, which is a

heterotrichous filamentous form belongs to the order chaetophorales and the family
coleochaetaceae.

- l
S

4.3. GENERAL CHARACTERS OF CHLOROPHYCEAE- 0

The Chlorophyceae, or grecn algae constitute one of the major groups of algae. The chief
distinguishing characters are 1. pigments inchide chiorophylls ‘a’ and b, 2. accumulation of starch
as the reserve food, 3. cellulose cell wall and 4 Flagella2 or 4, equal inlength and all are acroncmanc. _

Most of these algae occur in frcshwatcr, a number of them in brackish waters and some orders

" are exclusively marifie,-They also constitute the soil flora and also grow in subaerial habitats.

5
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- The range of thallus organisation includes unicellular, colonial,filamentous (3impie,

_ branched, hctcrotnchous), membranous and tubular types. These types are described under
. . ™.

dlfferent genera,

- ’ -

The chloroplast is the conspicuous part in thc cell and occurs in a vanety of patterns The
ultrastructure shows that the thylakoids are bounded by a-membrane. Two to six thylakoids in the
form of bands are present and.dense stacks of them.in the form of grana occur in some. Ribosomes

.and DNA are prescnt in the chloroplasts. The chloroplasts contain one or more pyrenoids. Pyrenoid

is the site of starch accumulation (Fig, 4.1). The chloplasts of motile vegetative or reproductive cells

contain stigma or eyespot. This is considered to be the site of light perception. The chloroplast
pigments are chlorophylis a and b, ¢, B and « - carotenes and several xanthophyils. N

[T
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Fig 41, Fine structure of a chloroplast in green algae (di}%\mam‘) 1 Chloroplast membrane. 2. Thyla--
koid. 3. Grana like stack. 4. DNA Fibril. 5. Stro.? Chidroplast ribosome. 7. Pyrencid. 8. Starch Plate.
. ——
The flagella in motile organisms are,2 o4, isokonton (equal in length) and acronematic
(smooth) type. The motile green a!gae in contractile vacuoles in the colourless cytoplasm
towards the anterior end.

The green algae contain otherorganelles such as golgi apparatus, mtochondna and

endoplasmic reticulum. In all green algae (except some Volvocales) the protoplast is surrounded by
awall just outside the plasma membrane. In many cases the wall is double layered and the inner firm
layens&omposcd of celluloso.

The Chlorophycean members reptoduce both by asexual and sexual mcthods A detailed
account of this is given under each type described in subsequent pages of this book.
Check Your Progress -1 - - - . _

What arc the distinguishing characters of chlorophyceac‘? . ST

Note : I {a) Write your answer in the, space given below.
(lg) Comparc your answer with ‘the one given at the end of thls unit,

I
1



The classification of Chlorophyceae is undergoing rapid changes and scveral systems have
been proposed. It can be divided into the following orders: 1. Volvocales, 2. Tetrasporales, 3. Ch:
rococcales, 4. Ulotrichales, 5. Chaetophorales, 6. Oedogoniales, 7. Ulvales, 8. (Jadophorales,i? Zyg-
ncmatales 10. Caulerpales, and 11. Charales.

4.5, VOLVOX -.

The order volvocales includes both unicellular and colonial organisms which are motile. The
members are mainly freshwater forms,

" Volvoxis w1dely distributed in frcshwdter habitats i.e., ponds, lakes, tanks, pools, puddles ete.
It also causes water blooms.

4.5.1. Morphology S \> ' )

The colonies are spherical and visible t§ thejnaked eye.. Each colony consists of many small
cells (1,000 to 50,000) and a few aflagellate cellchlted gonidia which are reproductive in function.
All cells are arranged at the periphery of the€0lony and are surrounded by a mucilaginous envelope.
The cell number of a particular spcc@ § fixed and is determined at the beginning of the development

of the colony. Such colonies with fiXed number and regular arrangement of cells are known as
coenobia. ' g '

The vcgetatwc cells-have Chiamydomonas - like organisation i.., cells contain a basin-shaped
chloroplast with 2 pyrenoid, a nucleus, two contractile vacuoles, two ﬂagcila and an eye-spot. The |
cells are spherical or subspherical in Shape: There are cytoplasmic connections or plasmodesmata
between the cells. When young, all cellsin a colony are alitke and are purgly vegetative. As the colony
matures some of the cells at one end of the colony (posterior end) shed their flagella, increase in size
and differentiate into_the reproductive cells called gonidia (Fig, 4.2).

%

Figd.2. Volvox colotiy with daughter cofonics. 1. Daughter colony..
‘2. Vegetative cell. 3. Flagella. 4. Plasmodesmara. 5. Colonial envelope,
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452, Reproduction .
Reproduction in Volvox takes place by both asexual and sexual methods.
Asexual Reproduction

A gonidial cell undergoes a serics of divisions and form an autocolony. The first division of a
gonidium is longitudinal followed by other divisions which are also longitudinal but slightly oblique.
An cight-celled structure in-the form of a curved plate, known as the plakea, is formed. Further

divisions continue in the cells of plakea and finally a spherical structure with an opening called the

‘phialoporc results. The division of cells continues til the fixed number of the species is reached and -

produces a hollow sphere of cells. At this stage the anterior ends of the cells are towards the interior
of the sphere. When the cell division is completed the: phialopore begins to open and the area
opposite to the phialopore folds inwards. This folding wn_tiﬁues until the daughter colony has
completely turned inside out. By this process of inversion the anterior ends of the cells are brought
to the periphery of the c010n¥ which soon acquire flagella (Fig. 4.3.). Like this, a number of

Fig. 43. A sexual reproduction in Volvox. A. Division of gonidiuvm. B. Hollow
sphere of cells. C,D. Invertion of daughter colony. 1. Gonidial cell. 2. Phialopore.

autocolonies are formed within a pareni coenobium (Fig, 4. 2 ). The daughter colonies when they -

mature escape through rupture of the parent colony.

Sexual Reproduction

Sexual repfodnctiou is oogamous. The colonies may be unisexual or dicecious or they are
bisexual or monoecious depending on the presence of clthcr sperms or eggsor both. In Volvox atreus
the gonidia functlon as eggs. -

The: e.gg cells (oogonia) are darker andinoré dense than the gomdnal cells and sometimes these
are flask-shaped. The sperms are produced by divisions of the cells (antheridia) i into 16-64 or 256-512
small cells, In the beginning, like in asexual reproduction, the cells are arranged into a plakea stage,
then followed by inversion and resulting in a group or plate of spermatozoids.

The packets of spermatozoids are liberated out from their parent coenobium and swim to the
surface of the female colonies. Then they dissociate into individual spermatozoids, enter the female
colony and one spermatozoid succeeds in fertilizing one ovum or egg. In.monoecious forms the



L]

spermatozold-platcs dissociate w1th1n the same cocnoblum and fertilize the egps. Alter fcr[lllZd[IOI'l.
zygotes are formied which soon develop thick walls and appear red, Finally the colony dlsmtq,l ates

as the oospores enter dormancy (Fig. 4.4.).

“Fig. 4.4. Sexval reproduction in Volvex. A.Pro @
B. Fenilization in female cocncbivm. 1, Spermatoaefds; 2. Oogonjum. 3, Ovam. 4. Lygolc

and the other 3 disintegrate. Erom ctional nucleus a zoospore emerges. This motile cell swims

At the time of dospore germinationmeiosis occurs and out of 4 nuclei only onc is functional
for™a short time and afterwar un% rgoes a number of divisions to form a small, young colony

‘(Fig. 4.5.).

v

Fig: 4.5, Sexval reproducuon in Yolvox. A. Monoecious colony. B. Spermatozoids.:.
WL Zygote D-G. Zygote. germination. 1. Plate of spcrmatozoﬂ& 2 Oogomum



. Check Your Progress -2
What are gonidia ? |
'Note: (a) Write your answer in the space given, below.
~ (b) Compare your answer with the one given at the end of this unit,

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

4.5.3. Conclusions
In Volvox some interesting observations can be made.
1. An increase in the size of the colony with an increase in the number of cells,

2. Decrease in the size of the cells due to increase in its number.

" 3. Marked division of labour, i.e., cells pcrformmg vegetative and reproductive function are quite

distinct. . 9
4. Morphological differentiation of cells in a coenobium;ygonidial cells are much larger than the
vegetative cells. @

If the unicellular, motile organism like Co"rlamy%bnas is compared with a highly elaborate
coenobial type such as Volvox certain intcresting@g@mena emerge, specially in their reproduction.
In Chlamydomonas during reproduction the entife protoplast is perpetuated into the offspring. On
the other hand in Volvor there is lot of d@xgﬂion of somatic cells in a coenobium, Only a few
cel]s act as reproductive cells (gonidial cell ose protoplast is transferred into the offspring.

/4 5.4. Graphie Life-Cycle
The graphic Life-Cycle of Volvoxis given Below.
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. Fig. 4.6, Graphic Life-Cycle of Volvox.
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46. "COLEOCHAETE =

[

The organisation of thallus in chaetophorales is heterotnéhous consisting of two systems of
filaments: 1. prostrate system of basal, attached filaments and 2. erect or projecting system of richly’ -
-branched filaments arising from the basal system. The- development of both the systems is
proportional to one another In certain cases the prostrate systems may produce a
pseudoparenchymatous, discoid thallus. The cell structure is ulotrichalean, i.6., with a single nucleus
and a parietal, girdle shaped chloroplast with a pyrenoid. Hairs or hair-like branches or sheathed °

. cytoplasinic protuberanoes (setae) may be present. chroductlon is by both’ asexua.l and sexual

methods.

. . Lt . - . . . ) . ’ . .‘ [ _ i " . )
The ordcr is divided into 3 families, of which the family Coledcl:iaetaceac is studied in detail
here. . ' ' ‘

In the family Coleochaetaceae, thc cells bear basally shcathcd bristles or. setac All mcmbers
of the family are epiphytic, Coleochaete is the sole representatlvc of the family. .

The members of this genus occur abundantly in frcshwatcr ponds They are cplphyuc on the
leaves of Hydrilla, Vallisnaria and on the petioles and lamina of Nymphaea. Coieochaete nitellarum
Is found end0phyt1cally beneath the cuticle of some charophytes.

T 461, Morphology -, _ N

The thallus of some species such as ColeochMulvmata consnsts of two distinct parts, namcly ~.

1. prostrate, creeping system scrvmg for a cﬁ};cnt to the substratum and 2 pJ}OJcctmg or erect -
system composed of branched filaments. Suth type of plant body is a ]:ughly evolved one and. is
calléd heterotrichous (Fig, 4 7) There m@ferencc in the degree of development of both the systems.-

For example-in Coleochaete scutat prbstrate system alone is well represented and the mdmdual
filaments fuse together to form‘a “dtapact one layered disc (Fig.47). . : :

Flg 47 Thallx of dufferent specnes A C'oIeochaets pu!vmata. B. C dwe:gens
C. C scutzia. D. Zoosporc 1. Antheridium 2. Cogoaium. 3. Seta. 4. Spermocarp.,s Cell

’
™
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The cells are uninucleate and possess a large parietal, laminate chl_oroplast.with one or two
pyrenoids. Every cell bears a basally sheathed hair (or bristle). These hairs are delicate and break
off readily. So on older cells only the basal sheaths can be seen. Branchmg of the filaments is by -
lateral outgrawths or by dichotomous dmsmn of aplcal cells. In dlsco1d thalli growth takes placc by
a marginal meristem. .

) i
Check Your Progress - 4 ]
What is heterotrichous plant body 7

Note: (a) Write your answer in the space given below
(b) Compare your answer with the one given at the cnd of this unit, .

S T I A A R I I RSO EE R S IERL NG N S A

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

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

: 4,6.2. Reproduction _
- In Coleochaete reproduction fakes p y asexual and sexual methods, -
Asexual Reproductwrk -

Asc:mal reproduction is effected by the formation of large ovmd biflagellate zoospores, singly
in the ordinary cells. They escape through a round opening in the wall. The‘“zgospores have a single
lateral chloroplast and lack an eye-spot (Fig 4.7D) They germinate'directly.into fresh thalli. '

Sexual Reproduction _

Sexual reproduction is cogamous type. In Coleochaete pulvinata it is the most specaahzcd type
accompanied by a kind of "fruit" formation. In C. pulvinata the female reproductwe organs called
oogonia are formed on short lateral branches of the projecting system. The cogontum is flask shaped
with a swollen basal part containing the protoplast and an upper long neck called the trichogyne. At
maturity the basal protoplast develops into a single ovum and tip of the trichogyne breaks through
which some hyaline protoplasm extrudes. The male reproductive structures, the antheridia, are
borne in clusters at the ends of the branchies of the erect system. Each antheridium is a small
colourless cell and produces a single, oval or spherical biflagellate spermatozoid. The spermatozoids
are set free by the breaking of the apex of the ‘antheridium, The spermatozoids swim ifi the
surroundmg water and one spermatozoid enters through the trichogyne and fcrtlllus the egg therein

(Fig. 4.8).

A
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A ‘Fig, 4.8 Sexual reproduction in -Co_leoc aete. AB
_ antheridia. D. Spermatozoid. E. Oogoniunihafter fenilization. F. Formation of Spermocarp. .~

* G. Division of the Spermocarp. H. Zoo ormation. 1. Zoospore. 1. Ocgonium. 2. Antheridium.
3, Oogonial nuclei. 4. Spe:goid uclevs. 5. Zygote. 6. Investment forming filaments.

After fertilization the trieh becomes cut off by a séptum while the basal part g;:a&pajl): P
enlarges. At the same time the/oggonium become surrounded by vegetative filaments originating -

_from the underlying or other adjacent célls. The filaments unite to form'a pseudoparenchymatous
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o Fig 49 Graphie life-cycle of Coleochaele ~
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investent of red or reddish brown colour. A thick brown membrane develops around the oospore,
This structure is ca]led the spermocarp or the sporocarp and it undergoes a period of rest'(Fig, 4.9).

During the favourable season the spermocarp germinates. The contents divide into 2 and the
subsequent divisions give rise to 16 or 32 wedgeshaped cells. Ther the envelope ruptures and each™
cell gives rise to a zoospore. The zoospores swim for sometime, then settle down on a substratum
and develop into new Coleochaete plants (Fig. 4.9). .-

Coleochaete scutata is dioecions. The oogonia are formed from the margmal cells of the
discoid thallus. They have an inconspicuous trichogyne, represented by a short papilla. The
antheridia are developed in the mid-region of the thallus. The vegetative cell divides into 2 daughter
‘cells. One of the cells, known as the antheridial mother.cell, divides again and gives rise to the
antheridia. Each antheridium produces a colourless spermatozoid and is liberated by the breaking

of the antheridial wall. Fertilization takes place as in other species. In C. scutata the investment is

formed only on the side away from the substratum. Germination of the spermocarp 15 ]ust like the
other species described above. : .

4.63. Life-Cycle

In all the cases the reduction dmsmn takes place during thie first division olithe spermocarp.
So-the thallus of Coleochaete is haploid like so many other green algae. In the life-history of
Coleochaete there are two haploid generations - 1. the thallus bearing the reproductive organs and
2. thc spermocarp with 16 or 32 cefls. These two generations alternate with a diploid phase

represented by the zygote. This type of life-cycle is known as K@Wblonnc This,has been recently"

confirmed by microspectrophotometric analyses of the /DNA cle. The graphic life-cycle of
Coleochate is given in figure 4.9. . ;\w R

4.6.4. Conclusions Lo - ‘;‘?«
" - . 3 .
One can look for a clue to the origin o@ber plants from the members of Chaetophorales

because of the following characters: “ -

1. ‘Presence of heterotrichous habit, a h&vel_ved plant body. -

2. Elaboration and specialization of the projécﬁeg syste_m..

3. Terrestrial tendency in cert};:% genera. . *

4, Specialized type of oogam;r aeoompanied by spermocarp formation i Coleochaete.'

Probably the Chactophorales represent the surviving descendants of forms from which the
higher plants arose in the remote past. -

4.7. SUMMARY n \ -

L

The members of chlorophyceae are green in colour with chlorophylls a & b as dominaat

pigments. Celtular organisation is eukaryotic. Starch is the reserve food material. Cell wall is made
up of Celtnlose. Flagella when present are acronematic:and equal in length, Majority are haploid.

Colonies of Voivax are spherical andwisible to the naked eye. Each colony has 1000 to 50,000
cells, all arranged to the periphery. Vegetative cells have Chlamydomonas - like organisation.
Asexual reproduction is by daughter colony formauon from gomchal cell divisions. Sexual
qeptoductlonlsbyOOgamy ‘

R
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49. MODEL EXAMINATION‘QUES_TIONS ‘

. Thallus of Coleochaete is heterotrichous w:tha prostrate. and a projecting system. Spccms are - .
epiphytic. Asexual reproduction is by large biflagellate zoospores. Sexual reproductlon is by
oogamy, resulting in the formation of a fruit body called spermocarp.

4.8-. ~ CHECK YOUR PROGRESS : MODEL AN'SWZERS

1. The distinguishing characters of chlorophyceae are ; 1. Ghlorophyll a and b as plgmcnts, 2. Starch

as the reserve food matenal, 3. Cell wall made up of cellulose, 4. Twoto four equal flagella which
are acropematic. - .

_ 2. Each colony of Volvex consists of many (1000 to 50,000) small cells which are flagellated. Some

cells alsc occur without any flagella and these are reproductive in function. These cells are called
Gonidia. . . ) ) LN

3. The thallus of some plants consists of two distinct morphological systems Viz, 1. prostrate

creeping system for attachment to the substratum and 2. projecting or erect system with branched
filaments. Such a plant body is called hctcrotnchous e.g., Coleochaete.

[

. Answer the folloﬁng questions in about 30 lines edeb .
ce

) Write the distinguishing charathrs'.of ae and discribe the fime structure of

chioroplast in the group. , . . _
2. Give an account of the devclopmen& crmocarp and life cycle of Coleochaete. - y
. 3. Write briefly about the morph d rcproduct:on in Voivox .
JiR Answebthe following questions uﬁyut 10 Ilqes each.

1. Describe the process of % reproduction in Coleochaete.

2. What is heterotrichous habit ? Discuss this w1th reference to Coieochaete and’ mcnuon its.
significance.

3. ‘Write briefly about the asexual reproduction in Folvox.

4. Give a bricf account of the sexual reproduction in Volvorx, -

~
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' 51.° OBJECTIVES . . :: ' \>

. By the end of this unit you will bé able tb: S (./ , -
1. describe the morphology, growth, cell division, r't;?mduction and life cycle of Oedogonium, and
2. discribe the vegetative morphology, cell stpdéture) reproduction and life cycle of Chars.

52. INTRODUCTION <y

Oedogonium belongs to the class Chlorophyceae, order Ocdogoniales and family
Oedogoniaceae. The plants of the order Oedogoniales are unbranched or branched filaments. The
cells have reticulate chloroptasts containing numerous pyrenoids. Thereisa central big vacuole. Cell -
division is of unusual pattern and characteristic of the order. Asexual reproduction is by zoospore
formation and sextal reproductionis oogamous. Bothzoospores and spermatozoids have a subapical -
ring of flagella i.e., stephanokontan type. The unique character of this order is the production of
dwarf male plants. AT :

Chara belongs to the class chlorophyceae, order chatales and family characeae. The
characteristic features of charales are: 1. erect plant axis divisible into nodes and internodes, with &
whorl of taterals of limited growth at the nodes, 2. the complex or conipound reproductive organs
which are surfounded by a sterilc layer, 3. clongate, biflagellate and spirally coiled motile male
spermatozoid, 4. indirect germination of the zygote with-a protonemal stage from which the adult
plant develops. Charales includes only one family characeae. Chara and Nitella are the two most
"commeaq genera in this group. : -

B

w

53. -OEDOGONIUM

". Oedogoiium has hundreds of species which growin freshiwater ponds, tanks etc. The filaments
are attached to various substrata such as stones, wood and aquatic angiosperms. In the mature state
the filaments iay bredk here and there and float on the surface of water. _—



the septum. :

character of Oedogonium. -

53.1. Morphologjf

The filaments are unbranched and consist of a row of cylindrical cells. The filaments are

attached bya basal holdfast cell. The cell show basal, apical polarity, i.e., broad at the apex and narrow

towards the base. The cells are usually longer than broad. The cell wall consists-of 3 layers the

innermost composed of cellnlose, the middle pectin and the outer chitin. Inside the cedl wall the
protoplasm forms a lining layer enclosing a large vacuole: The cells are uninucleate. The nucleus is
prominent and lies in the parietal protoplasm. The chloroplast is large, parietal and reticulate with
a number of pyrenoids (Fig.5.1). ' : T

53.2." Growth and Cell division

The outstanding characferistic feature of Oedogonium is the pecilliar method of the growth

“of the cell wall (and cell division). Growth and cell division are mostly intercalary. These may be

recognized by the presence of cell division scars or rings near one end of the cell, The process of cell
division has been described in detail with the help of both light-and-electron microscopic studies.
Prior to the division of 2 cell, a transverse ring of thickening appears at the upper end just beneath

- -
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Fig. 5.1 Oedogonium. A. Fitament. B. Cefl. C. Akinetes. 2. Basal holdfast. 2. Cap cellé. 3. Supporting
cell. 4. Oogonium, 5. Antheridia. 5. Chloroplast. 7. Phyrenoid. 8 Cell wall. 9. Nucleus. 10. Akinetes.

The nuclear division is followed by the formation of a septum across the mid region of ti:cfcéli-.

This septum remains for sometime unconnected to the longitudinal walls. Then the outer layer splits _

in the vicinity of the ring -like thickening, The latter becomes stretched {or elongated) to form a new
cylindrical piece in between the cap and sheath of the old wall. Simultaneously the septum becomes
displaced upwards and takes up a permanent position at the level of the ruptured cf;;:‘l of the l(jnger
cell. The expanding ring forms the outer wall of the new cell at first, biii a second layer is deposited
beeween the expanded ring and the protoplast. Repeated divisions of this cell in similar fashion give
rise to a number of ring like caps near one end (Fig.5.2). The presence ofcap cells is an identification

]



Check Your Progress -1
* ‘What are cap cells?
Note: (a) Write your answer in the space given below.
(b) Compare your answer with the one given af the end of this unit.

...........................................
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53.3. Reproduction ‘ _ _
Reproduction takes place in threc ways: 1

3

. Vegetative, 2. Asexual and 3. Sexual.
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Fig. 5.2. Cell division in Oedogonium, A-F. Different stages in celt division.
1. Ring tike thickening. 2, Nucleus. 3, Septom 4. Stretched ring 5. Sheath. 6. Cap.

Vegetative Reproduction N '

+ (a) Fragmentation: Vegetative reproduction by accidental by E-\aldng‘ of the filaments here and there

is comnaon in the species growing in free floating masses.



(b) Akinete formation: Somé cells in a filamient become gwollen with their walls thickened. Their
protoplasts are rich in reserve starch and reddish orange oil. These thickwalled cells are called
akinetes which germinate directly into new filaments (Fig.5.1.).

Asexual Reprodncl:fon

Oedogvnfr;cm filaments reproduce prolifically by means of large, muitiflagellate zo;::spores

- formed singly in the ordinary cells, This takes place in cells containing abundant food teserves. Prior
. to zoospore formation the protoplast withdraws itself from the cell wall and becomes more or less

spherical. Then a clear colourless area appears on one side of the contracted protoplast, A ring of
blepharoplast granules appear along the margin of this colourless area, Fromi each granule aflagellum -
arises. The cell wall then splits across at the apical cap and the zoospore surrounded by a delicate
vesicle emerges through the aperture. Soon the vesicle disappears and the zoospore swims freely in
' the surrunding water. The zoospore is pear-shaped with the pointed end beirg colourless. There
is no cell wall and the numerous flagella form a crown. This type of zoospore is said to be
stephanokontan. The zoospore has a stigina and numerous contractile vacuoles (Fig.5.3).

- Fig. 5.3. Stages in Zoospore development and libesation in Oedogonium. -1. Protoplast. 2. Vesicle. 3. Zoospore,

After swimming for sometime the Z0Ospores come (o rest, attach to a substratum by their
colourless ends and shed their flegella. A wallis secreted around the zoospores. The free end grows
out, divides and develops into a new Oedogonium filament. o .

Check Your Progress - 2 N ,
What is stcphanokontgﬁl ? h ‘
Note: (a)" Write your answer in the space given belows

{(b)  Compare your answer with the one given at the end of this uni.

i\
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Sexual Reproductian - . o

Sexual reproduction is oogamous. The male and female reproductive bodies are antheridia
and oogonia, respectively. Some species are monoecious with both-oogonia and antheridia borne on
the same filament, while some are dioecious with oogonia and antheridia on different filaments. In
both the cases the male filamert is of normal size and such forms are termed/macrandrous. In
another group of species a peculiar dimorphism exists. The oogonia are produced in ordinary
filaments and the anthéridia in special dwarf males or nannandria. Each nannandrium consists of
1 or2 cells. Such species are dioecious and form the nannandrous group. ’

hSe:’mal Reproduction in Macrandrous Forms -

Development of antheridia: The antheridia are produced by an ordinary cell of the filament.
This cell is known as the antheridial mother cell. By repeated transverse divisions it givesrise to a
row of (2-40) rather flat cells called the antheridia, The contents of an antheridium usually divide
into two parts, each of which becomes a spermatozoid. The spermatozoids are multiflagellate and
pale-green or yellowish in colour. Except for the smaller size and fewer flagella the spermatozoids
arejust like the zoospores. Liberation of spermatozoids is alsojust like that of the zoospores (Fig.5.4).
Adequate carbon dioxide, low nitrogen content in the medium and the presence of light induce
gametogenesis. ~ '

T ".Fig54, Development of antheridia in Mactandrous forms. A. Formation. B.
Liberation. C. Spermatozoid. 1. Antheridium. 2. Vesicle. 3. Spermatozoid -

Development of Oogonia: The oogonium develops from an apical of intercalary cell. This cell
is known as the oogonial mothér cell which can be distinguished by dense protoplasmic contents.

Theoogomal mother cell divides by a transverse wall into an upper and 2 fower cell. The upper cell

37
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becoﬁ;cs the cogonium and the lower one is called the supporting cell which' may or may not divide

to give another oogonium. Sometimes the oogonia are produced in a series or in a chain. Each -

0ogonium is more or less spherical and larger in diameter. Its protoplast transforms into a single
ovum or ¢gg. The mature oogonium will have a pore or fissure in the wall. The nucleus, which is

centrally located, migrates to the periphery (near the pore), just before fertilization. Ova ready for

fertilization develop a receptive spot near the pore. In some cases a little mucilage may be extruded
through this (Fig.5.5). ' '

) - : -
Fig.3.5. Development orooa@and fertilization in Oedogonium.A. Mature oogonium. B. Fertilization.
C. Zygote.inside the oogonium. I. Pore. 2. Receptive spot. 3. Ovum. 4. Spermatozoid. 5. Zygote (Oospore).

Sexual Reproduétion-in Nannandrous Forms -

In these forms there is a dimorphism between the male and female filaments. The male ones
are few celled dwarfs and epiphytic on the female filaments. The female filaments are of the normal
size. The dwarf males develop from speciil Zoosporestalled the androspores. These are produced
singly in special cells called the androsporangia. When both oogonia and androsporangia are
developed on the same filament,-the condition is known as Gynandrosporous and if both are
developed on different filaments it is known as Idioandrosporous.

Development of Dwarf Males or Nannandria: By repéat'éd transverse divisions of a cell in a
filament (belonging to the Aannandrous group) a chain of small cells is formed. These cells are called

_ theandrosporangia and from each of which a special type of spore called the androspore is produced.

The androsporangia look like the antheridia of the macrandrous species but their behaviour and
function are different. Like spermatozoids, the androspores when first liberated are surrounded by

‘avesicle. Soon the vesicle disappears and the androspores swim freely in afl directions. In size, the
androspores are intermediate between a Zoospore and a spermatozoid but resemble the latter very

much. The androspores after swimming for sometime come to'rest and attach themselves to the
cogonia of a female filamenit ( belonging to the nannandrous group).- Sometimes they attach to the
supporting cell also. The androspores are surrounded by a wall and germinate in dwarf male

‘ﬁlam{antjs or nm{nandna Each nannandrium is a short structure.consisting of two or a few cells. The '



basal cell is vegetative and serves for attachment. The other cell, the antheridial cell or the
antheridium, gives rise to two spetmatozoids.” They escape by a lid like opeaing of the antheridium
and make their way into the cogonium (Fig.5.6). . :

‘Fig. 5.6. Sexual reproduction in Nanaandrous forms. A. Gyna rosporous filament, B,C. Dwarf
males or nannandria. D,E. Germination of Oospore,, 1. Androsporangia. 2. Oogonial mother

cell. 3. Dwarf male. 4. Swulk. 5. Anthesi -7 6. Spermatozoid. 7. Zoospores.
3 ' *

Ferlilization : ; w—

Fertilization in both macrandrous @?mnandrgus species is by the entry of the spermatozoid
through the pore or fissure in the cogonial Wall and reaching the ovum at the receptive spot. Soon
the male and female nuclei unite with each other and a zygote is formed. - The zygote becomes
retracted from the oogonial wall, secrete a wall of its own and transforms into an ocospore. The
oospores are 3 layeted and become reddish due to the accumulation of oil, The oospores pass
through a period of rest.

At the time of germination the inner layer of the oospore wall swells and bursts the hard outer
layers. The entire contents surrounded only by a delicate membrane become free from the oospore
wall and that of the oogonium. Then the contents divide infd 4 cells, each of which becomes a
zoospore or in some cases the cotitents give rise to 4 nonmotile aplanospores:_Ihc aplanospores
after some days liberate zoospores. The zoospores in all cases give rise touew filaments (Fig.5.6. )

Meiosis occurs in the germinating zygote. -So the Oedogonium filamens are haploid.
" < Imexceptional cases the oospore germinates directely-into a filament, but reduction division
takes place during the germination of zygote. R , o - .
Check Your Progress - 3 ' ’

What is the difference between gj;nanﬂrospo;pus and-idioandrosporous ?

Note: (a) White your anéwer in the space given below.
(b) Compare your answer with the one given at the end of this unit.
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534, Life—Cycle

The grap}uc life-cycles of rnacrandmus and nannandrous forms of Oedogommn are gwcn in
Fig.57A,B. . .. A
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'Fig. 5.7 G'_raphi%gmles of Macrandrous (A) and Nannandrous (13} forms.

Soine species of Oedogonitm have a regular development of parthenospores from unfertilized
ova. The ovum directly develops a thick wall like that of the oospore. Such parthcnosporcs germinate
directly into new filaments. . :

oo f

5.3.5. __Conclusions

Oedogonium shows some spgcial characteristics that are quite distinct from the rest of the
green algae. They are 1. the presence of cap cells, 2. the peculiar mode of cell wall growth and cell
division, 3. formation of a single, large, multifiagellate zoospore per cell, 4. the prcsence of dwarf
males.—l‘ nannandria, 5. multlﬂage]late spermatozoids and 6. complex female organs

All these characters have made Round (1963; 1971) to separate the Oedogoniales from the
Chlorophyceae and elevating it to the status of a class callcd the OcdogomOphyccae under the
division Chlorophyta

54, -CHARA-_

 The species of Chara are widely distributed in fresh water ponds tanks etc. They prefer
habitats with sand or muddy bottoms for anchoring by the rhizoids. Charg plants become encrusted
with calcium carbonate and are commonly called "stoneworts" and "brittleworts”,

-



54.1. Vegetative Morphology.

The plant body is macroscopic. It is erect in quite waters and 30 cm or moré in length. Ithas .

an erect, and branched axis which is differentiated into nodes and internodes. At the nodes there
are a number of laterals of limited growth (lateral branches) which are arranged in whorls. In the
axils of some of these oldest laterals of limited growth arise certain branches of unlimited growth.
Thesefbfanches are similar in structure to the main axis and are called the laterals of unlimited growth
(axillary shoots). The internode contain a single, very long, multinucleate cell which is covered by
corticating cells. The main axis, the laterals of unlimited growth and the laterals of limited growth
have differentiation into nodes and internodes. The former two bear a number of laterals of limited
growth in whorls at the nodes (¥ig.5.8).

Fig. 58. Chara. A: Habit. B. Division of apical cell. C. LS. of the axis tip. D-F. Development of cells in the node.
G,H. Cortim_l threads. 1.Primary axis. 2. Laterals of limited growth. 3, Lateral of unlimitedgrowth (lateral shoc;:).A. Node,
5. Apical cell. 6. Biconcave (nodat) cefl. 7. Biconvex (internodat). 8. Internode. 9, Central cells. 10. Pericentral cell.
-11. Apical oe!I of the lateral of fimited growth. 12. Cortical cell. 13,14, Nodal and internodal ctlls of a cortical thread.

The plants are attached fo the substratum by multicellular branched rﬁizoid_s. They arise from
the peripheral cells of the lower nodes of the main‘axis. The rhizoids have oblique septa but no

differentiatiou into nodes and internodes. The rhizoids_ have the apical growth and may proliferate

to give rise to additional adult shoots.

. Thegrowth of the main axis is'by the division of a single, dome shaped apical cell. The apical
cell cuts off a single series of segments towatds the base.” Each segment divides into a biconcave
upper and a biconvex lower half. The upper one gives rise to a node and the lower to an internode.
This filamentous constraction soon acquires the mature differentiation by considerable elongation
of internodal cells without further division. Simultaneously the nodal cell divides lengthwise into 2
cells and this is followed by the appearance of a number of (2,3,4) curved septa which results in the
cutting off of a peripheral series of 6-20 cells from the 2 central ones. The peripheral cells protrude
and develop into the laterals of limited growth (Fig.5.8).

W
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The laterals exhibit the same pattern of segmentation like the main axes but sooner or later
their apical cell ceases to divide. The first segment cut off from the apical cell of a lateral becomes
the nodal cell which divides in the above manner to form the basal node. It is from the basal node
that branches of unlimited growth arise. They arise singly from the oldest lateral of the whorl. These
branches develop by the protrusion of a peripheral cell of the basal node of the lateral of limited
growth towards the apex of the main axis. Such laterals of unlimited growth occupy a pseudoaxillary

- position. If the apical cell of the main axis is damaged, growth is continued by the apical cell of the -

uppermost Iateral of unlimited growth which finally takes up a positionin continvity of the main axis.

The basal nodes of the leterals of limited growth also glve rise to cortication around the
internodal cells. This develops from certain cells of each basal node one upwardly and one
downwardly growing threads. The cortical threads have apical growth and segmentation into nodes
and internodes. They remain closely apposed to the internodal cells (Fig,5.10), ‘The basal aodes of
the laterals of limited growth also produce unicellular outgrowths, which are sometimes spinous.

'54.2. Cell S_tructure- ‘ -

+ In the nodal cells the cytoplasm is dense with a nucleus in the centre and a number of small
discoid chloroplasts without pyrenoids are distributed throughout the cytoplasm. In the internodal
cells a large central vacuole is present and the chloroplasts are arranged in longitudinal series in the

_ peripheral cytoplasm. The nucleus is also located in the lining ]ayer of -cytoplasm but divides

amltotlcally into a large number of nuclei. - . . .

The cytoplasm i in the internodal /ccﬂs can beNdivisible into two areas, a stationary exoplasm
and constantly rotating endoplasm. The endop! flows down on one side and up on the other
side of the cell. Asthe chloroplasts are in theiszgg they do not circulate, -

Ly
5.4.3. Reproduction {”‘ ‘
Fragments of plant body are Qﬁe of producing rhizoids and adveatitious shoots from their

.nodes. The rhizoids themselvés ban spread and give rise fo erect, adult shoots. Apart from theso

the other method of reproducti an elaborate pogamous sexual pProcess. .
O

Charg may be monoecious or dioecious, Tho sex organs of Chara are unique in the plant
kingdom. They develop from the nodes of the laterals of limited growth, In monoecious forms,
oogonia and antheridia are closely associated with oogonium terminally and the am‘hcnclmmlatcraly
Both arise from certain peripheral cells of the nodes (Flg.S 10 A).

i

Morphelogy of Globule and Nucule'

The antheridium is globose and is termed a globule. It is green when young but becomes
orange red due to excess secondary carotenoids in the wall (cells, the shield cells). The shield cells
are incompletely companmentahzed. The antheridium is supported by a pedicel. It-bears 8 cells
represcntmg the primary captitulum which is connected to the shield layer by elorigate cells called
the manubrium. The primary capitular cells cut off secondary (or even tertiary) capitular cells, from
cach of whick develops a spermatogenous or antheridial filament. Each spermatogenous thread
consists of 100 - 200 cells and each cell produces a biflagellate spermatozoid.. At maturity the 8 shield
cells separate in varying degrees and expose the spermatogenous filaments to water, so that the

- spermatozoids can escape.. Each spermatozoid is an elongate, sp:ra]ly coiled structure with the two

flagefla inserted subaplcally (Fig. 5.9).

" The oogonium is oval, surrounded by an envelope of spirally arranged bnght green threads
and is termed a nucule At the apex of the oogonium the thrcads cut off cells which form a corona
of5a'ownoclis(F1g.59) :

e



Fig.'59. Sex organs in Chara. A De\jelt)ping sex organs. B-F. Developfnenl of globule.
G. Spermatozoid. 1. Developing globule.” 2. Developing ‘nucule, \3. Pedicel. 4. Shield cells.
$.Manubrial cells. 6. Primary capitular cells. 7. Secondary capitularnﬁll’s;/ Spermatogenous filament.
N . /);\ )

I &'
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Ontogeny o Development of the Nircule

Both oogonja and antheridia are formed by.the I{%ﬁ‘sions of a peripheral cell of the node and
one of the daughter cells produced, functions a@?_&aﬁtial. ' -

In the development, of nucule, the if ia ivides to form a row of three cells; the lowest serves
as the pedicel or stalk. The top cell is the oogOnial mother cell which divides into a lower stalk cell
and the upper cogonium. The middle cell divides vertically into a central cell and 5 peripheral cells
called the sheath cells. The sheath'cells elongate and become spirally coiled around the cogonium.
These cells cut off small cells at their apices which constitute the corona. The lower long cells are
called the tube celis. In the mature oogonivm the apex of the ovum remains clear and constitute the
receptive spot. In Chara, at an early stage one single cellis cut off at the base of the young oogonium.
Prior to fertilization the tube cells split away from the corona and slits are formed (Fig. 5.10).
Development of the globule -

In the development of the globule, the initial divides into a basal pedicet and an upper cell.

The upper cell divides by one transverse and two longitudinal (one at right angles to the other)
divisions into an octant (8-cells). Each of these divides periclinally to produce 3 layers of cells (each
layer containing 8 cells) which are arranged concentrically, Afterwards no further divisions occur.
but there will be differential elongation of the various layers. The outer shicld cells (layer) expand
in a lateral direction so that the inner cells become separate from each other resulting in cavitics.
The cells of the middle layer (constitufing thie manubrium) elongate radially to bridge the cavities.
The central layer of cells, called the primary capitulum, divide into secondary and tertiary capitular
cells from which the spermatogenous filanients arise. Each cell of these filaments acts as an
antheridium (Fig. 5.9). :

c
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Fig.5.10. Chara, A. Sex organs, B-F, Dcvelopmq‘m of nucule.-1. Nucule, 2. Globule. 3. Qogonial mother celt.. -
4, Middle cell (Stalk cell). 5. Tube cell. 6. Pedicel. 7. Coronal cells. 8, Stalk cell. 9. Oogonium. 10, Tube cell.

1If the ontogeny of both antheridia and oogonia is closely followed it can be interpreted that-
they represent the metamorphosed laterals of limited growth. For example, the three layers in the
octant of male structure can assumed to be equivalent to the upper node (thic primary capitulum),
‘the internode (the manubrium) and the lowernode (thesshicld layer) The spermatogenous filaments
- represent the undifferentiated laterals arising fi he upper node. Similarly the three cells formed
in the beginning of the oogonivm develo mentrepresent modified internode (basal cell), node
(middle cell) and internode (upper cell)_.%h the basis of this interpretation the antheridia and |
oogonia are actually unicellulai and<ﬁ<E ) sur ounding sterile tissue is a modified vegetalive Lissic,

Check Your Progress - 4 Q o o St

What is meant by Corona ? S B

. vt . . * . . . ) . ) . ,
" Note: (a} Write your answer in the space given below. B .

{b) Lompareyour answer with the one given at the end of thisunit. o
‘J.<< “"‘;’ .............
R R B O S S PI
......................... e e
" Fertilization. - - ' - St T

 The spermatozoids entér the opgonium through slits in the spiral tuhe cells, and fertilize the
ovum. The fertilized egg is filled with reseive food materials. After fertilizauon the inner walls of
‘the tubular sheath cells thicken differentially. The wall of the zygote also, thicken and becomes dark
brown or black. Now it is an cospore and lies in dermancy for sometime. - S .

-
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At the time of germination of the zygote the nucleus migrates towards the coronal end where
it divides into 4. This suggests that the division is meiotic although there is no direct evidence. Then
a small distal uninucleate cell is cut off from the major part of the.oospore. The other 3 nuclei
degencrate. The small cell divides vertically into 2, one develops into a colourless rhizoid and the
other into a small filamentous primary protonema. The protonema is differentiated into nodes and

internodes. One of the appendages borne on the second node of the protonema develops into an

adult sheot (Fig. 5.11).

Fig. 5.11. Gerniination of Zygote in CharaQE Germination stages. F. Development of Chara plam from
protonema, 1. Haploid nuclei. 2. Small (fentic 1) Cell. 3. Large cell. 4. Protonemal cell. 5. Rhizoidal cell. -
6. Primary protongma. 7. Primary rhizoid. 8. Secondary rhizoid. 9. Primary axis. 10. Secondary protonema.

544, Life'cycle

The different stages in the Life cycle of Chara are given in Fig. 5.12.
: CHARA .

-

SPERMATOZOIDS

/ vt o= €66

FERTILIZATION
\ Fig. 5.12. Graphic Life-cycie of Chara. - R .
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54.5. Conclusions ~ . = . . Lk

The members of charophyceae which were earlier included in chiorophyceaé diﬂ.ﬁ;ﬁ from all ~

the green algae in the following respecis.

1. The plantbody is differentiated into riodes and internodes with the laterals-of limited growth in
- whorls at the nodes. T . T e o

~2, Lybopene and +y-carotene are the two carotenes (which are characteristic of photoé.ynthctif:
bacteria) found in this class. . ' Coe IR

T y -

3. The reproductive bodies, the nucule and the g]obulc, are compound, ;ﬁoinpl'é;%;structures.

4. The motile male gamete;-the spermatozoid is ‘unchlorophycean’ type Itls clongate, spirally
coiled with the 2 flagella subapically inserted. The ultrastructure of the sperm showed the
-presence of scales on the body as well as on the flagella, 7 -

5. In the genmination of zygote a protonema is formed from which the adult shﬁ;;-t develops.

By considéring all these, many have separated this group of algae from the Chlorophyceae
and gave, the status of a division - Charophyta. Grambast (1974) has reviewed the fossil history of
this group and concluded that the Charophytes occupy an isolated position between algae and
bryophytes. . - . o

5.5. SUMMARY | ' .. \>

Filaments of ‘Oedogonium are unbran@ with Cap Cells in between. Chloroplasts are

+ reticulate with numerous pyrenoids. ::}:gml reproduction is by-means of large, muitiflagellate

Zoospores. Sexual reproduction is ous. Two kinds of species are recognised : 1. macran-
drous; and 2. nannandrous. Sperm ds are multiflagellate. '

. The thallus of Chara is é{@usmpib and elaborate. The main axis is divisible into nodes and
internodes and bears lateral bran hes in whorls near the nodes. Laterals of unlimited growth (axillary
shoots) dre also present. The body is attached to the substratum by multicellular, branched rhizoids

arising from the-nodes of the basal region. Growth is apical and takes place by.a single dome shaped
apical cell, ' ' "

Sexual reproduction is Oogaﬁloug with globulé (antheridinin) and nucile (Oogonium) being
the sex organs. The zygote on germination gives.rise to protonema which later gives rise to an adult”
plant. - . ' T '

i oal W st Tt T
I U R S R TR

5.6 CHECK YOUR PROGRESS : MODEL ANSWERS |

1. Duringcell division in éedgonium aring li.kc_.rupt_ufed portion appear near one end of the dividing
* cell and this is called cap. Repeated divisions of this cell may result in a number of scars or caps
at that end. The cells with these caps are called cap cells. I

2. The zoospore of Oedogg;hiurrg bears a crown of flagella around the base of the Colourless pointed
end, Such zoospores with a crown of flagella are described as stephanokontan.

3._ The spermatozoids in nannlacirou_s"forfhs of Oedogoniuni are libcratt_ad from dwarf male filaments
or nannandria. These dwarf male filaments are deviloped from special zoospores called
androspores which are liberated from aqdyoqurangi;a.__ If the androsporangia and odgonia are



. developed on the same filament, the condition is called Gynandrosporous. If they develop on
different filaments, the condition is called Idioandrosporous. .

" 4, The oval shaped Oogonium of Chara is surrounded by an envelope of 5 spirally arranged bright
.green thread-like cells. These thread like cells at the apex cut of 5 crown cells and this is called
COrona. .

5.7. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each.

- 1, Describe the sexual reproduction in nannandrous Oedogonium.
2.” Give an account of the structure and development of plant body in Chara.

+ 3. Describe the morphotogy and dévelopment of globule in Chara.

- 4. Describe the morphology and development of nucule in Chara.

-

. I Answer the following questions in about 10 lir‘lmﬁ each.

1. Give a detailed acoount of growth and cell division in Oedogoniun.

2. Compare the structure of Zoospore in Oedogomum with those of others given in algac. How

‘ is it formied in the cells ?
3. Draw well labelled sketches of sex organs in Chara. o

4. Write briefly about the fertilisation and developme zygote-in Chara.

\g
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UNIT — 6: GENERAL ACCOUNT OF

BACILLARIOPHYCEAE )
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6.1. OBJECTIVES O~ .

3
By the end of this unit you will be abl¢to”

Kst out the places of occurr of diatoms, _ :

describe the structure of the frustule and the mechanism of ﬁlé\feni_cnt,

describe the vegetative reproduction by cell division, . ) b
describe the sexual reproduction by auxospore formation in perinate diatoms and by -oogamyin

rlop e

oo, K
centric didtoms,

classify the diatoms depending upon zt}i?ir structure,and
6. recognise the econotiic importance of 'diatoms. '

-i)i—

6.2. INTRODUCTION

The members of Bacillariophyceae are commonly known as the didtoms. They can be
recognised by four niain features: ,
1. The cell is made up of two halves and their walls are silicified with characteristic mari{iﬁg&
2. The Pigments include chlorophylls ‘a’ and ‘¢, B-carotene and fiacoxanthin. )

3. The reserve food materials are in tlie form of chrysolaminarin and fats,
4. The motile stages have a single pantonematic flagellum,

6.3. OCCURRENCE

The diatoms are ubiquitoits in distribution. They are fotind i aquatic (fresh, brackish and
fh&rint_:l Waters), terrestrial ‘6r subagrial habitats. The centric diatoms constitute the planktons ih the
seas and peiinales are fresh water forms. ' - -



6.4. GENERAL FEATURES

Diatoms are mainly uniceflular and some may occur as pseudofilamentous and colonial
aggregates. The diatom cell is commonly called as a frustule. It is composed of two halves. It is
uninucleate. The chloroplasts may be numerous, discoid or stellate or 1 or 2 plate like, axile or
peripheral structures or a single, lobed, H-shaped structure. The colour of the chloroplasts is golden
brown or dark brown or sometimes yellowish green. ‘The Photosynthetic pigments are chlorophyils
‘> and ‘¢, the dominanf yellow B-carotene, and the brown fucoxanthin. Diatoxanthin and
diadinoxanthin are also present in small proportions. Pyrenoids are present only in some species.
The reserve food materials are stored in the form of chrysolaminarin. Besides this, oil droplets are
also present. Motile stages are found in the sexual reproduction of one group of diatoms, the
centrales. In this the male gametes (sperms) possess a single, anterior, pantonematic flagellum. This
flagellum is unnsual as it has only 9 pairs-of tubules and no central pair.

The vegetative phase of diatoms is diploid and meiosis occurs at the time of gametogenesis .

The classification of diatoms is based _upon the structure and ornamentation of thc cell wall and
symmetry of the frustules.

6‘53 FRUSTULE STRUCTURE

The study of diatom wall structure with scanning electron mlcroscopc (SEM) has enhanced
the more detailed aspects of frustules. Recently proposed terminology is followed in this book.

The frustule is composed of two overlapping halves fitting glosely. The distal surfaces of the
two halves are called the valves. Of the 2 valves, one is larger knoc\{x as the epivalve and the other
smaller called the hypovalve. In between the valves is the girdle wath two ovcrlapping portions, the
epicingulum and the hypocingulum. The epivalve and éﬁ?ﬁ)gulum constitute the eplthecq and
hypovalve and hypocingulum comprise the hypothcca #wo cingula or the cormectmg bands

constitute the girdle. So the diatom frustule can be’ O@ved in two positions: 1. the valve view and '

2. the girdle view (Fig. 6.1).

-

Fig. 6.1. Diatom frustules. A. Centric diatom. B,C. Pennate diatom. B. Valve view.
C. Girdle view. D, T.S. of frustute. 1. Raphe. 2. Central nodule. 3. Polar nodule. 4. Striae.
5. Epivaive 6. Epicingulum. 7. Hypo-cingulum. 8. Hypovalve. 9. V- shaped cleft.

49



On the valve surfaces several types of markmgs can be seen. Theyare punclac areolae, costac
etc. Punctae are cither irregular or regularly arranged in the form of lines called the strize. Arcolac
correspond to pores or chambers within the valve wall. Costae are elongate thickenings of the valve -

and serve as strengthening ribs (Fig. 6. 2) Valves are either one layeréd or two laycred and loculate,

I N\

Fig. 6.2. Diatoms showing arcolde and costae. A, Arcolac B. Costae. 1. Areolue. 2 Costac.

Bacillariophyceae into 2 orders: 1.the Centrales and2. the Pennales. In Centrales they arg arranged

radially and in Pennales laterally. The Centrales.usu y contain numerous discoid chlorophlasts

7 N\

The general arrangemént and -.ymmury of these m $§ arc important for the division of the

Fig. 6.3. Fine structure (diagrammatic) of chloroplast in a diatom. 1. Chloroplast endoplasmic reticulum. 2. Chloroplas:.

envelope. 3. Stroma. 4. 3-thylakoid band. 5. Pyrenoid. 6. Nucleus. 7. Nuclear membrane. 8. Girdle lamellae.

!
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"The Pennales have a large plate-like chloroplast, sometimes lobed. Thc electron microscopic
structure of the chloroplast reveals that it has a matrix traversed by a numbcr of bands and each band
has 4 -6 thylako:ds (Fig. 6.3). , ‘ .

Mltochondria, oil droplets, pyrenoids and golgi bodies have also been observed in diatom
cells. The most striking feature of diatom frustules is the presence of silicified walls. The walls
contain hydrated silica which représents about 50% of dry weight of the cells. The silicified wall also
contains an orgamc oomponcut called ‘pectin’. The mechanism of silica deposition is not known but
the process is energy requiring and it is controlled by cytoplasm. The process appears to be rapid
and completed within 10-20 minutes of the dms:on of the protoplast.

ln some dlatoms the valves have an opemng or ﬁssurc(along the aplcal axis, Thisis callcd the

“raphe. The raphe may be present on both ‘the valves of the frustule or on one of the valves in certain

diatoms. The raphe is mtcrruptcd in the central region by the central nodule. At the two opposite
ends of the raphe lie the polar podules whlch are the thickenings of the wall (Fig. 6.1).

The raphc in the Pennales is associated with the power of movement of the frustule. A~
transverse section of the valve shows that the raphe is a V-shaped cleft opening » towards outside and
inside. So the valves between the polar and central nodules is divided into two halves by a narrow
slit (Fig. 6.1). At the central nodule the external and internal fissures of the raphe are connected by
aloop-like canal. Within the central nodule the two loops are connected by a horizontal [urrow which
is in communication with the protoplasm The outer fissure of the raphe terminates as the terminal
fissure in the polar nodule.. The inner-fissure enlarges into fu el shaped structure in the polar

.nodule (Fig, 6.4). The protoplasm in the raphe flows inone dire . At this time the frustule moves
in opposite direction (Fig. 6.4). That is how the diatgms. ¥ uth a raphe are capable of a ghding
movement. The electron microscopic observation h reve: d the presence of a system of tibrils (in
the region of the raphe) and crystalloid bodies. The % St locomotion is dependant on the adhesion
of cells to a substratum. The adhesion is brm@a‘b t by the material secreted through the raphe
system. Some mucous material is generated fromthe crystalloid bodies which facilitates locomotion.

Fg. 6.4. Peanate diatom with raphe structire and movement of the frustule. A-C. R.aphc structure.
D). Fiow of protoplasm in the raphe and movement of the frustule. 1. Outer fissure. 2. Loop like
canal. 3. Inmer fissure. 4. Horizontal Furrow/canal. S. Flow of protoplasm in the raphe.
6, Direction of frustule movement. 7. Enlarged end of inner fissure. 8. Tenmna! fissure.

Thc ge.neral shape of the frustule is variable and about 6 types canbe rccegmzed 1. flat discoid
(as seen in many Centrales), 2. needle shape, 3. iong, sometimes coiled ﬁlaments, 4. with elongated
bristles or horns on the edges of the valves, 5. stellate colonies and 6.frequent production of extensive
mucilaginous envelopes. ' _ _ o . \ '

K
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.CheEkYourProgress 1&2° ‘ ' .

1. What are the differences between punctae, arcolae and costac ?
2. What is raphe  Describe its use. -
Note: () Write the answer in the space given below.

(b) Compare your answer with the one given at the end of this unit.

..........................................................................................
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6.6. R]E‘,PRODUC'I‘IO?L}«-\(Mr

A4 i

The ordinary method of reproduction is vegetative cell division, The other method is sexual. .

6.6.1. Vegetative Cell Division ':

Vegetativ.e celt division occurs usually at night. The plane of division is always at right angles
to the longitudinal axis,i’e., parallel to valve surface. At first the cell increases in size'and two valves
separate slightly. The nucleus undergoes mitotic division. This is followed by the fission of the

protoplast in a plane paratled to the valve faces. New siliceous valves are deposited on the two fresh -

protoplasmic surfaces and these newly formed valves become the hypotheca of each daughter cell.

The two valves of | the parent scrve as epitheca and this results in one of the two daughter cells being
§hghtly smaller than the parent (Fig. 6.5). Thus in a diatom population a progressive decréase in cell
size occurs with continued division. But some species do not show this progressive decrease and
manage to maintain a constant size althrough. Such species are weakly silicified and have plasticity

_of the cell wall. Interestingly certain forms maintain a constanf-size under favourable growth

conditions and.undergo decrease in size in unfavourable conditions, Still in a few cases the whole
protoplast is extended from the small size frustulés, enlarges to a maximum size and regeneratesinto
anew fnistule “This phénomenbn can occut both in nature and-in culture.

6.6.2. Sexual Reprodu ction and Auxospore Formatlon

The conunucd decrcasc in. ccll size is. prevented by the formation of auXospores. Auxospores
are large structures which are the products of sexual fusion. They are not rcstmg stages but i increase



in volume immediately after the fusion of the gametes. Sexuality in’ diatoms seems to be ‘closely -
associated with cell size. Sexual teproduction is cogamous in the Centrales and isogamous in the:
Pennales. - ' B

The diatom cells are diploid and gametes are formed directly following meiosis. So the
gametes are haploid. In the Pennales cells aggregate in pairs. This is followed by gametogenesis.
Out of the 4 nuclei formed, only 1 or 2 develop into gametes. The gametes are amoeboid and
morphologically alike. The gametes of 2 opposite copulating cells move towards each other and fuse._
This type of fusion is isogamous. Some species exhibit physiological anisogamy, i.e., the two mating.
gametes, are morphologically alike but differ in their behaviour. One of thé gametes remains
stationary and the other gamete is motile. ’

Fig. 6.5. Cell divison. I. A-D. Cell division in a pennase diatom. 1. Gradual
diminution in cell size during cel} division. . Epitheca, h. Hypotheca,

In some diatoms copulation {or éonjugation) tubes are produced between the conjugating
cells. In Pennate diatoms different patterns of reproduction ¢an be noticed.

1. Each copulating cell produces a single gamete fesulting in a single ablxospore (Fig. 6.6).
2. Each cell produces 2 gan;letes: and so two auxbspores are formed (Fig. 6.7).

3. Each cell produces2 g:mc_tes‘which are dissimilar and two éu;bsi;brcs are formed by anisogamy
(Fig. 68). o : .

4. Two ﬂéplo'id nuclei from'a single cell fuse to form the auxospore, i.e.hautogamous reproduction
(ang 6.9.,6.10). o - e

~
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Auxospores may arise parthenogenetically by a process of apogamy. In this there is no reduction
division of nucleus in the parent cell (Fig. 6.11). - '

* Fig. 6.6. Single gamete from a oopulatind formation of auwxospore. A,C. Cé_lls"
. unde;rgoin'g_meiosis; D, Fusion-of gametes.\B,F/ Zygote formation. G. Auyosore formation,
- T .

“Fig. 6.7. Two gametes from one celi and formation of two auxcspores. A,B. Formation
.. of 2 auxospores. C-1. Formation of 2 auxcspores by physiological anisogamy. 1. Stationary
- gamete. 2, Amoeboid gamete. 3. Zygote. ‘4. Auxospore. 5. Mucilage envelope. .

, -
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Fig. 6.8. Formation of 2 auxoépores by anisogainy. 1, 2: Anisogametes. 3. Zygotes. 4, Auxospores

'’y

E .

e
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Fig. 6.10. Auxospore formation by autogamy ina centric diatom. A-C. Reduction division.
D. Pusion of 2 fertile nuclei {other 2 degenerate). E. Zygote developing into auxospore.
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6 11 Auxospore format:on by apogamy. 1 Degeneratmg\mslei., 2 'Auxqspores. 3. Empty theca.
3
6.6.3. Sexual Reproductmn m Cent&

" Sexual reprocluctlon is oogamous. In ric diatoms, oogonia are formed from slightly
extended cells. Each oogomum has fertlle nucleus and the other 3 nuclei degeuerate
(Fig.6.12). . \

) The diploid nucleus of cell undergoes meiosis and produce 4 haploid nuclei. Thisis
followed by the cieaVage of rotOplast around the four haploid nuclei, Each uninucleate’
pr])taplast acquires a flagellum and Swims as a colourless spermatozoid (Fig. 6.12). Sometimes the

- diatom mother cell releases alarge number of sperms ot spermatozoids. The total number may'even

g0 upto 128, Formerly these sperms \{.Vere consmlered as aséxual spores and Galled as mi¢rospores.
The first élmsmn is meiotic and S0 thc microspores are haploid (Flg 6.13). .

Inboth pennate and centric dlatoms a zygote is formed aftér fertlhzatlon The zygote begms ’

““to grow mmechately after fusion and develops into an auxospore. The auxospore nucleus undergoes .

two mitbtic divisions but only one daughter nucleus survives. This glves rise’to a new cell whch has
the largest dimensions of the- parncular specnes T -

The auxospore eonsmts of a membrane called ‘penzomum The term penzomum was
redefined by Von Stesch (1962). According to him the auxospore membrane is the cutermost
boundary of the zygote, whereas the perizonium is.an inner silicified membrane within which the
initial cell is formed. In the majonty of centric dlatoms only one. membrane (silicifs jd) is present

-which is referred toas a permomum o : - ' -

ks

[n the life cycle of dlatoms the vegetatlve cellsare chplo:d The gametes represent the haplmd
phase ducto reductnon division during gametogenesis, The zygote/auxospore on germination gives
rise to'a diploid vegetatwe cell. Hence the life cycle in diatoms js diplontic. ~ *
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. 1
Flg. 6.13. f)évelopmcm of microspores. A Diatom frustuic. N
'B-E. Division of protoplast, . Formation of microspores. G.Microspore:
Check Your Progress -3 o ' ' g
What is meant by an auxospore ? When is it formed ?
Note: (2} Write the answer. in the space _givén below. )
(b) Compare your answer with the one given at the end of this unit.
e e e e
’ {



| 6_.7. CLASSIFICATION OF DIATOMS

D1atoms belong to the class Bacillariophyceae under the Division: Bacnllanophyta, The class.

is divided into 2 orders : Ccntralcs and Pennales. -

6.7.1. Centrales '

The members are circular or-discoid in shape, radially symmetrical, and striae are radially
arranged. There is no raphe and they do not show any movement. They are very common as
planktons in marine habitats. Sexual reproduction is 00gAaImous,

6.7.2. Pennales.

These are bilaterally symmetrical w1th the stria€ in two rows. A raphe is present and exhibits -

a gliding movement. These are usually fresh water forms. Sexual reproduction is isogamous.

The classification of Pennales is based on the raphc The order is divided into the following
sub-orders: \
L Araphidmeae Valves without true raphe
2. Raphldlmdineae Raphe rudlmentdry, present at the cnds of the vajves

3 Monorapludmeae Raphe is present only on one valve and@hcr valve ha:, pseudoraphe (i,
hyaline field). -

4, Biraphidineae : Raphe is present on both valves. 0

A '
. These are furthcr subdivided on the basis of tlgs\ymmetry of the frustules.
: /m -

. 6.8. ECONOMIC IMPORTA]\@Z)

The diatoms serve as a source of food for aquatic animals including ﬁSh Plankton diatoms

(specially Nitzschia) are rich in vitamin ‘A’. They are considered as a source of oil (pctroleum) The -

diatomaceous earth is very important and useful in various ways. All this has been.elaborated in
umit-9 which deals with the economic importance of algae.

6.9. PHYLOGENY

Pascher suggested the inclusion of three glasscs', Bacillariophyceae, Chrysophyceae and
Xanthophyceae, in the phylum Chrysophyta because of similarities in pigmentation, nature of reserve

food materials and cell wall composition. In the absence of clear connecting forms, it is difficult to .

~ evaluate the rclatlonshlp between these groups.

Among the diatoms, the centrales are considered tobe pnmmve and the pennales are deriv ed
from them. The fossil evidence supports this view. Centric forms have bgen reporied from the
Jurassic pcnod and pcmlate forms in the carly Tertiary.

~

6.10. SUMMARY B

The members of Bacﬂlanophyceae are commonly known as diatoms. Dnatom cell or frustule
has two halvcs called epitheca and hypotheca Thc cell wall is highly silicified. Chlorophylls a and
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L * Answer the following questions in about 30 I'::essa}.

c & B, #carotene and fucoxanthm are the photosynthetic plgmcnts Chrysolammarm is the storage -
food miaterial. Pennales possess the raphe. Frustules are either radially or b1lal:erally symmetrical.
Frustules reproduce by vegetative cell division. Sexual reproduction is by auxosporc formatlon and
also oogamous Diatoms are economicaily useful in several ways.

6.11. CHECK YOUR PROGRESS : MODEL ANSWERS

!

1. Several types of markings are scen on the surfaces of the valves of the Diatoms. These are called
punctae, areolae and costae, Punctae are regularly or irregularly arranged lines where as the
aerolae are the pores or thambers within the valve wall. The elongate thlckenmgs of the valve
which serve as strengthing ribs are called costae.

2. A transverse section of the valve shows a V-shaped cleft which open towards outside and inside.
This is called raphe. This is associated with the power of movement of the firstulein pennales.

3. The contfr{luous vegetative cell division in diatoms results in the decrease in cell size. This
decrease in cell size is prevented by the occurrence of sexual reproduction. The product of sexual
fusion is called auxospore. Sexual reproduction in centrales is oogamous-and isogamous in

. pennales.

6.12. MODEL EXAMINATION QUESTIONS

.

1. Write a detailed structure of dlatom furs

2. What is an auxospore ? Explain thegﬁous ways.of auxospore formatlon in dlatoms _
I1. Answer the following questions t 10 lines each, '

Describe in detail the stfuetire and function of raphe in diatoms. -
Describe the process of sexual reproduction in centrales.
Write briefly about the differences between centralcs/and pcnnales.

O L

Write about the economic importance of diatoms.

Lh

Write about the gcncral features of diatoms.
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7.1. OBJECTIVES

By the end of this unit yon will able to :

1. list out the main features of phacophyceae, \>
2. describe the general featires of and reproduction i ophyceae,
3. déscribe the vegetative structure, both externat and i al, of Sargassum,

4, describe both vegetative and sexial reproductio‘i]?{fargussum,

" 5. draw a graphic life-cycle of Sargassum. O

7.2. INTRODUCTION -~ ()

Sargassun belongs to the Division Phacophyta, Class Phaeophyceae, Order Fucales and the
Family Sargassaceae. The members of phaeophyta are also calied brown algae. The brown algae
are distributed exclusively in marine habitats and are predominant in the littoral zone of the sea. The
members range from microscopic epiphytes to the largest plants.

7.3. GENERAL FEATURES OF PHAEOPHYCEAE -

The members of phacophyceae or brown algae can be recognized by 4 main features:

1. The pigments cousist of chlorophylls a” and ‘¢’ together with the characteristic xanthophylls like
violaxanthin and fucoxanthin,

2. The reserve food materials are stored in the form of laminarin and mannitol.

3. The cell wall constituents are alginic acid and fucinic agid.

L

4. The motile stages have 2 flagella, laterally placed, 1 acronematic and 1 pantonematic. The plant
body in phaeophyceae is highly variable, It is branched, filamentous, multiaxial, pseudo-
parenchymatous or parenchymatous or thalli are massively constructed with differentiation into
tissues (Orders: Laminariales and Fucales). Growth is diffuse, trichothallic or apical. Meris-
toderm, a layer of superficial meristematic cells is characteristic of Laminariales and Fucales.
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Chloroplasts may be one, a few or many per cell and may be discoid, plate like etc. The
photosynthetic Jamellae consists of groups of 3 thylakoids. Girdle lamellae are present within the
chloroplast envelope. A chloroplast endoplasmic reticulum is observed and it is an evagination of
outer nuclear membrane extending to encompass the chloroplast and the pyrenoids (Fig. 7.1).
Pyrenoids are sirigle-stalked type. They project outward from the chloroplast and are continuous
with the chloroplast matrix. Presence or absence of pyrenoids has some phylogenetic significance.

The photosynthetic pigments comprise chlorophylls ‘a’ and ‘¢, - carotene, violaxanthin and -

~* fucoxanthin and traces of diatoxanthin and diadinoxanthin. The reserve food is laminarin and this
is a soluble polysaccharide composed of B, 1-3-linked glucans. It varies from 2 - 34% of the algal -
dry weight. Mannitol also occurs as a reserve food. ' C

F”ig. 7.1. Diagrammatic Representation of cell structure in brown aigae. 1. Chloroplast endoplasmic
reticulum. 2. Chloroplast envelope. 3. Thylakeids. ‘4, DNA fibrils. 5. Pyrenoid. ‘6. Nucleus.
7. Nuclear envelope. 8. Nudieolus, 9. Mitochondria. 10! Pyrenoid sac. 11. Golgi bedies. 12. Vacuole.

The cell wall consists of an inner cellulose layer and an outer slimy layer. Alginic acld
(D-mannuronic acid and L-glucuronic acid) is preseat in the walls, Tt may constitute upto 24% of
the dry weight of the alga. Alginates (salts of alginic acid) are very useful commercially because of -

- their emulsifying or stabilizing properties. This aspect has been discussed in unit - 9 which deals
with the economic importance of algae. Sulphated polysaccharides, termed fucoidan, are also
present. L-Fucose (2- deoxy-L-mannose) is the main component of fucoidan. The hydrolysis ‘of
fucoidan also results in various amounts of D- xylose, D-galactose and Uronic acid. '

Two types of rel_)_roductiw structures can be seenin the brown algae:1. Plurilocular sporanjzium
- Unilocular sporangium. The forme¥ s multicellular and each cell produces amotile cell. This
structure can function as a gametangiuni when present on a haploid plant or as a sporangium when
62 - ‘ : ' - ‘



presert on a diploid individual. The unilocular sporangium is a single ceil (spherical, enlarged) which
undergoes meiotic division and produce non-motile spores or tetraspores or produce a number of
(16-128) haploid motile éells. The motile cells are liberated at sometimes in the life-history of every
brown alga. They are either gametes or zoospores, The motile cells are some what asymmetric with
two dimorphic flagella inserted laterally or subapically. The longer one, directed forwards, is
pantonematic and the other relatively short and basally directed is acronematic. In Fucales the
sperm has a'short anterior flagellum and a long posterior flagellum.

There is 4n alternation of generation in the sexual life-cycle of the members of Phacophyceae.
Tn majority of members it is isomorphic and in some it is heteromorphic. But in the order Fucales
there is oo morphological alternation of generations. The sex organs are borne on the sporophyte
plant and the haploid phase is restricted to the gametes only.

Kylin (1933) divided the Phaeophyceae into 3 groups:
1. Isogeneratae: presence of two similar alternating geﬂcratidns.
- 2. Heterogeneratae: An alternation of two dissimilar generations,

3. Cyclosporae: No alternation of generations. The vegetative plant is a diploid sporophyte. Itbears
 the sex organs and produce the haploid gametes. There is no vegetative haploid stage (Order Fu-
cales). ’ AR

Check Your Progress -1 - ) _
‘What are the main pigments and réserve food materials of phaeaphyceae?

Note: (a) Write your answer in the space given below.O
(b) - Compare your answer with the one giveﬁ?;hc end of this unit.

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

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

7.4. . SARGASSUM

Sargassum: is a large genus with a number of species and occurs in tropical, subtropical and
temperate zones. It is the most conspicuous brown alga in tropical and subtropical seas. The arca
where this alga dominates is called the "Sargasso Sea" (e.g., in Atlantic ocean west of Africa). .

‘7.4-.1. Vegetétive Structure

Morphologically the plant body is diffenentiated into a holdfast, a cylindrical main axis which
is branched into flattened, sterile leaf-like laterals. These- laterals look like 'leaves with a midrib and
serrated margins. In the axils of these laterals are developed solitary, spherical, stalked air bladders.
The air bladders contain the same gases as the atmosphere and act as floats keeping the plants in
upright position. Some believe them to be respiratory in function. They arise as surface outgrowths.
The branches bear variously modified receptacles. The receptacles contain fertile flask-shaped
* stractures called the conceptacles. Such branches are more condensed with narrower and shorter
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segments (Fig. 72). ' The main axis is pereﬁnia_], slow growing and ‘gives rise to rad:al]y arranged

primary laterals (leaves). - The main axis can grow to a height of 30 cm. Free floating unattached
forms are also common. ) : .

.,

Fig. 7.2. Sargassum. A. Portion of the thallus. B. Cryptoblast. 1. Stent. 2. Leaf like lateral
branch. 3. Air bladder. 4. Lateral of unlimited growth. 5. Hair. 6. Basal meristem.

In the attached specics the.plant is an;:hored to gubstratum by an attaching disc.. It is irregular
and more or less rough. Stolon- like structures arise from the base of the main axis which also provide .
additional anchorage.

7.4.2. Intérna‘l’; Structure

The T.S. of the thallus shows that there is an outermost layer with elongate cells containing a
number of chloroplasts. This is the meristoderm and is concerned with photosynthesis. External to
this is a mucilaginous cuticle. Internal to the meristodem is a hypodermat layer made up of similar
cells but without the chloroplasts._ Next to this layer is the cortex which may be several layefis-thick
and made up of thick-walled polygonal cells, It probably functions as the storage region and also
gives mechanical support, The innermost zone is called the medulla in which the narrow, elongated -
cells are loosely arranged. The outer cells of medulla are thick-walled and the inner ones are
thin-walled. In the leaves all the medullary cells are thin- walled. Probably the medulla serves as a
food conducting region (Fig. 7.3). The attaching organs contain hyphae in the medullary region.
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Fig. 7.3. Sargassum. A. T.S. of stem. B. TS of leaf. C.TS. of air bladder.
1. Cuticle. 2. Meristoderm. 3. Cortex, 4. Medulla. 5. Periphyses. 2Air chamber.

* In the thallus there is differentiation of tissues for differe
storage and support, conduction and attachment.

unctions like photosynthesis,

743 Reproduction h_ﬂ?*‘ ,
" It takes place by vegetative and sexual me@dm There is no asexual method.
Vegetative Reproduction Q)

It is.effected by fragmentation of the thallus. The older parts die and decay and the younger
parts separate and continue (o grow. Sargassum natans reproduces exclusively by this method.

Sexual Reproduction

Sexual reproduction is oogamous, The sexorgans are produced in flask-shaped cavities called
the conceptacles. The conceptacles are aggregated in the upper region of the axillary branch systems
known as the receptacles. These may be cylindrical or flattened. :

Structure of the Conceptacle : It is a cavity in the superficial part of medulla of the rcoept:icle.
It has a few layered wall and its cells arg rich in chromatophores. The greater part of the wall bears
many branched hair like filaments, the paraphyses. Its cells are barrel - shaped with scanty
chromatophores, Each conceptacle opens to the extetior by an aperture calied the ostiole. Near the
aperture colourless hairs representing the periphyses are present (Fig. 7.4).

Sex Organs : Some species are monoecious and others are dioecious. The conceptacles are
. always unisexual. In monoecious forms the antheridia and oogonia are developed in separate
conceptacles borne on the same plant. The male receptacles are smooth whereas the females: ar

. spinous. ' '
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Oogonia : The oogonia are sessile and embedded in the wall of the conceptacle. The young
oogonium has dense cytoplasm and a diploid nucleus. During maturity it undergoes 3 successive
divisions (the first two are meiotic) resulting in 8 haploid nuclei. Thisis not followed by the cleavage’
of the cytoplasm. The protoplast of the oogonium rounds off to form a single egg or ovum and is -
8-nucleate. One nucleus enlarges and the other 7 nuclei degenerate. The oogonial wall thickens and

is differentiated into 3 layers - outer exochite, middle mesochite and inner endochite. The mature
oogonia are discharged through the ostiole. Sometimes they remain attached to the conceptacle wall
by means of a long gelatinous stallk (Fig. 7.4). :

- .

Fig. 7.4. Sargassum, A. Male conceptacle, B. Branched paraphysis with antheridia. C. Spermotozoid, .
. I. Young Female conceptacle. E. Mature female conceptacle. 1. Antheridia. 2. Branched paraphyses.

3. Oogonium (embedded). 4: Ostiole. 5. Conceptacle. 6. Oogonium. 7. Stalk. B Flagella.,

Any cell in the wall of the conceptacle can function as the oogonial initial, The initial cnlafges
and divides into 2 unequal cells. The lower smaller cell is the stalk cell and the upper is the oogonial
cell which increases in size. Thus the cogonium is embedded due to the very short nature of the stalk

i (Fig.74).

Antheridia : The antheridia occur in large numbers and are crowded in a single conceptacle,

They ate borne terminally on the lower branches of the scantily branched paraphyses. The



paraphyses arise from the wall of the male conceptacle. The antheridia are small, oval, unicellular
structures. The mature antheridium contains 64 biflagellate sperms.. At maturity the antheridia
scparate from their stalk cells, emerge through the ostiole and float on the surface of water. The

antheridial wall gelatinizes to liberate the spérms. The spermatozoid is pear shaped with the 2

unequal flagella laterally inserted. It has a large nucleus (Fig 7.4).

The antheridium arises from the cell of the wall of the malc conceptacle. It grows outintoa

papilla like structure which divides into 2 cells. The lower cell functions as the wall cell of the

conceptacle whereas the upper one divides into two. Of these two, the lower cell is called the stalk
cell and the upper antheridial cell. The stalk cell grows out into a branch pushing the firs' terminal
antheridium to one side. The branch cell may again divide intG'the terminal antheridium and basal
branch cefl. Finally the stalk cell forms a one or two celled paraphysis.

The antheridial cell contains a single prominent nuclcus and a few chromatophores. The
nucleus divides repeatedly to form 64 daughter nuclei. The first 2 divisions are meiotic and the

" subsequent ones are mitotic. This is followed by the division of the cytoplasm. Conscquently the

. mature antheridinm contains 64 spermatozoids.

In Sargassum meiosis occurs at the time of gametogenesis in both male and female structures.
- So the ova and spermatozoids are haploid.

Fertilization : The spermatozoids swim towards the female conceptacles. A number of sperms
surround each oogonium outside the ostiole and still attached to the female conceptacle. One of the
sperms penetrates the wall of the oogonium and fertilizes the o lJK‘fhe male and female nuclei fuse
and a zygote is formed. Thus the fertilized ova are still con v‘ﬁ‘n’th@ oogonia which are attached
to the wall of the conoeptaclc )ﬂ%

Germination of Zygote : During germination Womd wall gclatlmzes and the zygote is

liberated. This zygote rests on some solid object: td divides by a transverse wall into an upper and a
lower cell. The lower cell gives rise to rhlzmd ¢ processes and the upper cell develops into the
erect Sargassum plant. :

Cryptoblasts

In certain species, besides the fertile conceptaclcs, sterile flask shaped structures called’ the
cryptoblasts are present (Fig. 7.2). They are borne on the primary branches. These structures do
not contain any sex organs. They develop in the same way as the conceptacles and show the same
structure. From the floor of the cryptoblast arises a group of colourless unbranched hairs. Each hair
has a basal meristem. These hairs project in tufts through the openings called the cryptoblamata.
Coloured hairs are also preseat. In the fertile conceptacles the sterile hairs are present only near the
aperture. The cryptoblasts are filled with mucilage secreted by the hairs. They develop in abundance
under extreme environmental conditions. The cryptoblasts and the’ conceptacles appear to be
homologous and'some have reported abortive antheridia in cryptoblasts irr certain cases. .

7.44. Alternation of Generations

Sargassum has a cyclosponan type of life-cycle. The main plant is a diploid sporophyte and
bears diploid antheridia and oogonia in flask-shaped depressions called the conceptacles. Meiosis
occurs during gametogenesis, so the gametes are haploid. After the fusion of the male and female
gametes the zygote becomes diploid. Tn this the gametophytic generation is completely supprcsscd
and is represented solely by the gametes only. Therefore it can be concluded that there is no
morphologically organized alternation of gencrations, However, there is a cytological alternation of
generations, i.e., from diploid to haploid (gametés) and back to diploid (zygote). The graphic
life-cycle of Sargassum is given in Fig. 7.5. '
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. , Sarga.;s.um_ /

ale  Eomale
_ Conceptacle- Concephacle
Zygote LQexual  Antheridia Oogortia. _

Sperms  Ova

Fertitigation -
sFig. 7.5. Graphic life-cycle of Sargassum.
Check Your i"rogmss -2 ‘
Write the main differences between the conceptagles and cryptoblasts,

_ Note: (a) Write your answer in the space givén below, .
(b} Compare your answer ?th e one given at the end of this unit.

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

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

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

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

74.5. Economic Importaﬁce ‘

‘Brown algae are very useful commergially. Alginates and a]gnnc acid are obtained from
_ Sargassum. Further details are found in unit - 9. S

- T.5. SUMMARY

Memb‘ers.o_f phaeophyceae (brown algae) occur exclusively in marine habitats. Chiorophylls
aand c with violaxanthin and fucoxanthin. are the characteristic pigments of this.group. Motile cells
are biflagellate with unequal flagella which-are laterally insert
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The thallus of Sargassum has a stem-like stipe, flat leaf blades and air bladders. The main axis
is attzched to the substratum by a hold fast. Asexual reproductlon is absent. - Reproduction is by
fragmentation and oogamy. Antheridia and 0ogonia are present in separate conceptacles. The sex
organs are diploid and after meiosis prodice haploid gametes. After fem].lsatlon, the zygote-
germinates into a diploid thallus.

7.6. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The main pigments of phaecophyceae are chlorophyl.l‘s ‘a’ & °¢’, violaxanthin and fucoxanthin, The
reserve food materials are laminarin and mannitol.

2. The conceptacles occur in the upper region of axillary branch systems whereas the cryptoblasts
are brone on the primary branches. The conceptacles are flask shaped and contain either male
or female sex organs. The cryptoblasts are also flask shaped ut these are sterile structures with
only colourless or sometimes coloured unbranched hairs arising from the floor of the cryptoblast.
The sterile hairs are also present in conceptacles but they are present only near the aperture.

. 74. MODEL EXAMINATION QUESTIONS .

I. Answer the following qiiestions in about 30 lines each.

1. Briefly mention the structure of the thallus in Sargassu discuss its life-cycle.
2. Describe briefly the method of sexual reproduction+in Sz
I1. Answer the following questions in about 10 lines eacQ

1. Give a general account of cell structure jn\%ﬁacophyceae and emphasize the cell wall
constituents. é‘ :

2. What is alternation of generatidn@)w toes it help in the classification of brown algae ?
3. Write briefly about cryptoblasts. '

' 4. Give abrief account of the sex organs in Sargassuint. ' .
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8.7. Summary
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8.1. OBJECTIVES

By the end of the unit you will be able to:

list out the distinguishing characters of thdop{);}}c,
comment on the-general features of Rhodoi hi‘ ce.

describe the thallus organisation and repréduction in Polysiphonia,
draw a graphic life cycle of Poly.s':plwrga and

VAW

note the similarities and differences b n Rhodophyceae and Cyanophyccae
O

8.2. - INTRODUCTIOQH X

V.

Polysiphonia belongs to the class Rhodophyceae, order CcramlaleS, and famlly
Rhodomelacae. The members of Rhodophyceae are also called red algae. Red algae are
predominantly marine and occur in all the oceans. Their greatest development is in the deeper and
wariner tropical and subtropical waters. Some are freshwater forms occurring in cold, fast flowing
waters in the tropics. Majority of them develop in deeper parts (100 meters deep) and grow attached

“to the rocks or solid substrata by hold fasts: — -

8.3. GENERAL FEATURES OF RHODOPHYCEAE

The Rhodophyceae comprising the red algae, can be dlstmgmshcd by ‘the followmg
combination of characters:

1. Complete absence of flagellated stages.

2. The presence of accessory photosynthetic plgmcnts the: bahprotcms (R-phycocrytbnn and
" R-phycocyanin) together with chlorophyll ‘d” and taraxanthin.

The occurrence of non-aggregated photosynthetic lamellae or thylako:ds in the chloroplasts.
Floridean starch as the reserve food material,

Polysulphate esters as the cell wall components,

Highly specialized process of oogamous sexual reproduction with famalc carpogonia and male
spcrmat:a
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A few red algae are unicellular. The great majority are filamentous, foliose or massive
structures (pseudoparenchymatous or parenchymatous construction). The thallus is either uniaxial
or multiaxial and in certain cases impregnated with calcivm carbonate. The growth of the thallus is
by an aptcalcell. - '

Cellular oréanization is eucaryotic but the degree of cellular specialization is less than that of

Phacophyceae. The cell wall consists of 2 layers — the inner cellulose. and the outer having pectic
materials together with polysulphate esters. The protoplast has tonoplast bound central vacuole and
the cytoplasm forms a thin lining layer. In some orders the cells are uninucleate. In the sub-class
" Bangiophycidae the chloroplast is single, axile and stellate with a pyrenoid. In the other sub-class
Florideophycideae the cells possess more than one chloroplast and these are parietal, discoid and
without pyrenoids.

The chromatophore of red algae shows remarkable uniformity in its fine structure. It has a
double membrane surrounding the homogeneous matrix, the stroma. The stroma is traversed by a
number of separate, single thylakoids which are not organized into bands. The thylakoids contain
chlorophylls ‘a’ and ‘d’, ¢ & B - carotene, lutein, zeaxanthin and taraxanthin. The biliproteins:
R-phycoerythrin and R-phycdcyanin are present in the form of granules aggregated on the outer
surfaces of thylakoids. They are termed as phycobilisomes. They are spherical particles, about 35
nm in diameter. R-phycoerythrin dominates over the other pigments and hence the members are
red in colour. However, due to photodestruction of phycoerythrin many red algae exhibit violet,
purple, brownish and greenish colours. The same species in a given population may exhibit different
colours. This capacity to alter their proportion of pigments in‘¥gsponse to different qualities of
incident light is referred to as chromatic adaptation. The ﬂor@ starch is stored in the form of
granules which are scattered in the cytoplasm, outside the Gm‘matophores. It stains red withiodine
(Fig. 8.1). : . :

Fig. 81 Diagrammatic representation - of “the fine structure of chioroplast in
Rhodophyceae 1. Chioroplast envelope. 2. Thylakoids. 3. Stroma. 4. Floridean starch.

A distinctive feature of many red algac is the presence of pit connections on the cross-walls.
These are 2 types: - 1. Primary pit connections and 2. Secondary pit connections. The pits help in
maintaining the protoplasmic continuity between the cells. The pit is a distinct lens-shaped plug.-

 Lack of motile and flagellate cells is the distinctive feature of the red algac. Sexual
reproduction is cogamous. It is complex, highly specialized with elaborate post-fertilization changes.
The male and female réproductive structures are called the spermatangia and carpogonia
" respectively. The malé gametes- are called the spermatia. The carpogonium has a swollen basal
portion and an elongated terminal part-cailed the trichogyne. The femaie nucleus lies in the swollén
basal part. At the time of fertilization one spermatium attaches to the tip of the trichogyne. The
spermatium nucleus passes through trichogyne ‘and fiises with the nucleus of the carpogonium.

n



Further development of the zygote (i'e., post-fertilization changes) differs very much in different
orders. The fertilized carpogonium may produce directly a phase called the carposporophyte. The
zygote nucleus undergoes meiosis and yield a mass of short haploid filaments called the gonimoblast
filaments. The tip cells of these filaments bear the ¢arposporangia which liberate the carpospores.
The carpospore gcrmmatcs directly into a new plant. The entire structure with fertilized
carpogoninm, loosely arranged.gonimoblast filaments and ca:posporangla collectively forms thr;: fruit
body called the cystocarp.

In the advanced members the carposporophyte develops indirectly. After fertilization the
diploid nucleus or a part of it is transferred to another cell called the auxiliary cell from which the
carposporophyte is formed. The carposporophyte gives rise to the carpospores which germinate into
a diploid phase called the tetrasporophyte. The tetrasporophyte bears the tetrasporangia which
divide meiofically into 4 tetraspores. The tetraspores germinate.-into new plants.

8.4. AFFINITIES OF RHODOI:"HYCEAE_

. The affinities of Rhodophyceae with other groups of algae are uncertain. It shows some
affinity with the Cyanophyceae in (1) the lack of motile stages, (2) presence of biliproteins, (3)
different type of starch and (4) organization of photosynthetic lamellae or thylakoids. But both the
classes diffex markedly from each other in manyrespects (as mentioned under the respective lessons).
Probably, the possibility is that both could have evolved in the remote past from a cormmon ancestor
such as a non—ﬂagellatcd type possessing biliprotei ns\

A series of analoglcs have been noted sexual reproduction of Coleochaete and certain
Nemalionales, i.¢., spermocarp and_cystocmation. Unfortunately it is very difficult to show
the origin of red algae due to the ﬁreseﬁ%&of chlorophyll ‘b’ and thylakoids stacked into distinct

-bands in ‘he latter.. O V' -

8.5. ECONOMIC IM@}TANCE

A number of red algae are very useful and have great economic value. A detailed account of
thlsxsg;wcnm unit = 9. o

8.6. POLYSIPHONIA |

The genus Polysiphonia is distributed throughout the seas of the world. The species are found
in the littorai zone in tidal marshes, brackish estuaries etc. - :

8.6.1. Thallus Organization

Thallus is filamentous and branched several times giving the plant body afeatheryappearance.
The colour is brownish red or dark purple red. In most of the species it is heterotrichous. The basal
prostrate filaments creep over the substratum and are anchored by thick, efongated, unicellular
rhizoids. The rhizoids arise from the peripheral cells near the substratum. The prostrate filaments
are without the trichoblasts and serve as a means of perennation. The erect filaments arise from the
creeping ones. These filaments bear the trichoblasts. The erect filaments have a much branched
system of relatively large branches having a feathery appearanoc Actually the main filament (axis) --
and the long branches consist of a system of parallel filaniénts ranging from 4 - 20 in number, These .
_are called the siphons. There is one axial filatnent known as the central siphon surrounded bya.
number of peripheral filaments. called the pericentral siphons. So the thallus is described as’



polysiphanous. The cell walls are gelatinous and the whole thallus is covered by a coramon firm
. gelatinous envelope (Fig. 8.2. and 8.3).

| [ 0 5

Fig.8.2. Polysiphonia. A. A portion of the thaltus. B.i?da branch. C, Basal portion-of the thalius,
1)

nections, 5. Rhizoids. 6. Prostrate systemni.

1. Axial filament. 2. Peripheral cell. 3. Tﬁchobla@t
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Fig. 8.3. Polysiphonia. A Three dimensional diagrammatic representation of the
filament. B. Transverse section of the filament. l.Axialsz”phon._z.Periceml siphon.
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" The cells are uninucleate and have many discoid, red coloured chromatophores in the lining
layer of cytoplasm. In some, the pericentral cells remain undivided-whereas in others they divide
periclinally and anticlinally and give rise to a thick parenchymatous cortex. Pit conpe:ctic):g are seen
between the central cclls and also between the central and pericentral cells. Secondary pit
connections may be present between the overlying pericentral cells.

Growth of the thallus is effected by means of a dome shaped apical cell.. It cuts off a sexies of
segments towards the base which elongate to form the axial siphon. The pericesitral cells are cut off
by the vertical division of the central cells below the apical cell. The thallus bears lateral branches.
They are of 2 types: 1. long with unlimited growth and 2. short with limited growth. The latter are
called the trichoblasts which bear the sex organs. The branches of unlimited growth are
polysiphonous and may bear the trichoblasts.

An axial segment grows into a protrusion which is cut off as a small cell. It is the trichoblast
imitial. It divides 1cpeatedly to form a dichotomously branched trichoblast. The trichoblast is
monostphonous. The long branches arise from the trichoblasts. The basal cell of the trichoblast
develops into « small lateral outgrowth. It is cut off from the basal cell by a septum and functions.as
an apical cell of the branch. This apical cell functions just like that of the main axis and gives rise to
a central siphon surrounded by pericentral siphons.

8.6.2. Reproduction

In the life-history of Polysiyaonia 3 kinds of plants occur. They are the gametophyte, the
carposporophyte and the tetrasporophyte. The gametdphyte is haploid and bears the sex organs.
Polysiphonia is heterothallic or dioe;cious,. Thewmale gametophyte bears the spermatangia. The
spermatangia are borne in dense clusters on tl'fe\r_r;c téichoblasts. They are unicelhilar, uninucleate,
spherical or oblong. The spermatangial wallis thick and 3 layered. Each spérmatangium produces
a single spermatium, The spermatia,are u‘géllular, spherical and non- motile. They are liberated
through a narrow apical slit in the%matangial wall. The spermatia are transported by the sea
water to the female carpogonium. The spermatangia are produced from the spermatangial mother
cells. The spermatangial mo@ceﬂs are formed by the division of the pericentral cells of the
trichoblast (Fig.8.4). ' -

Fig.84. Polysiphonia. A. Trichoblast with fertile branch. . B. L.S. of fertile branch C. T.S. of fertile
branch. 1. Trichoblast 2. Fertile branch. 3, Axial cell. 4. Spermatangial mother cell, 5.Spermatangiom.



. The female thallus bears the flask-shaped carpogonia. The carpogoniunt has a drawn out
« tubular structure called the trichogyne. The carpogonium is situated at the apex of a short lateral-
branth (4-celled) called the carpogonial filament or branch. The tip cell of this branch develops into
the carpogonium whereas its basal cell is known as the supporting cell. The carpogonial branch is
borne on the reduced female trichoblast originating from the central siphon of the female plant. ‘The
supporting cell cuts off two sterile cells which function as the initial of the basal and lateral sterile
filaments. The pericentral cells adjacent to the supporting cell give rise to outgrowths which develop
into an enve?opc or sheath around the fertilized carpogonium (Fig. 8.5).

Fig. 8.5, Development. of procarp in Polysiphonia A-D. LS. of female trichoblast. E.F. Mature ca{pogﬁniuni.
I. Supporting celt. 2. Procarp initizl. 3. Female trichoblast. 4. Carpogonial filament. 5. Carpogonium mother cell.
6..Carpogonium. 7, Basal stésile filament intial. 8. Trichogyne. 9. Lateral sterile fitament. 10. Pericarp. 11. Auxiliary cell.

Fertilization

The spermatia come in contact with the trichogyne of the carpogonium and adhere to it. At
the point of contact the wall dissolves, The spermatium nucleus passes through the trichogyne and
fuses with the female nucleus in the swollen basal part of the carpogonium.

. Check Your Progress - 1
" Whatisa carpogonium ? Where does it oceur 7 o . R
Note: {a) Write the answer in the space given below. _

(b) Compare your answer with the one given at the end of this unit,
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 Post-Fertilization Changes

After fertilization a number of changes occur in the zygote nucleus and then develop into a

" carposporophyte. The supporting cell cuts off a special cell called.the auxiliary cell which lies close
' to the carpogonium. The auxiliary cell establishes a tubular connection with the carpogonium,

"~ The zygote nucleus divides mitotically and one of the nuclei migrates into the awxdliary cell,
The outgrowths of the pericentral cells adjacent to.the supporting cell start forming an envelope
-arouad the developing carposporophyte. The nucleus in the auxiliary cell: divides mitotically into two
and one of the nuclei migrates into a lateral outgrowth of the auxiliary-cell. It is the gonimobiast
initial which gives rise to a number of short gonimablast filaments. These filaments form a compact
massive structure. The terminal cells of the gonimoblast filaments develop into elongate, pear shaped
carposporangta. Each carposporangium produces one carpospore, which is diploid. The supporting
cell and cells of some of the sterile filaments fuse and develop into a sort of nutritive element
(placental clement) and give nourishment to the growing carposporophyte. Meanwhile the
pericentral cells of the female trichoblast adjacent to, the supporting cell grow and finally develop
into an urn-shaped envelope called the pericarp ateund the developing fructification. It has a wide
aperture called ostiole at the distal end. ‘ entire structure consisting of the basal nutritive
element, the gonimoblast filaments bearing ‘carposporangla and the surroundmg envclope is
known as the cystocarp. Itis partly.hap‘l%?ﬂ‘and partly diploid (Fig. 8 6).

Fig. 86 Polysiphonic. AB. Developmem of cystocarp. C. Thallus part with cystocarp.
1. Supporting ell. 2. Auxiliazy cell. 3. Gonimablast intial. 4, Degenerating carpogonial filament.-
3. Basal sterile filament. 6. Pericarp. 7. Placental cell. 8. Carposporangivm. 9. Osiiole.

Carposporophyte

Itis the second individual in the llfe—cycle of Pob»sgphoma It is parasmc onthe female plant
It produces the diploid carpospores which are liberated through the ostiole and carried by water '
currents (Fig.-8.6). The carpospores-attach to the . substratum, divide and produce new diploid
Po{mphwua ﬁlamcnts called the tetrasporophytes. .



Tetrasporophyte

' It resembles exactly the gametophytlc plants morphologlcally Ttis free hvmg, It has a central
siphon encircled by the pericentral siphons. It is laterally branchedg The tetrasporophyte is diploid
and produces haploid tetraspores. The pericentral célls of the branches develop sac-like
reproductive bodiés called the tetrasporangia. The diploid nucleus of the tetrasporangium divides ~
meiotically and gives rise to 4 tetraspores which are arranged tetrahedrally. The tetraspores are
liberated due to the rupture of the sporangial wall (Fig. 8.7). The tetraspores gcrmmate just like the
carpospores and develop into the haploid gametophytic plants. Out of the 4 tetraspores, 2 develop
into male plants and the other 2 into the female plants.

o .q?:a‘

Fig.8.7. Tetrasporophyte with tetrasporangia. 1. Axial defl. 2. Peripheral
cell. 3. Stalk cell 4. Tetrasporangium. §. Cover cell. 6. Tetraspores.

8.63. Alternatlon of Generations - T

_ In the Ilife- hlstory of Polysiphonia there are 3 dlfferent individuals rcpresentmg 3 distinct . '
phases: 1. Gametophyte or sexual (haploid) phase 2. Carposporophyte (Ist diploid phase) and 3.
Tetrasporophyte (IInd diploid phase). So inthe life-cycle there are 2 dlplmd generations alternating '
with one haploid generation. Such a type of life-cycle is described as diplobiontic. and
morphologxcally tnphas:c As the plants of al! the generations are morphologically similar the
alternation of generation is isomorphic. The graphic life cycle-of Polys:phoma is given in Fig. 8.8.
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Check Your Progress - 2 O ‘ '

What are the differences between-corpos hyte and te&asporop_hyte ?

Note: (a) Write the answer in t ce given below. '
(b) Compare your angwer with the one given at the end of this unit.

....‘.‘.........‘.......-.‘..........‘.........‘-' .........................................

Red algac are predominantly marine. Flagellated stages are completely .absent in
Rhodophyceae. Photosynthetic pigments include the r-phycoerythrin, r-phycocyanin toéether with
chlorophyil-d and taraxanthin, Thylakoids are single and non- aggregated. Polysulphate esters are
the cell wall components. Floridian starch is the reserve food material.

Folysiphonia thallus 1s polysiphonous with an axial siphon surroiunded by pericentral sipholns.‘ 5_
Pit connections are present between the cells. Sexual reproduction is highly specialised Gogamous™

type. The male spermatangia and the female .carpogonia are borne on small branches called

* +
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trichoblasts. Aftcr fertilisation, the diploid nucleus |(zygotc) divides tmtotlca]ly and one of the nuclei
migratés into a special cell called the auxiliary cell. ‘Gonimoblast filaments develop from the auxiliary
cell. Carpogoniumi liberates carpospores. The frult body cystocarp is formed and the plant now is
known as the carposporophyte.

The carpospores develop into a tetrasporophyte, which bears the tetrasporangia. Tetraspores

.are formed in tetrasporangia after a meiotic division. The haploid tetraspores germinate into
gametophytic - generation (sexual plants). . There is distinct alternation of generations of
morphologically similar plants-the gametophyte, the carposporophyte and the tetrasporphyte. Life-
cycle is diplobiontic.

K

88. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The carpogomum is the flask shaped female reproductive body of Polysiphonia. It occurs at the
apex of short lateral branches called carpogomal filaments. =

2. Carposporophyte and tetrasporphyte are the two diploid phases in the life-cycle of Polysiphonia.
“The carposporophyte is a parasite on the female plant whereas the tetrasporophytg is free living.
The carposporophyte produces diploid carpospores which are developed into tetrasporophytes.
The tetrasporophyte produces only haploid tetraspores which dcvelop Jnto the gametophytic
_ plants, : ) s
. ' -

89. MODEL EXAMINATION QUESTIONS},\\}

I. Answer the following questions in about 30'linw§

1. “Write about the general characters of R hyccac
2. Write briefly about the thallus or%w and reproduct:on in Polyslphoma

© 3. Write in detail about the post ferti
IL Answer the following questions in about 10 lines.

n changes in Polys:phoma

1. Describe the fine structure of the chioroplast of red algac and comment on the chromatic
adaptation. :

2. Draw only diagrams rcpresentmg the ht‘e-h:story of Pob;.sgphoma
3. Mention the economic importance of Rhodophyceae and discuss the afﬁmtlcs of the group.

—
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By the end of thrs umt you will be able to:

1. differentiate and distinguish between various types of thalli in algae,
2. describe the econothici importance of various members of algae in lndustry, agnculture mcdnc:ne
oil and gas, sewage (reatment, cxpenmcntal work, water supplies etc.

9.2 INTRODUCTION

The algae which are economically very usefulrange from unicellular organisms to multicellular
thalli. A thaflus is defined as a plant body which is not differentiated into vascularised parts such as
roots, stems and leaves. ’

9.3. THALLUS ORGAN ISATION

" In algae the thalli can be broadly classified under two categories : 1. Umcellular and 2,
Muiticellular, - -

Uhnicellular ones may be motile and nonmotlle (coccoid). Multicellular thalli are of many
types colonial (motile, nonmotile), aggregations, filamentous (simple, branched, heterotrichous),:
mphoncous pseudoparenchmatous and parenchymatous. '



1931, Umcellular Types

Unloellular motile (flagellate): Unicellular forms are common in alt groups of algae (exocpt
' _mRhodophyceae and Phaeophyceae). The thallus is represented by a moreor less spherical,"oblong
or pear shaped body with 2 flagella at the anterior cnd e.g., Chlamydomonas.

Unicellular, non-motile (coccold habit): Motile unicells come to rest prior to reproductlon

If this sedentary phase is prolonged with restricted swarming period, then a rionmotile unicellular

individual would result. In these cells motility is regained only at the time of reproduction. But in

" certain cases there is complete dlsappearance of motility e.g., Ck!oreﬂa In this coccoid habit the
cells are usually sphcncal :

9. 3.2 Multicellular Types

Colonial motlle Colony is a ‘well dcfined structure with a fixed number of cells, shape and
size. This is also known as a Goenobium, The cells are eitherembedded ina mucnlagmous matrix or
united by means of localized production of mucilage e.g. Volvox. o .

;

Colomal nonmotile: The coenobiumis formed by the union of cells by the IOCdllécd productlon
'of muc:lage A number of these types are present in the order Chlorococcales of Chlorophyceae.

Aggregation: Aggregates miay oceur in both motile aud nonmotlle types. The fundamental,

 difference between a colony (coenobium) and an aggregation lies in the number. of cells, size and

shape. In aggregations the number of cells is not lixed, size of i1 colony is variable and shape is
irregular. In these cases vegetative cell division | takes pldce c@ growth. e.g., Gloeocapsa

There are two types of aggregations;

_ a) Palmelloid: The cells are embedded-inan ir@lar mass of mucilage. This'stage i$ not
uncommon in the life history of Chiamydontonas. %‘ - _

b) Dendroid:. It consists of cells whicl{ aré united (aggrcgatcd) by localized pmductlon of

" mucilage to form a tree like structure.
s

Filamentous: Filamentous habit is characterised by vegetalwc cell dmswn in only one plane
(transversely) so that the cells are arranged in linear rows. .

The origin of filamentous habit seems to be in two dlffcrcnl ways. Fritsch (1935), based on
thie observation of the germination, of zoospores and zygotes of many filamentous algae, congluded
that a filament can be evolved from a motile unicell, ke., biflagellate or (quadrifiagellate Precursors.
But according to Smith (1950) the fi lamentous habit may have arisen from tetrasporalean angestors
in which the cell division was restricied to-one plane, 50 that the cells are contiguous, end to end.

Simple flamentous: The simplest forrn of f lamentous thallus can be seen in- Ulothrix,
Oscillatoria (many of Cyanophyceae consist merely of a row of ﬁrmly connected cells). In these the
filaments are unbranched and the cells are arranged in one row, i.c. uniseriate. Oodogonitm is also

an unbranched filament but with cells d:fferentlalmg into various structutes (cap cells, oogonia, -

. antheridia etc.). .

Owing. to the introduction of longltudmal septatlon in the cells, the filament becomes
multiseriate and the thallus is one-celled in thickness. e.g., Schizomeris. In some forms there is a
third division which is also longitudinal but at right angles to the first longitudinal division. This makes
the thallus 2-layered, flattened leaflike structure (parenchymatous form), e.g.,Uiva. These two layers
get separatcd at an early stage and dcvelop into a tubular thallus, e.g., Enteror wpha.
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Branched filamentous: By the development of Tateral outgrowths of cells of the main filament,
and their division in transverse plane results in the branched filamentous habit, e.g., Cladophora. But
in Cyanophyceae the branching is peculiar which may be due to the growth of the broken ends of the

trichome, i.e., false branching, e.g,, Scytonema, or due to the outgrowth and division of one of the
cells in only one plane, i.e., true branching e.g,, Stigonema.

Heterotrichous: This is the most highly evolved type of filamentous plant body where there
is differentiation into a prostrate creeping portion and a projecting or erect system. 2.8, Coleochaete
and some simpler Phaeophyceae and Rhodophyceae. By a compacting of the filaments.of the
prostrate system and the complete disappearance of the erect system flat discoid- forms have
originated é.g., Coleochaete scutata. Insome heterotrichous forms the prostrate system is suppressed
and the erect system is elaborate. ¢.g., Drapamaldiopsis, Batrachospermum etc. In Chara the eroct
system is highly elaborate with the threads showing differentiation into nodes and internodes. At the
nodes the lateral branches (of limited growth) are arranged in whorls. In the axils of some of these
laterals of the upper nodes are borne the axillary shoots or laterals of unlimited growth. The thallus

‘s corticated. . ‘ . .

" 9.3.3. Siphoneous

. The thallus is multinucleate {coenocytic), without any septation into cells. Such a type of
thallus may be considered as acellular, e.g., Vaucheria, Chavlerpa. '
9.34. Advzin_éed Types of Thalii (Pseudop:_ renchymatous, Parenchymatous)

The further evolution of the filamentous habit ollowed three different lines:

1. The close jw&taposition of the branch of one adal filament to form compact
pseudoparenchymatous thalli (i.c.; uniaxi construction). B

2, The close jmgtaposition ofa num@{ﬁ aments to form a multiaxial thallus,

3. Thedivision of cells of the pri filament in all directions to form a 'p‘arenchyinat‘qus plant body.

The first two types are. common in the Rhodophyceae and the third one is seen-in the
Phaeophyceae. Uniaxial construction is found in Batrachospermun:  and the multiaxial type in

Corailina. - ) . ) !

In the brown and red algae thread like outgrowths develop from the cells of the multicellular -
thallus and form a cortex around the main thread. This is also foundin Chara. In some, these threads
grow superficially aver the primary thallus (as cortical threads) and may increase the thickness of the
thallus. In Polysiphonia these grow parallel with the main filament resulting in a polysiphonous habit.

.. In the thalli of large brown seaweeds there is 1_11arked anatomical differentiation. _
Check Your Progress - 1
What are éggregations ?

Note: (a) Write the answer in the space given below.
(b) Compare your answer with the one given at the end of this unit,
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94. ECONOMIC IMPORTANCE

The algae are economically very useful and important in the fields of agriculture, industry and
human consumption. They are also used as fodder and feed for animals, as source of minerals and
as manure, Algae are highly important as primary producers of organic mattcr in aquatic habitats
because of their photosymhetlc activity.

94.1. Algae in Industry

The algae yield a number of products of commercial 1mportance The major products are 1
Agar agar, 2. Carrageenin, 3, Aliginic acid and 4. Dlatomlte

Agar Agar

It is a slimy or mucilage substance obtained from the cell walls of certain red algae. 1t is
éxtracted from the thalli of Gelidium, Gracilaria and Gigartina. Japan was the largest producer of
agar agar until 1939. The extract is a gel containing galactose and a sulphate. It melts between 90°
" and 100°F and solidifies at lower temperatures. Agar agar is usedn the preparation of food stuffs
~ such as salads etc. and taken as a dish along with the diet reguk@ It is used as an emulsifier in
dairy products (ice cream preparation). It is largely used
micro- organisms such as bacteria, algae and fungi in the 1a

agsasubsirate in the culturing of various
@ ories. Itis also used in cosmetics,

leather and textile industries. . ,\\?\
Alginic Acid and Alginates
These are extracted from the m brown algae such as Ascophyllum, Laminara,

Macrocystis etc. Algin is a carbohydrate présent in the middle lamellae and primary walls of the
seaweeds. Itis a colloidal substance present in the form of a calcium salt which is soluble. [he salts
are known as the alginates. These are used as thickening agents in food industry, cosmetics, and in
textiles as printing pastes. They are also used in the preparation’of plastics and artificial fibres. The
alginates have great value as emulsifiers, gellying agents, dental impression powder, painis etc.

Carrageenin (or Carragheen) . Lo L,

Itis a cell wall polysaccharide. It is mucilaginous in nature. It is obtained mainly from the red
alga, Chondius crispus (Irish Moss) and in lesser quantity from Gigartina. The mucilaginous extract
is used in food, textile, pharmaceutical, leather and brewing industries. It is used as a component in
tooth pastes, deodorants, cosmetics etc. It is also used to stabilize emulsions.

Iodine

Japan produces iodine regularly from the kelps (brown seaweeds) 6.¢., Laminaria, Fua:s,
Eisenia and Ecklonia, Snmlarly bromlnc can bc obtamcd frorn the red algae - Rhodomeia ‘and
Po{ys:phoma .

Minerals

The kelpsare also a'source of soda and potash {he ash of thc kelps wﬂl be addecl to the sml
to increase the mineral content of the soil,



Glue '

_ Another important algal industry in Japan js glue manufaqturing.' For this purpose Gloeopeliis
Jurcata, ared algae, is used. This glue is known as ‘funori’ and is used for sizing paper and cloth, It is
also used as an adhesive. ' .

Diatomite _
.

It is a diatomaceous deposit formed due to the deposition of indestructible, siliceous frustules
of diatoms over a number. of years over the sea floors. This diatomaceous earth has got several
commercial uses. It is used as a filter for oils, in sugar industry and for clearing solvents. It is used .
in the insulation of refrigerators; boilers, hollow tile bricks for the construction of constant = -
temperature rooms, sound proof rooms and in metal polishes, It is also a constituent of some.tooth
powders, bleaching powders and a reinforcing agent in concrete. It is also used as a base. on
automobile and silver polishes,

Check Your Progress - 2
Wirite briefly about the main uses of Agar agar, -

Note: (a) Write the answer in the s_p;acc_: given below.-
» ) Compare your answer with the one given at the end of this unit, -

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

vl

94.2. Algae in Agriculture

Soil algae, specially the blue-green algac are capable of fixing atmospheric nitrogen and
increase the fertility of the soil. They also enhance the crop production. These algae are. the chief
agentsof pitrogen fixation in rice fields. Hence they are known as the bio-fertilizers or algal fertilizers,
Species of Anabaena, Nostoc, Tolypothrix and Aulosira are important in this field. These are
cultivated on mass scale,. dried and supplied in packets as seed material to be applied in the rice
fieldsat the time of crop cultivation. The blue-green algae are also usefulin the reclamation of barren
alkaline soilsi.e., ‘Usar soils’. By growing the blue-green the alkalinity maybe neutralized and fertility
may be increased. Likewise such soils are reclaimed and brought under cultivation. ‘ '

A number of seaweeds are used. as fertilizers (as mannure). Large brown and red alae are
important in this. They are rich in ‘Potassium’ and poor in ‘Nitrogen’ and ‘Phosphorys’ than the farm
manure. They are applied to the field directly and ploughed. Such fields are used for growing
vegetables in countries like Francc, Ireland and Sri Lanka. In Japan they are used in-the rice fields
and in China for growing groundnut and sweet potatoes. In India Ttrbinaria is used as a fertilizer _
for plam trees. The séaweeds are also used as compost, Sometinies thé burnt ash is added fo the -
fatm lands. The concenirated liquid extracts of some seaweeds are sold as liquid feitilizers and also

;
1 !



Lithothamnion and Lichmophyllum which are encrusted with lime, are used in place of lime,
after grinding the material. The freshwater alga, Chara can also be used similarly.

Check Your Progress -3
* Name the algae which are used as biofertilisers.

Note: (;)  Write the answer in the space given below.
(by Compare your answer with the one given at the end of this unit

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

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

9.4.3." Algaeas Food

Algae serve as a source of food for fishes, aquatic and tecrestrial animals and human beings.
More than 70 species of marine algae (red and brown seaweeds) B een used for food in oriental
© countries like China, Japan etc. The red, brown and gree@e form a regular portion of human
diet and are used prolifically. Spirogyra and Oedogoniup: in India and Uiva in Europe are important.
The mucilage balls or colonies of Nostoc are boiled %“a&m in Brazil. The raw red and brown
algae are chopped and added to other dishes. %&o g stipes of Laminaria and sporophylis of
Alaria are also eaten in Japan. Durvillea and Ulva afe dried, salted and sold. Large quantities of these
are consumed in Chile, Ulva lactuca was u@z salad and soups in Scotland. Porphyra is a tasteful
dish in Korea, Japan and China. Itisrichi ins ‘B’ and ‘C". In Phlllppmes Carderpa is culttvated
* as asource of food. : .

Some algae are rich in protems fats and vitamins A,B,C & E. The diatom Nitzschia is nch in
vitamin A, Vitamin ‘B’ is common in Ulva, Enteromorpha, Laminaria, Porphyra and Chondrus, Ulva,
Enteromorpha, Alaria ete. also contain vitamin ‘C’ The unportancc of Chforella as human food has
already been discussed in unit - 4.

944, Algae as Fodder

Norway, France, Denmark, Newzealand and U.S.A. use marine algae as fodder for cattle.
Ascophylfum, Fucus and Laminaria are processed into suitable cattle feed and given to the cattle,
poultry and pigs. This enhances the milk yielding capacity of the cattle. Similarly butter and fat
content of milk increases. The egg laying capacity of the poultry increases and egg-yolks will have
increased iodine and carotene content. Rhodymenia and Sargassum are used as fodder in France
and China respectively.

94.5. Algaein Medicine

Laminaria species have high iodine content. Codiurm, contams a considerable amount of
iodine. Gelidium and Grateloupia also contain fodin€. This iodone. is used in the preparatlon of
various goiter medicines. Some algae are a souree of antibiotics. Chlorellin form Chiorella is ap

" antibiotic. But this has not been chemically characterized. The extracts of Cledophora and Lyngbya
possess antiviral and antibacterial properties. The Charophytes posséss larvicidal-propeities. So



these plants are useful in destroying mosquito larvae. Because-of antibiotic property certain algae
were used in phycotherapy, healing of wounds in earlier days. ' :

Agaragar is used in the manufacture of pills and ointments. It also forms a base for many
medicines which are used as laxatives. Carrageenin acts as a blood coagulant. Alginic acid controls
bleeding, The extracts of Digenea, codium and Dunvillea have vermifuge effect. -

9.4.6. ' Algae in Oil and Gas

. The organic compounds derived from the dead plants and animals c0n§iituting the plankton
accumulate at the bottom and burried in the sediments of oceans. These compounds are decomposed
and converted into oil (petroleum) and fuel gas (methane) by the action of methane producing
bacteria. ' ‘

9.4.7. Algae in Sewage Treatment

Chlorella; Scenedesmus, and Euglena grow very well in domestic waters and help in converting
it into an odourless valuable fertilizer. The algae flourish on the nutrients present in sewage and
liberate oxygen during their photosynthesis, The oxygen is used by the microorganisms for the
-decomposition of organic matter in sewage, Thus the algal-bacterial systerrhelps-in the purification
and disposal of sewage. Besides this, the algae can be separated form sewage after a certain period
of growth; dried and used as feed for poultry.

-

9.4.8. Algae in Experimental Work

. Algae are used extensively in biological researeh. The cultures of Chlorella, Scenedesmus,
. Anacystis and other microalgae have been w@used in the investigations of photosynthesis. The
sexual reproduction at the celluar and molecularlevel has been thoroughly understood through the"
. L N .
studies made in Chlamydomonas and ot]\g?‘\’olvocalean algae. ‘ : )
( A

Chiorella pyrenoidosa, Spirtiiptarand Synechococcus gan be used as a possible food source in
space flights. These algae m\@ rapidly, synthesize food by utilizing CO: and liberate oxygen.
S S

9.4.9  Algae in Water Supplies

In freshwater ponds,lakes and reservoirsftanks certain algae (bluegreens, diatoms and
euglenoid flagetates) grow in abundance and constitute the water blooms. Such algae impart colour
and unpleasant odour to water, thus making it unfit for drinking, Certain algal growths may choke
the 'piqéé and interfere with water supplies. Blue-greens like Microcystis-and Aphanizomenon
produce toxic substances into the water which are poisonous to fish, cattle ete.. .

Some biclogists have emphasized the | role of air-borne algae as causative agents of allergies.

The thallus in algae is not differentiated into root, stem and leaves, Thalli are mainly of two"
types: 1. unicellular and 2. multicelular, -Unioell{ﬂar types may be motile or nonmaotile.
Multicellular thalli are 1. colonial (motile, nonmotile), 2. aggregations, 3. filamentous (simple,
branched, heterotrichous, discoid), 4. flattened leaf like, 5. tubular, 6. siphoneous, 7. polysiphonous,

8. pseudoparenchymatous and 9. pafc_nchymatqus. - ’ ,
Algae yield a number of commercial products like agar.agar, carrageenin, alginates and
diatomite. Soil algae, specially the blue-greens, play'an important role in agriculture. They serve as-
. " biofertilisers.: Algae:serve as food for humanbeings, fishes and other aquatic animals, as they are rich :
. 86
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in proteins, fats and vitamins. Marine algae are 'used as fodder for the cattle and sheep -Some are
used as poultry feed.” Algae have importance in medicine because of antibiotic, blood coagulant
properties etc. Some green algae are.used in the treatment of sewage and helpin sewage disposal.
» Algae are extensWely used in blologlcal research.

9.6. CHECK YOUR PROGRESS : MODEL ANSWERS

1. An aggregation is the one whose shape is irregular with variability in the number of cells and also
- the size.

2. Agar agar is used in the pfeparation of food stuffs such as salads, and as emulsifier in dairy
products. Various microorganisms such as algae, fungl and bacteria are grown in the laboratones _
using .agar agar as a substrate. : , _ ‘

3. The important algal specimens that are used as blofcrtlllscrs areAnabena, Nostoc, Tolypothrix and
Aulosira. . : :

9.7. MODEL EXAMINATION QUESTIONS

L. Answer the following questions in about 30 lines each,

1. - Describe the organisation of thallus in algae.. 0
2. Discuss the economic importance of algae. Q
II. Answer the following questions in about 10 llnes each:

1. Write a brief account of multlcellular ty Igae.
2. Give an account-of the industrial uses 0@‘@‘3

3. Name the important algal genera v@bscrve as food, fodder and feed and give their economic
importance ) «

4. Comment on the role of algae in sewage treatment and in medicine.

9.8. GLOSSARY

Anisogamous : A type of sexual reproducuon in Wl‘llch the fusmg gametes
differ in size, -
. Aplanospore : An ontogenetically potential zogspore which Jost the motility.

Benthose, Benthic : Bottom living, Attached to or resting on the substrate.

Cingulum : In diatoms the girdle or the region of the frustule connecting
the two valves.
. Cotyledon - :  The primary leaf or leaves of the embryo.
Embryo e Thclrudiméqtafy plant in a seed,
Habit ' : The general a;-apqarance of plant,
Kelp "+ Member of the brown algal order Laminariales.
Pericarp : A sterile covering around a carposporophyte,
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10.1. OBJECTIVES

By the end of the wnit you will be able to:

list out the species of fungi that are economically important ,

describe the vegetative structure of the furigal mycelium,

describe the special forms of mycelium and their functions.

distinguish between obligate parasites, facultative parasites, facultative saprophytes and sym-
bionts, - . o
describe various modes of asexual and sexual reproduction in fungi.

distinguish and differentiate between tinsel type and whiplash type of flagella,.

describe and distinguish various types of zoospores produced in fungi and

list out and describe different types of life cycles that are met within fungi,

bl o

- JPR -

10.2. INTRODUCTION -

Fungi are achlbrbphyllous anfl; live as saprophytes on dead organic matter or as parasites on- * -
living plant parts. Fungi have protoplasm encased in cell wall, reproduce asexually and sexually and



perform all living functions. Fungl are commonly called molds. It is alarge kingdom with about 30,000

known species. T! hey occur on bread, leather, litter, dung, in air, in soil and also on living plant parts. -

There are water moulds found on dead floating fish, vegetable debris and on submerged leaves. The
unicellular yeasts are abundant on the surface of ripe fruits. Fungi cause diseases such as mildews,
 smuts, rusts, wilts and rots. There are larger fungi which are either saprophytes or canse wood rotting

diseases. e.g., toad stools, bracket fungi, puffballs, stink horns and mushrooms.

103. IMPORTANCE )

The scientists who stndy the mushrooms or fungi are called Mycolugists. The science which
tells about fungi is called Mycology (mykes = mushroom, logos=discoutsc). Mushrooms like
Agaricus campestris and Volvariella are edible. The Roman emperor Cladius Ceasar (A.D.54) was
murdered by his wife mixing his food with a poisonous mushroom. Plant digcases are known to have
caused famines. Irish famine in the middle of the 19th century (1844-45) was due to the loss of potato
crop by the late blight fungus, Phytophthora infestans. The Bengal famine (1942- 44) was due to
Helminthosporium oryzae. The coffee rust disease forced the people of Sri Lanka to abandon collee
cultivation, Fungi are important in industry, medicine and as experimental tools. Fungi are

important in nyaintaining the carbon and mineral cycles of nature. The manularture of mold ripened

cheese is an industry. The first antibiotic reported was penicillin produced by fericillilian notaiunt

by Fleming. Ergot-alkaloid is produced by Claviceps purpurea. LSD (Lysergic. ' 1 # . wthyl amide),
the drug of the century is'produced from the ergot fungus. It is used in mental G Fiers.
- . N\
10.4. VEGETATIVE STRU CTURE . {«\\“"}
P .
The végetative structure of the thallus of fungl is€ umcellu]ar of mulisceiiular,
A spore of the fungus germinates and pro germ tube. Germ tube expands and gr ows

called mycelium. Yeast is unicellular. Myce

" intc a thread like structure calted hypha. @ e hyphae branch and anastomose to form a mesh,
of pigments. The hyphae may have cross walls of septa, called septate myczlmm M}'(.,Ll]llm wnhout

. ] Fig. 10.1 Fungal hyphae and types of septa. A. Coenacytic hyphae.
B. Septate hyphae. C. Stmple pore sepiwm. D. Dolipore septun.

P
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any septa is called aseptate or coénocytic (Fig.10.1.A,B). Insome higher fungi septate mycelium may
have barrel-shaped thickenings (Parenthosomes) covering the pore of a septurn and this type of
septum is called dolipore seprum (Fig.10.1.D).

10.5-° _ CELL STRUCTURE

Fungal cells are bounded by a 3 layered cell wall and the cytoplasmlc membrane or
plasmalemma delimits the cytoplasm They storé their food in the form of glycogen. Fungl are
eukaryotic. In the cytoplasm are the vacuoles, oil globules and cell organelies. Fungi have membrane
bound cell organelles like nucleus, mitochondria, tubular endoplasmic reticulum, the golgt body; and
ribosomes. There are some particles or vesicles formed in betvveen the cell wall and plasma
membrane called lomasomes (Fig.10.2.). -

) F”;g 10.2. Ultrasiructure qf hyph%, Il wall. 2. Flasma membrang, 3. lz;omas-omlt_:‘ ’
4, Mitoeliondrion, 5. Vac?ug. 6. Nucleus. 7. Endoplasmic reticuium. 8. Ribosoines. .
16.6. MODIFIED STR@:;I’ERES OF THE MY_CELIUM
| A4 .
Spccml forms of mycelivm are formed to perform special functions. They are (a) Rhizoids,

\(b) Hangstoria, (¢} Rhizomorphs and (d) Stroma and Sclerotium, Rhizoids are root-like structures

Fig:10.3 Fungal tissues (Pleétepchynia)_.. A Péeudop;renchma'. B Prosgnt;hym‘a;



[
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used as holdfasts and are feeding organs. eg, Rhizopusnigricans  Haustoria .
{singular-haustorium) are the specialized hyphal branches which are sent ingide the living cells of
the host for absorption of food. They are knob-like, elongated or lobed. Rhizomorphs are thread |
. _ like structures made up of loose aggregated hyphae. A stroma is a compact mass of vegetativehyphae
prodirced in fungi and a sclerotium is hard and firm with a rind and consists of a'mass 6f hyphae. It
serves as a resting body résistant tounfavourable conditions. Due to aggregation of vegetative hyphae
fangal tissues are also formed e.g, Plectenchyma, Prosenchyma and Pseudoparenchyma (Fig.10.3).

Cell walls contain 80-90% carbohydrates and the remaining being proteins and lipids. An
important feature of cell wall is the presence of chitin. It is a linear polymer of N-acetyl glucosamine
units linked by 1,4-glycosidic bonds. Glucans, mannans and cellulose are also reported.

" Nuclei of fungi are small. Nuclear membrane remains intact during nuclear division.
" Chromosome number is reduced during meiosis. Myceliun may be haploid or diploid (Fig.10.4).
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Fig.10.4. Some stages of Katyokinesis 4 A¢Metaphase B. ‘Telophase. C. Interphase.
. Fd
“Check Your Progress-1&2 . g Q)
"'1. Whatis a dolipore sepum ? e
2. Write a brief account of lomasomes and haustoria. . .~ . .Y . .. L
Note: (a) Write the answer in the space given below. -
(b) - Compare your answer with the one given at the end of this unit,
.............. e e
................................... e e
: S PR R
. : .
................. ‘_,
10.7. NUTRITION OF FUNGI o ‘ ’

; . . : - p J .
“Fungi require carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, magnesium,
. sulphur and also minor el€éments —irop, zinc, copper, manganese and 'moly_bdenum. Some fungi
. require vitamins also especially thiamine or biotin. Co '
) & T .
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. are also known as ‘biotrophs’.

" Note: (3) Write the answer in the space given ‘bcll‘ow.

In nature, fungi obtain the above food materials from living or dead plants: These food
matetials exist i complex form. So fungi breakdown these materials and assimilate them. These

processes are carried on by enzymes secreted by fungi. Enzymes are organic catalysts produced by
living cell. - . "

Besides the food requirements, certain factors of the physical environment are important for

" the growth and development of the fungi. Most of the fungi grow best at a temperature range of 22-

/27°C. and at pHof 5.0 t0 6.5. Light influences the growth of fungi. Fungi are aerobi¢. Yeasts are
the facultative anaerobes. “

Lacking chlorophyl! enforces fungi to depend for their organic food. Parasites obtain their .‘
food by infecting and then feeding on living organisms. Saprophytes feed on dead organic matter.
The parasites and saprophytes are forther divided as: -

10.7.1. Obligate Parasites

-These fungi requirf’s a living host for the completion of their life cycle. e.g., rust fungi. These

10.7.2. FacultativeParasitéé o

*_ These fungi leada saprophytic life but when they come in contact with a host, they are capable
of parasitising. e.g., Pythium, . ,

10.7.3. Facultative Saprophytes
" These fungi are mainly parasitic but can liveas $aprophytes also. ¢.g. Smut fungi,
10.74. Symbionts | 0 ) , -
Tyvo living ofganisms may live in %?aciation with one another, However, they are helpful to g
it

each other. e.g. lichens, mycorrhiza¢’ hen is an association of an alga and a fungus. Mycorrhizae
means fungus roots. ' o '

. Check Your Progress - 3. Q)

. . . . ’ ; \
What is symbiosis ? Mention some examples. .

(b) Compare your answer with the one _given at the end of this unjt. T

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

10.8. REPRODUCTION o S

. Two types of reproduction occur-in fungi-sexual and asexval.- Sexual reproduction involves
the union of protoplasm.and union of nuclei resulting in a diploid zygote followed by meiosis to
restore the haploid phiase. Asexual reproduction does not' ivolve such tmion. ‘Végetative " -
reproduction is mainly by means of chlamydospores, fragmentation and sclerotia. e



10.8.1. Asexual Reproduction

- Fungi reproduce asexually by several ways.

a) The hyphae in the mycelium break up into short thin walled cells with flat ¢nds. These are also
called arthrospores and oidia. ’

b) Budding: It is a process of vegetative multiplication in yeasts. A new cell is formed form-a small
outgrowth on the parent cells. e.g., Saccharomyces (Fig. 10.5). .

¢) Fission: It is a process by which an unicellular organism splits into two by constriction of the
nucleus and the cells. e.g,, Schizosaccharomyces (Fig. 10.5).

d) Asexual reproduction takes place generally by the production of aplanospores(sporangiospores
borne inside a sporangium) or zoospores{motile spores produccd inside the zoosporangium) or
conidia (borne externally at the hyphal tips). :

Fig.10.5 Asexual repr@duction. A. Budding. B. Fission.

Flagellated and motile spores ( res) are produced inside the .zoosporangia. Each

zoospoore is a naked protoplasmic bit whieh/germinates after a‘swarming period and later secretres
a'wall. Electorn microscopy reveled-the fine structure of flagetla and they are of two types.

a) Tinsel type: Flagellum with a large number of hair-like outgrowths (cilia) all around its surface.
b) Whiplash type : A long thread-like structure being rigid at the baSe with 11 fibrils and thinner
towards the apex as the 2 central fibrils project out. The latter portion is flexible.

Flagella are attached to a basal granule, blepharoplast. It is connected to the nucleus by a
strapd. called rhizoplast. Flagellum consists of eleven fibrils. Two are placed in the central region
and these dre covered by nine scpératc fibrils forming a sheath. * Flagellum is ‘made up of a protein
called flagellin (Fig. 10.6).

Fig. 10,6 The 9 +2 structure of flageltwi. 1. Membrane. 2. Outer fibrils (9). 3. Central fibrils @)
- s
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The f6llowing -z'_afc the types of zoospores produced in lower fungi.
1. Uniflagellate zoospore with a posterior whibl‘éish flagellvm. - . -
2. Uniflagellate zoospore with an anterior tinsel type of flagellum. ' S ] '
3. Biflagellate zoospore with w}nplash and tinsel type of ﬂagella attached aplcally or latcraﬂy
(Flg.l(]?) , ‘ - = .- - .

. Fig. 1.7 Three types of zaospores. A. Postenorly umﬂa.gellate (whlplash typc) B Ame-
~ norly umﬂagellate (l:msel type). C Blﬂagcllate zoospores (Whiplash & tinsel fype).

~  Sprangiospores are formed within a sac-like stmctu_re called "sporangium» Sporangia are-

placed on erect stalks, Sporangiophores (Fig.10.8). -
. - ' S
T
i - s
3
-~ ) I\‘
Fig. 108 Asexual reproduction through spores.” A. Spo:jaﬂgiospom\-
B. Zoospores. C. Arthrospores. D. Chlamydospores. E. Conidia._
. c?;
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. repreduction in fungi.

Conidia are mitospores, the nuclear-division being mitosis. Conidia are produced either
dlrectly from mycelium or on specialized structures, the condiophores (Fig. 10.8). Mycelium gets
. fragmented into bits of conidia, called arthrospores” In some fungi there is a specific conidiophore,
The apical cell of the condiophore is the conidiogenous-cell. Conidiogenons cell enlarges and blasts
out a ball like structure, the conidium. This development is called blastic. When both the wall layers
of the condiogenous cell contributes for the formation of conidium, the development is called -
holoblastic and when only the inner wall contributes for the formation of conidium, the development
is called enteroblastic. Conidia aré also produced on a bottle shaped structure called Phialide.

_ Conidial chains- are.formed when conidium after conidium are produced in succession . Many

‘conidia are produced on the c0md10phore at different points As the conidium falls down, a scar is
left on the eomdlophore Sometimes these conidia are borne in typical fruiting bodies like pycnidium
(flask like), sporodochium (disc- hke),, acervulus (saucer shaped) and synnema ‘broonistick like).
" Conidia may be one celled or many celled. They may be coloutless or coloured. They are also

transversely septate or longitudinally septate-or both.

10.8.2. Sexual Reproduction

El

Many fungi are known to reproduce sexually The following are the three 1mportant events in
sexual reproduction. .

1 Plasmogamy. The coming together and union of two sex cells,

2. Karyogamy' The union of the two nuclel

-

3. Melosis: Reduction division of the dlplmd nucleus by which thehaploid number is restored.

B !

In sonie fungi the karyogamy is delayed. Thus, c phase is formed in the life cycle of

some fungi. The sex organs invoived are gametangia {antheridium (male gametangium) and

oogonium or ascogonium  (female gametangium)y” The foIlomng are the modes of sexual
) ——

1. Planogammaetic Copulation }

. ' 4 -
The union of two motile gametes takes place. The fusion may occur in between similax gametes
(isogamy) and dissimilar gametes (anisogary). Heterogamy involves the union of a motile gawmete .
with a nop-motile feinale egg present in oogonium, e.g.,. Aflontyces, Chytrids, Monoblephans

2. Gametangial Contact o o - <" ’ &5 o
Male and female gametangia come closer and male gametanglal protoplast mlgrates into
oogomum through a pore or tube e Albugvo -

"3, Gametangial Copulation

s

* The' entire contents of dissimilar or similar gamcta.ngia fuse and beeome a dlplold zypote. e.g.,
. Mucor,Rhizopus, S acohammyees .

4, Spermatisation

Minute, non-motile cells (spermatia) . céme in contact w1t]1 female gametanglum resulting in
fertlhzatlon ¢.g., Neurospora.

-
I

5. Somatogamy . - .

. Fusion takes place between two undlfferentlated vegetatwe cells, and all cells are oompatlble —
¢.g., Peziza.. Different modes of sexual reproduction are shown in Fig, 10.9.

-
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Fig. 109 Vurious types of sexual réproductions P@ametic copulation, B, Gamc:.tangial contact. C. Gamerangial
copulation. D, Spermatisation. E. SomatogamyNWT86zamy. 2. Anisogamy. 3. Heterogamy. 4. Gogoniun. 3. Antheridium.
. 8BNS

6. Male gametangium, 7. Female gamqte% permatia 9. Receptive hyphae. 10. Hyphae of opposite matitig types. i

Check Your Progress - 4,

Lol f
s

What is the main difference between tinsel type and whiplash type of flagella?

Note : ,”(%l) Write the answer in the space given below, -

{b) Comparé your answer with the one given at the end ofthis unit.  * e
- 3‘ . .- . . . » ' -
: .
T e, e e e e

10.8.3. ‘Parasexuality in Fun:gi '

Roper 1966). True meiosis does notoccur. e.8., Aspergillus nidulans. Details are provided in unit-14, -

PR i - 1 = .

s

- The essential events are anastomosis of genetically distinct hyphae to form a heterokaryon,  /
. rare nuclear fusion to ferm diploid nuclei, mitotic crossing over and haploidisation (Pontecarvo 1956

»



10.9. LiFE CYCLES'

Fungi complete their life history through asexual and sexval modes of reproduction. They also
show an alternation between haploid and diploid nuclear phases in their lifecycle. Haploid phase
begin with the completion of meiosis and diploid stage starts with the nuclear fusion.

-

The following are the types of life cycles:

10.9.1. Asexual Life-Cycle

There is no sexual reproduction in some fungt. Such fungi multiply by asexual reproduction
only. e.g. Members of Deuteromycotina. :

109.2 Haploid Life-Cycle (Haplontic)

Fungi reproduce bBoth asexually and sexually, Haploid phase forms the dominant phase. >
Nuelear fusion is immediataly followed by meiosis and mitosis. As the nuclear fusion is followed by
reduction division, the vegetative cells are haploid. Diploid stage is- 0nly atemporary phase., This life: -
cycle is formed in some members of Mucorales and Ascomycetes.

il

10.9.3. Haploid-Dikaryotic Life-Cycle‘

In the life cycle of a fungus haploid phase is followed binprolonged dikaryotic phase (‘two
nucleate stage). Dissimilar but compatible haploid nuclei com\\yt:l§er,into a cell, making the cell to
become dikaryotic. Karyogamy is delayed in these fungi?Karyogaray is immediately followed by
meiosis. ¢.g.,members of Ascomycetes and Basidion:iyc )

/10.9, 4. Haploid and Diploid Life-Cy

Haploid phase of the fungus alternates :th the diploid stage of the fung‘us and both phases
share the life cycle equally. This is seen i charomyce.s‘ cerevisiae.

10.9.5. Diploid Life-Cycle (Dlplontlc)

Haploid- stage is confined to gametangium or gametes only. The thallus beirg dxplo;d
undergoes meiosis just before gaméte formation. Thus, baploid phase is for a short period. Major
part of the life cycle is of diploid nature. e.g., Pythium, Phytophthora.

10.10. CLASS}FICATI‘ON AND NOMENCLATURE

There is no perfect classification proposed for fungi. Various mycologists have proposed
different classifications (Bessey, 1950; Alexopoulos, 1962; Ainsworth, 1961). In recent times much
-new information has become available with the help of eléctron and scanning electron microscopy,
development of newer stains, biochemical analysis and also cytogenctlc stud:es These have helped
to formulate 2 modern classification of fungi.

Following the rules and regulations of International Code of Botanical Nomenclature, fungi
were classified into sub-divisions, classes, orders, families, genera and species. The naming of plants
is called nomenclature. Fungi are named following the binomial nomenclature. In mycology, the
family ends with the suffix-aceae, an order ending as gles.. class ending as - cetes,
sub-division-mycotina, and the dms:on-mycota For example, the full classification of a fungus isas .
follows : -



N Kiirfgd‘om Plant kingdom. L .

Division. . Eumycota (True fungi) )

Sub-Division Mastigomycotina

Class . : Oomycetes

Order Peronosporales

Family , Albuginaccae
-Genus - Albuge L .
Species candida

' - L3 . N L - ‘Il
Myxomycota includes slime molds and there is a controversy about their systematic position,

."as they produce naked plasmodia and their nutrition being holozoic. As such they are kept in a
separate division Myxomycota.

1

Fitzpatric (1930) d1v:dqd the Thallophyta, into Myxothallopﬁyta- (myxomycetes) and
Futhallophyta {Bacteria, Algae, Fungi). Saccardo {1866) classified fungi into Phycomycetes,
Ascomycetes Basidiomycetes and Deutcromycetes (4 classes)

Alexopoulos and Amsworth have.considered fungi as a division (mycota) Mycota had been

« further divided into Myxgmycotma and Eumycotina (sub- dmsmns) The classification proposed by’

Ainswoith (19’?3) is followed in this book

10.11. KEY TO THE SUB-DIVISIONS OF THE DIVISION-EUMYCOTA

'1. Motile cells or zoespores present, pasteri \ niflagellated (whiplash), anteriorly ﬂa{ge]latéd .
(tinsel) and biflagellated zoospores with a y or laterally attached flagella (one whiplash

and other tinsel) are produced. Thallus‘ﬁ arpic or eucarpic. Members are mostly saprophytic
and some are-parasitic. Sexualszepr duction oogamous. Qospores are produced after

fertilization .. ... vieenir e e N e e e e ... Mastigomycotina

2. Fungi reproduce asexually b -motile aplanospores. The spores are produced in sporangia
which are violently liberated but many are liberated by wind, rain or animals. Sexual reproduction
i3 by gametangial copulation and results in the formatmn of a zygospore The mycelium is

coenocytic, and cell wall has Chitin " fungi- of this group are mostly saprophytes although few

are parasitic on plants and animals. . ..o vt i i e Zygomycotma

3. This:is the largest class of fungi containing about 15,000 species. They occur in soil, on dung, in

waler, as saprophytes 'of plant and animal remains; as animal and plant pathogens. Sexually
prodiiced spores called ascospores-are borne inside tﬁe sac or ascus, typically having eight spores.
The cell walls contain a microfibrilla skeleton of chitin in addition to aminoacids,
protein, mannose and glucose. Hyphae are septate, with simple pores. Asexual phase is
represented by conidia. Sexual fruit bodlcs include clelstothes:a perithecia apothecia and
pseudothecia..............oiiiint N et eerebaanrrenes Ascomycotina

4. Motile cells absent. The characteristic spore bearing structure is the basidium. Basidiospores are
produced exogenously on sterigmata. The hyphae bear simple pore septum or dolipore septum. -

Basidiocarps are produced in higher fungi; many fungi of this group are parasitic on angiosper-
n:uc plants and some mushrooms are edible. Few fungi are saprophytlc ...... -Basidiomycotina

5. Fungi are known only in the asexual or mycelial state. Sexual stage lacking or unknown. Fungn

reproduce by conidia, or vegetdtively. Fungi of this group are the sucoessful plant pathogens and.” 2

many are saprophytic........... S ... Deuteromycotina.



Sub division Mastigomycotina has been divided into - 3 classes (1) Chytridiomycetes

2) Hyphochytndlomyoetes (3) Qomycetes.

. QOomycetes is an important class, as many members of this class cause serious diseases on
economic crop plants (e.g., Phytophthora, Pythium, Albugo, Peronospora, Sclerospora, Plasmopara).
This has been divided into 4 orders: Saprolegniales, chtomitalcs, Lagenidiales and Pcronosporales

Zygomycotina has two classes: Zygomycetes and Trichomycetes. The Zygomycetes compnse
2 orders: Muﬁooralcs and Entomophthorales. -

LY

Ascomycotina has been divided iato 6 c_Iasse’s: Hemiascofnycctes, Plectomycetes, Pyreno- -

mycetes, LabouIbt_:niomycetcs, Discomycetes and Loculoascomycetes. The classes are further
divided into various orders and only important orders will be considered under unit-12.

* Basidiomycotina has 3 classes: - Tcliomycetes, Hym;snomycetes and Gasteromycetes. Class
Teliomycetes includes serious pathogens like rusts and smuts, which come under orders Uredinales
and Ustilaginales respectively. Further division of Hymenomycetes will be dealt under unit-13.

Deuteromycotina includes 3 classes: Blastomycetes, Hyphomycetes anH_ coelomycetes.

10.12. POSITION OF FUNGI AMONG LIVING ORGANISMS

" . The living organisms are divided into Plant Kingdom and¥Animal Kingdom. There are some
microscopic organisms (Bacteria, algae, fungi and pr‘otozoa)\h@png the characters of plants and
animals. Haeckel (1894) included all such organisms \a separate kingdom protista. Modera

biologists include the prokaryotic orgamsms like bac 'and blue-green algae in yet another
kingdom : Monera. )

Linnacus has classified the fungl asa su@sion under Thallophyta. Eichler (1886) classified

'bactcna, fungi and slime molds under '%ﬁz a only. Gaumann (1952) proposed three classes *

namcly Schizomycetes (bacteria), Myxo (slime molds) and Eumycetes (Fungi).

Tippo t1942) Alexopoulos (1962) and Bold (1957) have proposed a scparafe division for fungl :

. - the Mycota. Mycota was further divided into Schizomycophyta (bacteria), Eumycophyta (true
fungi) and Myxomycophyta (slime molds). Ingold (1967) treated fungi as a separate kingdom. Many
taxonomists still consider fungi as a separate division undet the plant kmgdom itself (Ainsworth,
1973) . ,

10.13. SUMMARY : -

Fungi are achlorophyllous, heterotrophic, eukaryotic, unicellular or milticellular organisms
with absorptive nutrition. Mycelium is nonseptate or septate. Generally the cell wall is made up of
chitin. Asexual reproduction is by zoospo_reé and conidia:” Sexual reproduction is by planogametic
copulation, gametangial contact, gametangial copulation, spermatisation and somatogamy. Fungi
are kept under ome division, Eumycota and classified into the following subdivisions:

Mastigomycotina (zoosporic fungi), Zygomycotina (zygospore producing fungi), Ascomycotina

(fungi possessing ascospores), Ba51d10mycotma {basidiospore producing) and Deuteromycotina
(comdlal fungi).

L
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I Answer the following questions in about 10

N\

1Y

10.14. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The fungéll hyphae are divided into cells with the help of cross walls with a sm;ll pﬁrc in the centre,
These cross walls are called septa. The septum without any thickenings is called simple pore sep-
tum and the septum with barre] shaped thickenings around the pore is called dolipore septum,

2. In the fungal mycelium some small particles or vesicles ar present in between the cell wall and
plasma membrane. These are called lomasomes. THe parasitic fungi send some spectalised

brapchcs of the mycelium into the cells of the host plant for the absorption of food. These are
called haustoria. ) Con '

3. The association of two disstmilar organisms for their mutual benefit is called symbiosis e.g.,
Lichens & Mycorrhiza, '

4. The tinsel type of flagellum bear a large number of hair like projections all around its surface
_ whereas in whiplash type these hair like projections are absent. |

10.15. MODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 lines each.

1. Discuss different types of reproduction in fungi. ;
2. Give a detailed account of nomenclature aI de ication of fungi.

5 each.

Ny

1. ‘Write briefly about the nutrition in fupgi®
2. Write abof;t the different life- in fungi.

. 3. Write briefly about the v%, mbdes of sexual reproduction in fungi,



UNIT — 11: ALBUGO AND RHIZOPUS
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15.1. OBJECTIVES

By the end of this unit you will be able to:

1. distinguish the characters of Mastigomycotina from Zygomycotina and”’

2. describe the structure and reproduction ofAfb:igb and Rhizopus. o L
11.2. INTRODUCTION : : \> | .

The genus Albugo belongs to the sub-division Mast ﬁ' cofina. Fungi of this group occur in
- fresh water, humid soils, on dead fish and on vegetablg'debris. They cause diseases to fish and also

parasitise.algae. Vegetative thallus is either hol arpl?ﬁl: eucarpic. Three distinct zoospores are
produced, namely, posteriorly uniflagellate typc), anteriorly uniflagellate (Tinsel type)
and laterally biflagellate (one whiplash d another tinsel type). Albugo belongs to the class.
Oomycetes, order Peronosporales and l%lbugmaccae

Key to the classes of Mastig‘:mycotina
1. Posteriorly uniflageilate zoospores; flagellum whiplash type ... . ........... Chyridiomycetes.
2._ Anteriorly uniflagellate zoospores, flagellum tinsel type. . R Hyphochytridiomycetes

3. Blﬂagcllate zoospores; with laterally attached fiage]la one’ tinsel typc and second whiplash
L3 - S S Oomycetes,

The genus Rhizopus belongs to the subdivision - Zygomycotina under which the-
Class-Zygomycetes comes as an assemblage of fungi which reproduce asexually by nonmotile
sporangiospores. -Sexual reproduction is by gametangial copulation. The mycelium is coenocytic
and the cell wall is made up of chitin. Zygospores are formed, Rkazopm‘ belongs to the class
Zygomycetes, order Mucorales and family Mucoraceae.

Key to the classes of Zygomycotina : B
1. Usnally saprophytes.:.....c....... e e Zygomycetes
: 2. "Mostly parasitic in the guts of Arthropods...... .. e ettt ee e Trichomyoetes,
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11.3. ALBUGO : o

Albugo (Syn = Cystopus) is an dei'gate parasite. Alugo candida produces white rust disease
on leaves, stems and floral parts of cruciferae members. It produces white blisters or raised spots

_onleaves and other plant parts. The genus has 30 species. 4lbugo biiti is parasitic on leafy vegetables

belonging to the family, Amarantaceae. |

‘Mycelium of the fungus is coenocytic and is internal. Mycelium spreads in between the host

cells. Haustoria are also produced by the internal mycelium intothe host cells. Haustorium absorbs
food and water. : ' .

. 'Fig 11.1. Life-Cycle of Albugo candia, A.Production of sporangia. B, Sporangia, [ Liberation -

. of zoospores. D, Single zoospore. B, Encysted zoospare. F. Germination G, Intercetlutar hyphae
with haustoria. H. Multinucleate gametangia. 1. Uninucleate gametangia. J. Gametangial contact
and Plasmogamy. K. Zygote. L, Gemnination. ' M. Zoospores. N. Encystment & gernunation.-



Asexual reproduction is by means of the zoosporangia. Sporangia are seen in the ruoptured

white rust powder or blistér. Internally mycelium forms the mat bélow the epidermis. Erect and club

shaped sporangiophores arise from the aggregated hyphae. Sporangiophores are arranged one after
- the other in a palisade like manner.

The sporangiophores cut multinucleate sporangia in basipetal chains. In between the
sporangia disc like separating cells or disjunctor cells are present. These cells are dissolved by water
and white sporangia are set free. Heavy production of sporangia makes the epidermis to bulge and

break. Each sporangium is globose or hexagonal. In wet weather and if water drop is available, the .

zoosporangium releases eight biflagellate and kidney shaped zoospores. After a swimming period
the zoospores encyst and germinate by a gérm tube, The germ tube enters the host and establishes
infection. Under dry conditions, the sporangium germinates by developing a germ tube like a
conidium, Hence it is also.referred to 4s the conidiosporangium. -

Sexual reproduction is cogamous or by gametangial contact. The sex organs are antheridium
(male sex organ) and oogopium (female sex organ). Sex organs aré produced by the old mycelium
" inside the host tissue. Both the sex organs are multinucleate. Antheridia are produced nearby
oognia. Antheridial protoplasm is transferred into oogonium through a fertilization tube. The
muliinuclear sex organ become nninucleate due to the disorganization of the nuclei.

Antheridia are club shaped. Qogonia are globose. Ineach Oogonium single egg is surrounded

by the fluid, the Periplasm. Qospore is formed after the fertilization. Qospore wall is thick and

- ornamenfed. The diploid nucleus of oospore undefgocs mei'osis followed by mitotic divisions. after

~ aresting period the oospore germinates into a germ tube.-( be forms a vesicle into which

biflagellate. zoospores are released. . .-/

© Albugo cand:da infecting and prod,ucmg dlscas Brassica will not infect other members of

cruciferae. So Albugo candida 1nfect1n/ and producin whlte rust disease on different plants is not
the same. This is called host spemﬁmty -The li >of Albugo candida is gwen in Fig. 11.1.

Check Your Progress 1.

How do you dlfferentlate Oomycetcs from chytndmmycctes and hyphochytndlomycetes ?

Note: (a) Write the answpr in the space given below, :
(b) Compare your answer with the one given at the end -of this unit..

T R T I T S T T I I I R T T LI LI ]

11.4. RHIZOPUS

. " _ The fungus Rhizopus commonly g‘rows onbread. Thére are about 28 species in this genus and

all most all of them are-saprophytic occuring in soil, on dung, on stored fruits, foods and in litter.
Rhizopus stolonifer is found on ripe bananas and some species paramt:se potato and sweet potato..
Rhizopus belongs to the famlly Mucoraoeac of the order Mucorales

Ama
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Fig.- 1172, Life cycle of Rhizopus, A Somauc lyphae. B. Sporangium. C. Liberation of
sporangiospores. D. Sporanglospom E. Germination., F. Plus and minus hyphae.
G. H Progametangial formation. 1. Plus & Minus gametangia. J. Gametangial copulation. -
K Zygospore. L. Germination of zygospore and prod uction of germ sporangivm. M. Sporangiospores.
ot 4
"The vegeltative mycelium is coenocync It produces stout aerial hyphae (stolons) which arch
over and touch down the substratum, The stolon produces a tuft of branched rhizoids into the
- substraum. It takes off again to come to attachment at another point over the substratum. Form this
region several erect sporangiophores arise. The tip of- each sporangiophore gives rise to a oval

. Sporangium. Sporangla have brown to black non-motile spores, called sporangiospores. There isa
sterile portionin the form of a swelling at the tip of the sporangiophores, and it is called the columella. .

Around this is the sporangium. Inside the sporangium multinucleate cytoplasmic bits get. separated
by segmentation in-the cytoplasm They become spores by the secretion of cell wall. The sporangial
"wall breaks and the sporcs come out of it as dry black powdery mass. At matunty the columella

L

-y



! collapses so that it looks like an upside down pudding bowl. Spores are libérated by air and fall on
dead organic or suitable food. A spore germinates and produces mycelium.

In homothallic species (e.g., R. sextalis) sexual reproduction takes place by the union of
. gametangia, produced on the same mycelium. Some species are heterothallic (e.g., R. stolonifer)

" and the sexual reproduction takes place due to the union of gamatangia produced on different
hyphae. Sexual reproduction is by gamatangial copulation. The fertile hyphae swell and grow
opposite to each other. Both the sowllen points become flattened gametangia. Gametangia come
closer to each other. -

Gametangla gel differentiated into upper proper gametanglal portion and lower suspensor
cell. Fusion of gametangia leads to zygospore formation. Mature zygospore is black in colour. Itis
diploid. Itis either smooth or ornamented. It germmates after a resting period, After germination,
it gives rise directly to a sporangiophore bearing sporangium. Species of R]nzopu.s' are used to
produce certain organic acids and enzymes in the industries. The life cycle of the fungus is given in
Fig. 11.2.

Check Your Progress -2
What are the conmmon habitats of Riizopus 7

Note: (a) Write the answer in the space given below.
(b) Compare your answer with the one.given af the end of this unit..,

11.5, SUMMARY

Fungi belonging to mastigomycotina produce motile spores (zoospores). Thallus s holocarpic
or eucarpic. Sexual reproduction is oogamous resulting in the production of oospores. Species of
Albugo are obligate parasties. White rust of crucifers is caused by 4. candida. Asexual reproduction
takes place by means of sporangia produced on club-shapes sporangiophores. Sexual reproduction
is-oogamous, .

Zygomycotina includes fungn which reproduce asexually by means of nOn—mOl:llc
sporangiophores. Sexual reproductlon is by gametangial copulation, resulting in the formation of
zygospore. Rhizopus, common bread mold produces stolons and a group of sporangiophores aerially
and rhizoids into the substratum. Asexual reproduction is by sporangiospores ‘and sexual
reproduction is by the union of gametangia. In the industries some speciesof Rhizopus are used to
produce certain organic acids and enzymes. .
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11.6. CHECK YOUR PROGRESS : MODEL ANSWERS

1" Chytridiomycetes and hyphochytridiomycetes aré characterised

by uniflagellate zoospores
whereas oomycetes are characterised by biflagellate Z005pores. -

2.

The species of Rhjzopus are saprophytic & commonly occur on b;ead, in soil, bn.-'dupg', stored
J{_.’ -

furits, other food items and in Liiter.

Il

11.7. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each.

1. List out the imp.ortant events in the fife history of Albugo with well labelled diagrams.

2. Briefly outline the salient features of Rhizopus and add ‘a note on homothallism and
heterothallism." - 5o :

II. Answer the following questions in about 10 lines each.

" 1. Differentiate between mastigomycotina and zygomycotina,
2. Write briefly about the sexual reproduction in A/bugo.
3. Write an account of sexual reproduction in Rhizopus.
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12.1. OBJECTIVES'

By the end of this Unit y(;u will be able to:

1.. list ‘ount tha.mlportant characters of the subdms:on Ascomyc?:;n
2. describe the vegetative structure and reproductlon of Sac TIYCES, Pemc:.’lumz and Pezua,
© ‘and - B
-3. distinguish and differentiate the members of the cl emiascomycetes, Plectomycetes and
Discomycetes. ' :
_ : /’3
12.2. INTRODUCTION X

belonging to ‘Ascomycotina possess 2u ascus. ASCOSpores are formed inside the ascus after |

7@ 2N
VvV

Sacchammyces, Penicillium and Peziza belongto the subdwlsmu Ascomycotina, The fungi

karyogamy and meiosis. In some members of Ascomycotina the karyogamy is delayed. The

- vegetative thallus is eithier unicellular or multicellular. If multicellular, the hyphae are simple pore
septate. Asexual reproduction is by the conidia. Sexual reproduction is by the ¢ ;,ametanglal contact
or somatogamy, As a result of séxual rcproductton an ascus lS produced. ‘

Key to thie classes of Ascomycotma

A.  Ascns unitunicate (single layered) . -
1. Ascocé;p‘ and ascogenous hyphae absent. .. ... ", ........ e DU Hemiascomycetes
2, Ascocarp a cleistothecium; Asci ananged irregularly inside the ascocarp. ... ... Rléctomyéetes
3. Ascocarp a perithecium, ascospores arranged regularly (umserlatcly or

biseriately). . ....... et LR e ...... Pyrenomycetes
4, Ascocarpan apothec:um regular arrangemcnt of asoospores. e S D{scomyqetes
B.  Ascus bitunicate (with two layers) ‘ L |

, - - s

5. Ascocarp an ascostroma.: . ... e i ven s .. cor . pmﬁloasconnycetos

SACCHAROMYCES, PENT CILLI UM
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out like a bud and grows. Mitotic division of the nucleus takes place. Nu
intact during the division. A portion of the constricted nucleus enters the
cell contents but a scar is left on the parent cell. Some times this bud gives
that, a chain of yeast daughter ¢ells are formed on the parentcell, -

_ heterothallism has been noticed and compatible
. strains. After fertilization, diploid nucleus is pro
four haploid nuclei aré formed. By free cell form,

123. SACCHARGMYCES

All t-hespécies ofSaéc}zaromyce.s are con\hmonly cailedyeast%. Yeasts are inicluded in the family
Saccharomycetaceae of the order Exdomycetales and class Hemiascomycetes. The common bread

yeast belongs to the genus Saccharomyces. In Hemiascomycetes, the ascocarp and the ascogenous -
hyphae are absent, ' ’ - :

- Saccharomyces has 41 species. Sacchaiomyces cerevisiae is used in brewing and baking
industries. Yeasts also yield vitamin-B. Yeasts are found in nature usually on ripe fruits, soil, occém;.
and other aquatic hab\it_ats. - : - /

Yeasts are unicellular. Usually the cells are elfiptical or oval in shape and about 6-8 X 5-6uin |
Cell wall is three layered. Quter wall consists of mannan protein and chitin, The middle layer
has glucan. Inner most layer contains the protein and glucan. Some amount of lipid and phosphate -
are also present. The cell membrane or plasmalemma is of upit membrane type. The céll is filled
with cytoplasm having endoplasmic reticulum, ribosomes, ‘mitochondria, lipid granules, golgi
apparatus and nucléus. Nuclear membrane encloses the nucleus. Nuclear membrane is porous.
Central portidn of the yeast cell contains a large vacuole limited by amembrane, the tonoplast. The
vacnole contains a watery substance, granules of polymetaphosphates and lipids (Fig. 12.1}.

size.

. Fig. 12.1. A typical, cell of. Saccharomyces cerevigice. 1. Cell wall, 2. Plasima
membrane. 3, Nucleus. 4. Vacuole: 5. Glycogen. 6, il globule. 7. _\-*'olutin"granu]cs,
the cell softens and bulges
clear membrane remains
bud along with the other
rise to another bud. Like'

Végetative or asexual reproduction is by budding, A small area of

~Sexual reproduction is by the union of two haploid cells which act as gametes. In S. cerevisiae,
gametes are recognised as Plus'(+) and Minus(-)
duced. The diploid nucleus undergoes meiosis and
ation four ascospores are produced in each ascus.

rl f
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Saccharomyces cerevisiae shows haplodiplontic life cycic. In this life cycle both haploid and
diploid phases are cqually dominant. The life cycle is given in Fig. 12.2.

‘

Fig.12.2. Life cycle of Saccharomyces cerevisiae. A. Haploid somaticceil. B. Gametes. C. Gametangial
copulation. D, Plasmogamy. E. Zygote. F. Diploid somatic cell undergoing budding. G. Diploid cell. .
H. Young ascus. 1. Mature ascus with) ascospores J. Lysis of ascus wall and liberation of ascOSpores.

¢ -

Check Your Progress - 1 .

How does Saccharomyces cerevisiae reproduce asexually? Describe the process.

Note: (a)~ Write the answer in the space given below.
(b) Compare your answer with the one given at the end of this wnit.,

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

................................
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124. PENICILLIUM

Pepicillium belongs tothe class plectomycetes, order Aspergillales and family Aspergillaceae.

 In Plectomycetes the ascocarp is a closed fructification and is known as cleistotheclum. The genus
Penicillium - includes about 150 species.  Most of them reproduce asexually while a few produce

- 'sexual fructificationis. This fungs is found in soil, on dead organic matter as a saprophyte. The

" antibiotic, Penicillin, is-elaborated by Penicillium notatum and P. chrysogenum. Penicillin was first

discovered by Alexand_er' Flemming in 1927, Fenicillin is used against many bacterial diseases.

_Griseofulvin, another antibiotic, is produced from P. griseofubum. Penicillium. requeforti and'P.
camemberti are used in the production of cheese having special flavour, Blue mold of citrus fruits
is by P. digitatum. Rotting'of apples is due to P. expansum. 'Spbilage of food, leather and clothes is
also due to some saprophytic species of Penicillium. Some species of Pemicilliyim produce mycotoxing
like aflatoxin, citrinin & rubratoxin, which are injurious to animals and man, -
Check‘i"ourProgress-z o . - !

. ' . - . . o . - . -
What is meant by an antibiotic ? Namme the antibiotics and mycotoxins produced by Penicillium
species. o : '

3

'

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

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

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

e T

- Vegetative hyphae are branched and are séptate, with a simple pore. Hyphal cells are
uninucleate and hyaline. ' o N ‘ "

. Asexual reproduction takes place by nonsmotile units calied conidia. lConi_('lia are produced
on bottle shaped st'-ructii\rps, the phialides. Hence the conidia are called phialospores. Phialides are
bornon long, Septate, branched or unbranched erect structures called conidiophores. Conidiophores
arise from any cell of the hypha. The whole reproductive structure looks like a brush, Penicillus

‘(means small brush). Therefore the funghs has been named as Penicillum. Conidiophores branch

once or twice. These banches are called rammi, Branches may be in one verticle (Monoverticillatae),
twowhorls-(Biverﬁcﬂiatac) or more than two (Multiverticillatac). These branches are called metulae.
The uitimate branches act as phialides. Long chains of conidia are formed, with'youngest conidium
being-at the base. These conidia are globose to ovoid and look like a chain of beads. Conidia are
variously coldured and the colour varies with the species. It could be green, blue, yellow, orange etc.

. (Fig. 12.3). \ :
r C ' '
T ro S '
; .



’

]

’

Fig. 12.4. Lifecycle of Penicillium. A.Somatic hypha, B. Production ot.ci':in;idia. C. Conidia.
D. Germination of conidia. E,F. Coiling of Antheridial branch around the ascogonium
_, and fertilisation. G. Cleistothecium with asei. H. Cleistothecium with ascospores.

Al
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~afertile layer of cells called hymenium, Q o i

" brittle to leathery. They are usually brown in colour.

inmost of the speciés‘ofPenicillfum, the éemél'reproduction is absent. Sexual reproduction

- has been studied in Penicillitzm vermiculatum. It is by gametangial contact. Antheridium, the male

sex organ, develops fike a hypha and coils around the female sex organ. Ascogonium, the female sex
organ, is club shaped or cylindrical. The wall region at the place of contact dissolves. Antheridial
-uclei remain as such in the antheridivm only. The ascogonial nuclei form paired nuclei. One
ascogenous hypha arise from each dikaryotic cell. The asci are produced after karyogamy.,

. In the mean time the somatic hyphae grow and surround the ascogenous hyphae and asci.
‘These surrounding hyphae become thick tissue, the peridium, “As a resul of many-changes, a ball |
like structure is produced called cleistothecinm, It has no opening or mouth, Globose asciare found -
distributed irtegularly. Ascus wall dissolves before maturation.only. Ascospores are freed o:ilyiaftcr
the breakage of the fruit body. The ascospores are haploid and resemble pulleywheels. Ascospore |

on germination forms as germtube which develops finally into the vegetative mycelium, Life cycle of
the fungus is shown in Fig, 12.4,

El * s

125. PEZIZA® - |

Peziza belongs to the class Discomycetes, order Pezizales and family Pezizaceae. _

Peziza has 100 spécies. It commonly grows on dung, rotten wood, manures and wel soil rich
in organic matter.It is saprophytic. Vegetative mycelinm is branched and septate.Mycelium is much
branched as the hyphae spread in the substratum. The,sexual reptoduction is Ly.somategamy and
the fungus is homothallic;, Sex organs are absent, It i eb}ghc union of two cells of different hyphae
or of the same hypha. The transfer of‘pucleis fi; (:snk’ééll to the other results in a dikaryotic cell.
Ascogenous hyphae arise from dikaryotic cell 'a@m@tely as«;i%rc produced. Asci are placed on '

’ 4

Vegetative hyphae surround the'fertilé layer, hymenium, and a cup like - structure is formed
(Apothecinm) (Fig.12.5). The exposedfiymeninm which lines the interior portion of the cup like fruit
body, consists of elongated ascidndsterile hyphae, the paraphyses. Both the asci and paryphyses
bent towards the light (phototropi€). The bending of asci towards light results in the upward

- discharge of_ascospores.” Asci are operculate ie., opening is covered by a.lid or operculum,

Apothecia grow above the ground and are macrosc?pic. They are usuvally fleshy and sometimes

==

. Fig. 12.5 Peziza cups.

P

A vertical section of the apothecium shows the following parts: 1.Hymeniuhl, 2. Hypothecjum,

3.Excipulum. The hymenium lines the inner surface and consists of cylindrical or club shapedasci
and paraphyses. A thin membrane covering may be formed above the asci, called epithecium. The'

hypothecium is the layer of interoven hyphae just beneath the hymenium. The excipulumis the fleshy
part which forms the body of the apothecium (Fig.12.6). '



!' i ‘ (XD
‘}il; Jlllh,l.__l 'p‘

:r;ﬁflf:; i df'
ik

Fig.12.6. Peziza. A. Vertical median section. B. Hymenial layer. 1, Hymenial layer. 2. Cxcipulum. 3. Ascus. 4. Paraphysis.

12.6. SUMMARY

In. ascomycotina, ascospores are produced in a sac like structure, called the ascus,
endogenously. Classification of the subdivision is based on the ascocarp morphology, arrangement
of asci inside the ascocarp and the unitunicate and bitunicate isc of the ascus,

Species of Saccharomyces are commonly called ye They are helpful in baking and brewing
industries. The fungus is unicellular and reproduoes a@lly by budding (S. cerevisiae). Sexnal
reproduction is by gametangial fusmn

The genus Penicitlium is economically v rtant: The wonder drug pcmclllm is prodnoed

by penicilliuin :chrysogenum and P. notatum. $Some species are useful in cheese ripening and
decomposition process in soil. It reprod@sexuaﬂy by the production of conidia in chains on the
bottle shaped phialides. Conidiophores at¢’brush-like, Sexual reproduction in some species is by
gametangial contact while in some it is by somatogamy.

Species of peziza are saprophytes . Asexual reproductibn is uncommon. As a result of sexual

reproduction (somatogamy), cup- shaped ascocarps (apothecia) are produced.

12.7. CHECK YOUR PROGRESS : MODEL AN SWERS ‘

1. Saccharomyces cerevisiae reproduces asexually by budding, A small area of the cell wall softens
" and grows outwardly like a bud. The nucleus divides mitotically and one of them enters the bud.
This bud is'cut off from the parent cell and grows into another cell. Some times this bud is not
cut off and gives rise to another bud and so on. On the parent oell a chain of daughter cells are
formed in this way.

2. Antibiotic is a substance produced by living organisms which is toxic to individuals belonging to
other organisms. Penicillin and Griseofulvin are the two antibjotics produced by the species of
Penicillum. Aflatoxin, Citrinin and Rubratoxin are the mycotoxins produced by Penicillium
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12.8. MODEL EXAMINATION QUESTIONS.

|
L. Answer the following questions in about 30 lines each.

1. Give an acconnt of the structure and repreduction in Saccharomyces.
2. Discuss in detail the life histor)} of Penfcillfwn and add a note on its importance.
3. Comment critically on the structure and reproduction of Peziza.
« I Answer the following questions in about 10 lines each.
’ 1. Write about Ehe cell structure of yeast cells,
' 2. Wirite briefly about the sexual and aséxual reproduction in yeasts.
3. Write about the asexual reproduction in Penicillium.

4, Write briefly about apothecium'"of Peziza.
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UNIT — 13 : PUCCINIA USTILAGO AND
POLYPORUS

Contents
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133. Keyto the Classes of Basidiomycotina

134. Puccinia X '
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13.6. Polyporus _ .
.33.7. Summary ) ’ !

13.8. Check Your Progress : Model Answers -

13.9. Model Examination-Questions

13.1.. OBJECTIVES

By the end of this unit you will be able to: o E ©
1. list out the distinguishing characters of the subdivision - Basidigmycotina, ‘ —_
2. describe the different stages in the life histories of Pugeinia, Ustilago and Polyporus and )
3. distinguish and differentiate the Teliomycetes from omycetes.
. ! \
.13.2, INTRODUCTION g O"’ X ‘

N\

Pucc:ma, Ust;fago and Palypoms @% to the Subdivision - Basidiomycotina. Members of
Basidiomycotina are the most advanced of all fungi. Some of the most destructive plant diseases like .
' rusts and smuts are caused by members of this subdivision, Mushrooms belong to this subdivision

" only. Basidiomycetes are characterised by the production of their sexual spores called basidiospores.
‘Basidiospores are produced exogenously on a typical club-shaped structure the basidium. The
mycelium is predominantly dlkaryotlc and septate. Clamp connections also occur in the mycelium,
" Basidium is a single cylindrical 6r club-shaped undivided cell; such basidia are holobasidia. In the

" rust and smut fung;l, the basidium develops from a thick walled cell and is usually divided into four
cells by three fransverse septa. Segmented basidia are called phragmobasidia or heterobasidia.

'13.3. KEY TO THE CLASSES OF BASIDIOMYCOTINA

1. Basidiocarp absent, tcle.utoéporcs or smut spores are produced in sori,
.phragmobasidia pwscnt parasitic on vascular plé,nts .................... wvv.  Teliomycetes

2. Basidiocarp with naked hymenophores, basidia- phragmobasidia or
holobasidia, basidiospores - ballistospores. .............. c...covn ou... Hymenomycetés

’

3. Basidiocarp with enclosed hymenophore, basidia hOlObaSldla and ;
bamdmspores not ba]hstospores ......................... s Gasteromycetes

Teliomycetes has two orders, Uredinales and Ustilaginales. The order Urédinales is divided
into two families - Pucciniaceae and Melampsgrdceae and thc order Ustilaginales is dw:ded iito
 Ustilaginaceae and Tilletiaceae. -
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" observed in the macrocyclic rusts. Uredinia a

4
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The class Hymenomycetales has the Subsclass-Holobasidiomycetidae with the
Orders-Agaricales, Aphyllophorales Dacrymycetales, Tremellales and Auriculariales. Agaricales -
has been further divided into 9 families. Aphyllophorales are mestly the wood rotting fung1 with 9
families. ’

Gasteromycetes includes 4 orders Lycopcrdales Nidulariales, Sclerodermatales 4nd
Phallales f . : -

134. PUCCINIA : \

Puccinia causcs rust diseases mainly on céreals-and on other angiosperms. Enormous losses
are caused by these fungi, Many species are host specific. The genus Puccinia includes about 700
species. About 130 of them are reported from India. It belongs to the class Teliomycetes, Order
Uredinales and family Pucciniacéae.

The life-cycle is a complicated one consisting of five stages. Rusts are polymorphic or
pleomorphic producing five different kinds of spores—sporidia (basidios_porcs)-, spermatiz
(pycniospores), aeciospores, uredospores, and teleutospores (teliospores). In some rust (ungi the
life-cycle is completed by producing all the spore stages on a single host, hence called autoecious.
But in most of the rust fungi these spore stages are produced on two different hosts. This type of

* rusts are called heteroecious. . B

Three different types of life-cycles are observed infrusts based on the number of 'spore lypes

-present. They are macrocyclic rusts, demicycli 15 and microcyclic rusts, All the five stages are
1 produced in demicyclic rusts. Only telia arc

observed in the microcyclic rusts. Wheat r’;?‘hscasc.s in India are caused by three dilferent speciés
dita and P. strilformis (brown rust). The life cycle of

of Fuccinia. These are P. graminis. Bayec
Puccinia graminis tritici, the best exa@n&[ macrocyelic and heteroecious rust, has been (horou;__,hly
investigated, Therefore, it is u% stildied as a type member.

Puccinia graminis tritici attacks wheat (primdry host) and barberry (alternate host). The
uredospores and teliospores are produu,d on wheat while the pycniospores and aeciospores are
produced on barberry. The bamd;oqpores are produced on promyeclium or phragmobasndlum whu,h
is formed by the germination of teliospores. y :

Check Your Progress-1 o

What are autoecions and heteroccious rusts ? Differentiate the terms-macrocyclic, demicyclic and
microcyclic rusts,

Note: (a) Write the answer in the spacc given below.
(b) Compare your answer with thi Jne given at the end of this unit. )



Puccinia graminis var. trifici attacks the wheat plant and causes rust disease. The symptom of
infection on wheet leaves is the appearance of brick red pustules which are infact an aggregate of
uredosori (Uredia or Uredinia). The Uredinia contain stalked, one -celled uredospores or
urediniospores. The Uredospores are produced in the uredosorus (red pustule} which bursts
through the host epidermis. The uredospores are dikaryotic and arise from dikaryotic mycelium.
The mycelium is intercellular and single pore septate. Intercellular haustorig aré produced by the-
fungus inside the host. The uredospores are single celled with a thick wall and aie binucleate. Near
* the middle region of the spore the wall has four thinner. areas or germ pores. The uredospores are
“deciduous and are carried by wind. When the spores fall on fresh plants, they cause infection. Within

about 21 days of infection, a new crop 6f uredosori are produced. A single uredinium may contain
50,000 to 400,000 spores (Fig. 13.1). /

Fig. 13.1. Uredial stage of Puccinia graminds tpitici on wheay leaf. A. Uredosori on wheal CoL
leaf. B. A Section through the Uredosorus. C. Single Liredospore. L. Uredopustule. 2. lost
epidermis, 3. Binucleate uredos 5. Cuticle. 5. Fungal hyphae. 6. Sualk.

u

Later in the season a second kind of spore may be visible. The pustules are black. These
pustules are more on stem, hence the name black stem rust. This is the teleutospore stage. In the
initial stage both uredospores and teleutospores occur in the sori. The teleutospores are also stalked
and are two celled with thick wall. These are deep brown to black in colour. So this stage is called,
black rust stage. Eack cell is binucleate with a single germ pore. The germ pore is at the tip of the
upper cell and it is at one side in the lower cell. Teleutospores are also exposed like the uredospores
by the rupture of epidermis. These telentospores are the resting spores. In mature spores the two
nuclei of each cell fuse to give 2 single diploid nucleus. These spores are adapted for overwintering
on wheat straw or stubble. The teleutospores cannot infect the wheat again, Heavy losses of wheat
crop have been reported due to Black stem rust (Fig. 13.2). .

Fig. 132, 'Ieliai stage of Puocinia graminis fritici. A, Teleutosori on whest leaf, B. A section
, through the teleutosorus. C. Single teleutospore. 1. Teleutopustule. 2. Teleutospores.

119



120

The teleutospores germinate under favourable weather Conditions in the next spring. On
germination each cell forms promycelium (epibasidium). The diploid nucleus divides meiotically
and forms four nuclei. The promycelium divides transversely into four cells, each containing a single

haploid nucleus. This four celled structure is called phragmobasidium or metabasidium, Each cell _

of the metabasidium bears a single haploid nucleus. “This four celled structure is called

" phragmobasidium or metabasidium. Each cell of the metabasidium bears a single basidiospore on
. asterigma (Fig. 13.3). Basidiospores are incapable of infecting the wheat plant. Two of the four
" basidiospores produced oweach metabasidium are of one strain ( + factor) and the other twg are of

another strain {— factor). Unlike the uredospores and teleutospores, the basidiospores aré thin
walled and they are violently dispersed by water drop method. The basidiospores are capableof
mfectmg the leaves of barbcrry (Berberis vulgaris) a dicotyledonous plant but not’ wheat. Most
basidiospores may not reach4 barberryplant. Those spores which happen to fall on barberry leaves
germinate by producing a germ tube. ‘This germ tube penetrates through the epidermis and develops
into an intercellular mycelium. Each cell of the mycelium contams a single baploid nuclens. Several
basidiospores may reach and infect the same barberry leaf, so that plus and minus mycelia may
develop-side by side on the same lcaf

A
/

‘F g 13.3. Germination of tefevtospore and produc.tlon of Basﬂlospores A. Mature telentospore. B.
Germinating teleutospore. C. Basidial stagc 1. Epibasidiun. zHypobaSJdlum 3. Sterigma. 4. Basadlospores

Flask Shaped structures, pycmdla or spermogonia are produoed on the diseased Ieaves of
barberry. Pycnidia are ostiolate with a bunch or.unbranched, tapering, orange coloured haits called
the periphyses and thin walled branched hyphae called the receptive hyphae. The receptive hyphae

are the female sex organs. Closely packed clongate hyphae arise from the base of the wall of the ‘
spermogonium. These hyphae are called spermatiophores. These spermatiophores or pycniospores -

cut off a series of smgle celled non-motile spermatia at the tip., The spermatia are liberated in mass
through the ostiole in a thick sugary matrix sclution (Fig, 13.4). The haploid pycnidia are of two
mating types (+ and —). Ifa + pycriiospore is brought close to a — receptive hypha, 2 short gerin
‘tube is formed and it anastomoses with the hypha (Craigie, 1927; Buller, 1950). Nuclear transfer
from the pycniospore to the receptive-hypha then occurs and the migration and multlphcatlon of the
introdnced nucleus follows (Craigia & Gree, 1962). This resultsin the dlkaryotlsat:lon and after about

3 days binucleate ¢ells become clearly visible in the deep stammg tissue, which bcm thc roof of

1



the protoaecium on the lower surface of the barberry leaf. The binucleate cells are composed of”
alternatelylong and short cells. The longer cells enlarge anid become aeciospores. The smaller sterile
cells become the disjunctor cells. The mass of aeciospores are covered by a membrane called
peridium formed from the peripheral basal cells (Fig. 13.4). The aeciospores cannot germinate on
. barberry. They fall.on the wheat leaves after dispersal by wind and they germinate and produce
uredosori. : .

.o ~ N . - -
Fig. 13.4. Piiccinia graminis-tritiei showing pycuiglial an cidial stages. A, Aecidial cups on the fower
surface Of barberry leaf. B. Vertical-section of barberry | showing pyenidium on the wpper surface and -
an aecidial cup on the lower surface. C. Mode of de#€lopment of aeciospores. 1. Aecidial cup. 2. Receptive.
hyphae. 3. Pycniospores. 4. Aeciospores. 5. I’eﬁd@ﬁ:a]k‘ 7. Intercalary orsierile cell.'8, Aeciospores.

The rust diseases arg, controlled b@al means, which include : (1) application of systemic
fungicides such as oxycarboxin etc., (2) eradiCation of barberry and other collateral hosts and (3)
breeding for disease resistance. The graphic life cycle of Puccinia is given in Fig. 13.5.
Lo Uredospores ——s Qs
& ”
: . %,
3 %

. 3
\ _Z'a.'l“eleu{os_onj

O ON_ > 5 Puccinia graminis égi:gg et
e pont . (Dikaryotic mycklium)
@5’:909'5' o ) . r‘(‘e\e

ke . . 3
~—

withfusion nueleus

| 4.*.._R.D,

Aeciospares Tl

‘Aecidial cup Basidium
. +and -
Dikaryotic hyphae ~..  Basidiospores
. Spermatisztion - . Monokaructie - s
v VP T~ 3rat'matia¢___ chnidngm.g:‘-_ Hyphae {.?.?t l——— Germination

Barberry leaves
' ‘ Raceptive, . Pycnidiume— — Monokaryckic O Farcerty eav
S . Wuphae, , , Hyphae(-
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135. USTIEAGO — S
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Ustilago belongs to the class Tehomycetes order Ust:laginales & family Ustllagmaeeae
Species of this genus are mainly parasmc with a saprophytic phase for sometime, hience-are called '
facultative parasites. They cause serious diseases in ceréals especially affecting the flowers. The -
Ovaries are replaced by the black, dusty spore mass of the fungus and hence the name smuts. Ustilago
also causes damage to other economic crops.’ They, thus constitute an 1mportant group of plant
pathogens with world wide distribution. Ustilago is represented by 300 species and all of them
COmplete their life cycle on a single host. -

The following are somé of _the, xl,na]or- diseases cansed by the species of Ustilago.

Loose smut of wheat by Ustilago tritici

Loose smut of barley by U. nuda .

Covered smut of barley by U. kordei

Loose smut of oats by U. avenae _ . ' Y
- Covered smut of oats by U. fevis- : '

Smut of maize by U. maydis

Whip smut of sugarcape by U. scitaminge - \

Smut of Dianthus by U. violacea

The mycelium is intercellular in the host tissue with or without haustoria. It is monokaryotic

. and- then becomes binucleate. Clamp connectlohs\ are present in some species. Asexual
reproduction is by means of oidia and buddmg. Se}uq}eproductmn oocurs by the union of any two

compatible cells (plasmogamy). It might be reCalled that except in'rusts; sex organs are absentin all
other basidiomycetes. Most species of Ustilg e heterothallic. I'I‘he teleutospores are formed by
the rounding up of the binucleated hypha round thick walled spores The method of formation
of the spores earned these spores thenam chlamydospores In fact, these are'not chlamydospores '
(Asexual spores) but are teleutosp &3(Sexual spores). These a}rc also called smut spores. . The
Spores are also united into m%aﬁed spore balls. Teleutqspores are typically round with smooth
or spiny wall. At maturity theyirn black. Young teleutospores are binucleated but at maturlty
Karyogamy takes place leading to the formation of diploid spores The diploid nucleus of
telentospores undergoes meiosis and forms four haploid nuclei. Téwo.of them are of one matmg type
(+) and the other two are of different mating type (:). The teleutospore germinates under favourable
conditions. The promycelium divides into four cells, each containing a single haploid nucleus. Each
of these four cells produces thin outgrowths or buds.” These| are called infection threads or
* basidiospores. These infection threads or basidiospores cannot infect the ovary on their own. So,
" two infection threads of opposite mating types fuse and form a e'hkaryotlc bypha. By penetnfatmg
throngh the wall layers of ovary and ovule, the dikaryotic hyphla reaches the embryo. New the:
mycelium is in a dormant state and forms an inseparable part of embryo. In tl:us way U. tritici (loose
smut) repeats its life- cycle.. le’ferenpt stages in the life-cycle of U‘ gritici are gwen inFig. 136.. /

Usnfago maydrs (smut of malze) differs from all other smuts in some respects This species
has a saprephytic phase in addition to its parasitic phase. In 1ts parasitic phase it dose not form
haustoria. The infection.is- localised to all the aerial parts of the plant It does not grow systemically.
1t induces tumours in maize. The fumours may sometimes reach the size of child’s head.,

Control of lodse and covered smut presents a very d1£feren|t pioblem. The covered smuts are
controllied by méans of funglc,ldal dusting of sced. Hot water Lreatmentm]lbe effectivein ctmtrollmg .-
the loose smuts. Modem methods of control-of logse smuts are, by the use of systemic fungicides.
Since the infection occurs at flowering stage, one method of control is to inspect crops growvn. Sor
seed at ﬂowenng stage The disease can be satlsfaetorilyoonu'olled by breedmg resistant varietieg,

s

;
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B. Karyogamy in Teliospore, C. Germination of wheat flowegs. L. ikaryotisation. E. Dikaryotic hypha.

Fig. 13.6 Life cycle of Ustilago tritici causing loose smut of wheai. A. TelieSpores formedin inflorescence.
D
F. Infected seed. G. Systemically infeeted plant. H. @otic mycelium. 1. Smutted ear

3

. 13.6. POLYPORUS AN
X

Polyporus belongs 1o the clas%nenomycétw, order Aphyllophorales & family
Polyporaceae. The species of this genus are,gommonly called as bracket fungi. There are about 250
species of Polyporus. Many of them are parasitic on the roots, trunks and branches of several forest:
and shade trees. Many occur on dead or dicing and fallen tree trunks. Many species of Polyporus
cause wood rotting, Two different types of decay have been recognised: (1) In brown rot, only the
cellulose content is destroyed.(2) In white rot only the lignin content is-destroyed. Polyporus as the
pame donotes, contains several pores on the lower surface of the fruit body. The generally occurring
P. betulinus {causing white rot of birch) is described here as a type member,

The vegetative mycelium consists of white, slender, branched, septate hyphae which gets much
branched and thick walled with age., The cells of the primary mycelium are unicellular. Clamp

"Fig 137, Polyporus gp. A. Habit, B, Venteal surface of the pileus showing .
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vonnections are very common, By hyphal fusions they become. bmulcleatc All the specle's so far .
studied, are heterothallic. The mycelium grows beneath the bark. As the parasitism becomes more

severe, the mycelium forms amore or léss complete mv&ctment of the central woody cylinder.

Check Your Progress - 2 ‘
v "hat are the cell wall contents that are destroyed in brown rot and \Thite rot ?

Note: (a) Write the answer in the space given below.
(b) Compare your answer with the one given at the end of this unit. _

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

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

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

The fruiting body of Polyporus is characteristic and it is called basidiocarp or'sporophore. It
arises as a knob (bracket like) from the subterrancan rycelium, It grows and bursts through the
bark. Soonit gets differentiated into a short stalk me and a cap-like pileus (Fig. 13.7). The
basidiocarp may be 20-40'cms. in diameter with a thic of 2-3 cms. In the early stages the fruiting
body is soft and in the later stages it becomes w@and corky. The! fructifications in Polyporus are .

.

" annual and lasts only for one year. ?‘ _ |

A vertical section of the fruiting bo y shows different zones They are (1) Piletis surface, -
(2) Context, (3) Pore or tube layer, @’&e surface and (5) Hymemum

The pielus surface showQ@rrow zone of thick walled hypha'e. These hyphae run parallel to '

the suriace. Context occupies a greater part of the fruiting body. I This is composed of very fine
anastinosilig hyphac with large irregular spaces between them, This zone comprises four fifths of the
fruiting body. *The tube layer consists of vertically placed tube. They open to the under surface of
the fruiting body which is called the pore surface. The tubes are linéd internally by hymenium. The
hymenium consists of fertile bacidia and sterile paraphyses, cystidia and setae. These are placed at
right angles to tix: length of the tube. The basidiospores are liberated into the cavity of the tubes.

a8 Then they fall below thioush the pores. Afier that they get disscminlah,d by wind or insects. A single

basidiocarp liberates several bi. - 1:: ofspores. The basidiospores ar(, white or brown in colour, They

are small and oval in shape. Under suilabie conditions each bamdloéport, y.,crmmates to produce the

primary mycelivm. |

]

Basidiomycotina includes all fungi that proditce bamdmspores cxogenously ona club shaped
structure, the basidium, as a result of s¢xual reproduction. Teleutospore is the important spore form
in this group in which the compatible nuclei are brought together. T his subdmslon has bccn dmdcd
into 3 classes: Tellomycetes, Hymenomycetes and Gastrotmycetes. F

Species of Puccinia are obligate parasites and cause serious dlseascs on cereal crops and other
plants. The discases-are commonly called rusts.” Rust fungi may c0fnplctc their life cycle on a single

‘ '
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host (autoecious) or on two different hosts (heteroecious), Teleutospores, the sexual stage is
-produced on the primary host. Life cycle is discribed as microcyclic, demicyclic or macrocyclic
depending upon the number of spore types produced. Basidiocarp is absent in Puccinia. Plus (+).

- and minus (-) strains have been recognised in P. graminis tritici.

Species of Ustilago cause serious discases on many economic crop plants. The diseases are
» commonly referred as smuts. Ustilago tritici causes loose smut of wheat; U. hordei causes covered
" smut of barley, U. maydis (maize smut), U. scitaminae (whipsmut of sugarcane) and U. avenae (Joose
smut of oats) are also important pathogens. Teliospores (chlamydospores) are usually produced in
important plant organs (stamens, ovaries, seeds etc.) and Basidiocarp is absent.

Po!yﬁoms spp are generally parasites and cause wood rotting. The genils produces bracket
shaped basidiocarp, hence are known as bracket fungi. Basidiocarp can be differentiated intoa small
stipe and pileus,

13.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Usually rusts produce five different kinds of spores. “They are Uredospores, Teliospores,-

Basidiospores, Pycniospores and Aeciospores. If the life cycle is completed by producing all these

spore stages on a single host, it is called antoecious rust. If these are produced on two different -

hosts, it is called heteroecious rust. Macrocyclic rusts are those which produce all the five spore
types. The urediospores are not produced in demicyclic Qgﬁwhere as only Teliospores are
produced in microcyclic rusts.

2. The wood rotting cavsed by species of Polyporus are @ different types: 1. Brown rot and 2.

‘White rot. In Brown rot only the cellulose conté)?a; destroyed where as in white rot only the

lignin content is destroyed. O

-139. MODEL EXAMINATION@:bEgTIONS

L Answer the following questions in ahout 30 lines each.

1. Discuss in detail the life cycle of the wheat rust fungus with the help of labelled diagrams and
list out the important events.

2. Comment on the sexual reproduction in Ustilagoe and add a note on the major dlseases along
with the control measures. -

3. Briefly outline the structure and reproduction in Polyporus.
1L Answer the following questions in about 10 lines each.

1. Write briefly about the differences between Ascomycotina and Basidiomycotina.

2. Write an account of the Uredial stage of Puccinia.

3. Write an account of Telial stage of Puccinia.

4. Write briefly about the Basidial stage of Piccinia.

5. Write briefly about the different stages of Puccinia graminis tritici on Barberry plant.
6. List out the major diseases caused by Ustilago species.

7. Write briefly about the reproduction is Ustilago.

8. Describe the different zones in a vertical section of the fruiting body of Polyporus.

£
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. 14.5.* Parasexuality ' ' o

* 14.13, Model Examination Questiods . LT

| By tﬁe-eﬁd of thié unit you will be able to:

UNIT = 14 GENERAL ACCOUNT OF .
' DEUTEROMYCOTINA

14.1. Objectives .
14, 2. Introduction
14.3, Somatic Structures

14 4 Reproductive structures
144.1. Sporedochium . \
1442, Acervulus o
1443, Pycnidium oy

© 1444, Symaema N - =T

" 1435.1. Formation of heterokaryotic mycelium .
14.2.2. Nuclear fusion and muItlphcanen of diploid nyclei

- 14.5.3. Mitotic erossing over”
1454. Soningout of diploid strains |, . L.
14.5.5. Haploidisation . S o "L . -

14.6. Classification . X ‘ o ¢ ‘
14.7. Cryprococcm . o B .
148. Cercospora S \> : l
" 149. Fusarium S - / oy
14.10. Colletotrichum ! 0 ‘
14.11, Summary P LN : . .

14.12. Chieck Your Progress : Model Ans

14.1. OBJECTIVES )

1. dcscrnbe the somatic and reproductive ; étructurcs of Deuteromyc okma,

2. describe and dlffegrcntlatc the asexual fruiting bodies viz.,sporodochium, accrvu]us, pycmdlum .
and synnema, | i .

3. list out the sequence of events in parasexual cycle, ) ' . e

4. note the differences between the classification of Saccardo and Ainsworth and

5. describe the structure and reproduction of some economically i mlportanl orgamsms of this sub- *

dmmon : ) ! ) -
. - _ i -

-

142. INTRODU‘CTION .

. The fungi of this group reproducce aséxually by conidia (imperfect stage) The sexual or the
perfect stages of these fungi are either unknown or entirely lacking [ Those which are known, occur
' in Ascomycotina and Basidiomycotina. These fungl are also caTlcd as Imperfect Fungi because of -

. the presence of only imperfect stage in the life cycle of the fungus: | There are about 15,000 species

in this class, These fung1 Iwc as saprophyltes or parasites. The fungi of this group are known to occur
on litter, in soil, i air; on lea\fes, petioles and floral parts of plarits and also in aquatic kabitats (both
* freshwater and marine) such as submergcd leaves and stems ‘Foam forms an excellent trap for fungal
. ! N ) . . ..
I

T 1 |
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spores. . Fungi like Cercospora, .Altemaria, Fusarium,,” Helminthosporium, Pyricularia, and
Colletotrichum cause severe diseases on crop plants. Some are pathogenic to animals and human
beings, usually causing skin diseases (e.g. Trichophyton, Trichosporon, Microsporum). Candida, an
imperfect yeast infects the mucous membrane of various parts of man and the disease is called
Candidiasis. Many fuugl help in decomposing of organic matter besides being important in industry.

All the taxa are artificial, as they are not equal to the other genera, included in other
subdivisjons, This is usually indicated by using the prefix - "form" before all the taxa. For instance
form-genus, form-order etc, The form-genus mxght have 2 or 3 different sexual stages and therefore
have been referred as 2 or 3 different genera in Ascomycotina (e.g., Fusarium conidial states for
Necma, Gibberella, and Calonecrna of Ascomycotma

14.3. _SOMM-‘IC STRUCTURES

Myochurn is smlplc pore septate, and each cell is multinucleate. The mycelium may be
coloured or hyaline. Pseudomycelinm is also present in some species.

14.4. REPRODUCTIVE STRUCTURES |

-

. Reproduction is only by asexual method. Conidia, the nonmotile reproductive units, are
+ producéd on specialised fertile hyphae or directly borne on mybeshum Some times Conidia are
produced on aggregated hyphac which develop into fructnﬁcaﬁ)nu)f different shapes. Conida are
of various shapes and sizes. Variations in shape rcpres@aptanons to dispersal. Conidia are
either dry or sticky. Conidia are transversely septate or bol transversely and longitudinally septate
or aseptate, Conidia are spherical, ovoid, elongate, rical, thread-like, spirally curved or star
shaped. '

1

The hypha on which conidia are bogneiis called Comdmphore Conidiophore is either snnple

or branched, septate, cofoured or hyaline. following are the asexual fruit bodies in which the b

comdla are produced on aggregatcd cpnd:ophorcs

14.4.1, Sporodochlum

‘Ina sporodochjum the fungal mycelium develops into a cushion- like body. The conidiophores
arise from this. The conidiophores are generally shorter and loosely packed. Conidia are produced
‘in masses (e.g, Myrothecitm) from the tips of conidiophores (Fig.14.1A).

144.2. Acervulus

An acervitlus is a sauccr—shaped fructifi¢ation Wlth stroma, mycelial mat and aggregated
conidiophores (Fig.14.1B). The acervuli are generally produced just below the épidermis or cuticle
of the host. Setae may be present or absent (e.g., Co!feromdmm)

144.3. Pycnidium -

This is 2 flask shaped structure!with an internal cavity. They may have a small papilia or a long
neck. They may be completely closed or have a small openitig called ostiole. The whole structure
consisting of the wall, ostiole, cavity and layer of conidiphores is called the pycnidium (Fig. 14. 1C).
- The wall consists of short conidiophores, arising from the inner wall of the pycnidium. The conidia

* are produced from the tips of the conidiophores and are called pycnidiospores or pycnospores (e.g.,
Phoma).

1
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1444 Synnema i

. Aggregated fertile hyphae develop into a broomstick-like stru,'cture called synnema (Fig. 14.

- 1D). Conidia are produced on the tips of the fertile hyphae. Conidia may be produced singly or in
mass or in chains {¢.g., Trichurus). ' ' | i

.
- Fig. 14, l.w/pésof_ Asexual fruiting bodies in Deutc:romyce_tf.s.
A. Sporodochium. B. Acervulus. C. Pyenidium. Dy Synnema. .

Majority of the species of Deuteromycotina produce conidia on isolated or loose

conidiophores. Each conidiophore has an end cell fesponsible for|conidium production. This cell
is called conidiogenous cell. This cell may produce only one-conidium or many conidia. Conidia are
either produced singly or in chains. The chains are acropetal (older at the base) or basipetal (younger
at the base). - ‘ SR : o

_ The sexual reproduction is absent in the fungj, included in Deuteromycotina. However, the
phenomenon of parasexulity has been discovered, which results in‘genetic recombinations. Genetic |
variations are also brought about by mutation and heterokaryosis. } 7

I.,
b
i
|
1
|

14.5. PARASEXUALITY N

]

Parasexuality ﬁras‘discovered in Aspergilius nidulans by Pontecorvo (1952). After this, the
parasexual phenomenon has been identified in several other imperfect fungi and also- in some °
Ascomycetes and Basidiomycetes. The sequence of events in parasexual cycle are given below. -
14.5.1. Formation of Heterokaryotic Mycelium ll s .

“The presence of genetically different nuclei in the same protoplast is called haterokaryosis.
.. Most commonly the héterokaryotic myeelium is formed by anastomosis of somatic hyphae of spores
of different genetic constitutions, ‘Mutation is also reported to be the cause of heterokaryosis.

128



14.5.2 Nuclear Fusion and Multiplication of Diploid Nuclei

~ In.the heterokaryotic mycelium, fusion takes place between the haploid nuclei of different
genotypes and this results in the formation of heterozygous diploid nuclei. All these diploid nuclei
multiply mitotically, along with other haploid nuclei. -

14.5.3. Mitotic Crossing Over

This is the most important phase in the parasexual cycle. During the multiplicatioh of the_

diploid nucle1 mitotic crossing over takes place. This results in the formation of new genetic
combinations. - '

14.5.4. -, Sorting out of Diploid Strains

_The segregation of diploid strains occurs during the conidial formation. The diploid nuclei
are incorporated into some conidia. These diploid ¢onidia germinate and produce diploid mycelia.

14.5.5. Haploidisation : -

Some diploid nuclei undergo haploidisation in the mycelium during growth and are sorted
out. Some of them are genotypically different from both the original parents becuse of mitotic
recombinations. The haploidisation is not by reduction- division (meiosis) but by aneuploidy,

Aneuploidy is a phenomenon in which chromosomes are lost during mitotic division. Thus the -

parasexual cycle involves plasmogamy and karyogamy (haploidisation without meiosis).

14.6. CLASSIFICATION o /\\’}

Saccardo (1880-86) divided Fungi Imperfecti ﬁ%m- Deuteromycetes) into 3 orders - (1)
Moniliales for genera producing conidia directlyonthe hyphae or conidiophores. (2) Melaconiales
for genera forming conidia in saucer-shaped“gCervuli and (3) Sphaeropsidales for members
" producing flask-shaped pycnidia. Later, %cr order, Mycelia Sterilia was added to include the
genera that are sterile and reproduce only bnyégetativee means. (é.g., Rhizoctonia).

The classification proposed récently by Ainsworth (1966) has been accepted by most of the
mycologists. He elevated the class into sub-division Deuteromycotina and divided it into 3 classes.
They are Blastomycetes, Hyphomycetes and Coelomycetes.

The class Blastomycetes includes imperfect _yeasts. They exist as budding cells or
pseudomycelinm. This class is divided into two families — (i) Sporobolomycetacae and (ii) Crypto-
coccaceae,

The class Hyphomycetes includes the fungi with conidia directly borne on hyphae or on special -

branches. This class has four families, Torulaceae. Helminthosporiaceae, Bactridiaceae and
Geotrichaceae. Saccardo divided the Order-Moniliales (Class- Hyphomycetes in the new
classification of Ainsworth) into 4 families. Based on the various modes of origin of conidia,

Subramarian (1965) divided Hyphomycetes into 5. families which were earlier recognised as 8 or 9
sections (Hughes, 1953; Tubaki, 1958). Form- Genus Fusarium causing serious disease of economic
plants like cotton, tomato, chickpea, ricg, wheat, potato, pea, flax, etc., and ‘Cercospora causing leaf
spot diseases of various hosts, are important,

The class Coelomycetes included fungi which form conidia in acervuli or pycnidia. The class
is divided into two orders (1) Melanconiales (fungi with acervuli e.g., Colletotrichur) and (2)
Sphaeropsidalés (fungi with pycnidia e.g., Phoma). Melanconiales has a single fan
Melanconiaceae whereas Sphacropsxdales bas four families. Form genus Colletorrichum. causes
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‘ 1mportant dlseases lee redrot of sugarcane, frult rot of chillies and anthracnose ofbeans. Phoma is
© acommon soil inhabiting fungus Some species -are pathogenic (e. g:lPhoma linguimy). ‘

Some 1mportant genera belong;mg to the 3 classes of Deuteror[nycetes are ‘described i in detail.
I .
F ann-Cla.fs . v Blastomycetes

14.7. CRYPT OCOCC US e : Fonn—Fam:ly ‘ prtococcaceae

] -

The genus Cryptococeus has 17 species and they exist in the yeast phase. C. neofonnarw causes’

_ ‘cryptococcosis’ in man. It grows on birds excreta. It reproduces b};'I budding (F ig. 14.2). The fun-

gus can infect Jungs and also the oent:ral nervous system, leading to death
‘:-.I ' -7
b
h]
. (- Fig. 14.2 Round thg\lls of Cryptoooccus sp. mulnplymgbybuddmas - Vs
. . Form-Class i Hyphomycetes I
: -14 8. CERCOSP OI@ ( : ' Fom;-Fam: y Ton{laceae
Cercospora has a number of species (about ’?00) which cause leaf spot - diseases on various
hosts. Cercospora personaia. and C. arachidicola are responsible for leaf spot (Txkka d:sease) of .
groundnut; C: nicotiana causes foot-eye’ leaf spot of tobacco. . |- ) -

C.S. of Acervulus. PR

P}




Mature hyphae are brown.and aggregated to form stroma near the stomatal cavity of the lcaf
Conidiophores arise in groups-from the stroma and conidia are produced acrogenously; conidia are
"~ long, cylindrical to obclavate, septate and brown. Perfect stages are known for some species (belong
to ascomycotina) (Fig. 14.3).

Form-Class :  Hyphomycetes

14.9. F USA-RI UM Form-Family : Tuberculariaceae

The genus is an important plant pathogen causing serous wilt (F. oxysponim) and root-rot
(F.moniliforme, F. solani) diseases of important crop plants. Hyphae are branched, septate and
hyaline. Conidia are produced in slimy sporodochia or sometimes scattered on the mycelium.

Conidia are of 2 types : 1) microconidia 2) macroconidia. Chlamydospores are often produced (Fig.

14.4) and perfect stages have been described (belong to Ascomycotina)

<-

Fig. 14.4. Fusarium sp. producing conidia%acrocomdla 2. Microconidia 3. Chldm)’dOSPONS

Form-Class : Hyphomyceres

14.10; COLLETOTRICHUM, ey - T B

Colletotrichum is an important pathogen The genus produccs conidia in a fructification known

as acervulus. Acervulus may be subepidermal with a peripheral ring, of black, stiff setae (Fig. 14. 5)
Conidia are falcaie, one celled and hyaline. Perfect stages of C. fulcaturn belong to Glomerella

falcatum and Physalospora fucimensis (Ascomycouna)

Fig. 14.5. Qollelotrichum sp. A. Acervulusin section, B. 0ﬁgin_ of condiophore and conidia,
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Check Your Progress - 1 & 2 .

L In parasexuahty haploidisation takes p}acc without meiosis hpw ?

2. What are the important genera of Deuteromycetes" Wnte about the economic impoitance of ;

each one of them,

hat
Note:. ;)  Write the answer in the space given below. - ! |
(b) . Compare your answer with the one given at the end of| this unit.
......... e
|
............ ,'.’:
................................................................ Lo S
' |
A | ......
.......‘..‘......‘.......‘.‘.......‘“‘....‘.“.0 .......... i ............................
R R T T e e e
_ . A i .
'|
L T | .............................
|
................................................................ | T T T
1411, SUMMARY ~ . : - |
: ;i L
i

The fungi belongmg to Dcutcromycohna reproducc asexually by producing conidia. Conidia
are borne on conidiophores which may be free or aggregated lin asexual: fuctifications like
sporodochium, acervulus, pycnidium or synnema, parasexuality, commonly obscrvcd in this group is
ofi importance as genetic recombination takes place dunng this process

Ainsworth (1966) recogmscd this group as a subdivision, Dcutcromycotma and divided this
into3 classes: Blastomycetes, Hyphomycetes and Ceolomycetes. The older classification of Saccardo
(1880-96) considered this as -a class, ‘Deuteromycetes and divided|into 3 orders ~ Moniliales,
Melanconiales, and Sphaeropsidales. The fourth order, Mycelia sterilia, was added later. .Some
genera like C:r;pwcoccm (Blastomyoetes) cause diseases to human beings while others like”

-



Cercospora, Fusarium (Hyphomycetes) and Colletotrichum (Coelomycetes) are important plant
pathogens, - '

14.12. CHECK YOUR PROGRESS : MODEL ANSWERS

, 1. In parasexulity haploidisation occurs by aneuploidy but not by meiosis. Ancuploidy is the
: phenomenon in which chromosores are lost during mitotic division itself,

2. Cryptococcus, Cercospora, Fusarium, Colletorichum ¢ic. are the economically hnportant genera
of Deuteromycotina. Cryptococcus infects the lungs and the central nervous system of man and
some times it may lead to death. The species of Cercospora cause leaf spot diseases. Most
important among them are tikka disease of groundnut caused by C. personataand €. arachidicola
and Frog eye disease of Tobacco cansed by C. nicotiana. Fusarium oxysporism cayses wilts and
F. moniliforme and F. solani cause root rots. Red rot of sugarcane (C. faicatum), tipe fruit rot

. & dieback of chillies (C. capsici) and Anthracnose of Bean (C. lindemuthiarnum) are'the important
dieseases caused by Collefotrichum. - ' .

14.13. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in ahout 30 lines each.

1. Comment on the reproduction and reproductive s;ructhsél Deuteromycotina.

2. Discuss variobs steps in parasexuality.
- I Answer the following quéstio’ns in about 10 lines . -

-

2, Write briefly about the econothic importaiice of Deuteromycotina.
3, With the help of diagrams describg}

1. Write briefly about the classification of%ugromycotina;

' tructures of sporodochium, acervalus and pycnidiun.
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5.1. OB VE I L
15.1 0 JEC'I:I S SN |

By the end of this unit you will be abl€ (o \

1. describe and differentiate t Q elpful activities of fungi from harmful activities, _

2. describe the role of fungi in 1cine, T S '

3. list out various fungal species that are useful in the preduction of alcohol, bread, enzymes, or-
ganic acids, gibberellins, cheese, vitamins etc and ' T

4. list out the fung that are edible and also useful in the preparation of some food iteins:

e - and - 4

T

15.2, INTRODUCTIQN _ o o

—— —
e e b ER :

Several species of fungi are economically important to human beings. man is being benefited
by these organisims both directly and indirectly. Fungi play an important role in agriculture, medicine
and industry. Fingi also spoil our day today goods such as food stuffs, lclothes, rubber, leather, paper
wood etc. The fungi are known to cause diseases to human beings also. Some species of Asperillus
cause human diseases which are collectively called as Aspci*gi]loéeq (e.g., Aspergilloses of lungs,

external ear €tc). Many fungi belonging to Denteromycetes live in the mucous membrane of throat, |

bronchii and lungs. Some of the well known skin diseases such as rig g worm, barbers itch are also
caused by some fungi, - ’ ! : ' '

Some chemicals produced by'fuﬁgi are toxic to human beings, .glapts and poultry. These toxic -

chemicals are called mycoioxins, which are usually produced. on stored grains and other food .
products. Aflatoxins are most important substances produced by Aspergilius flavus and Aspergillus

Parasiticus. Groundniits and’ their products, cotton seeds and copra are the ‘most favourable

substrates for Aflatoxir production: Aflatoxins are assumed to be one of the causesof cancer. Other - .

important mycotoxins are produced by the species of Penicillium, Pi homyces and Fusarium. The

role of fungi in different areas is dealt with clearly below.

-



15.3. ROLE OF FUNGI IN AGRICULTURE

Our country is mostly agriculture dependent. Fungj play both positive and negative roles in
agriculture. The harmful activities are more than the belpful activities.

153.1. Helpful Activities

_ Some of the saprophytic fungi in the soil decompose the dead material of animals and plants.
The enzymes secreated by these fungi convert the fats, carbohydrates and nitrogen compounds of
the dead animals and plants into simpler compounds such as carbon dioxide, ammonia, hydrogen
sulphide, water and some other nutrients in a form available to green plants. Some of them will be
in the soil to form humus and the remaining go intd air where they can be used up as raw material
for food synthesis. By liberating carbondioxide these fungi participate in maintaining the never
ending cycle of carbon in nature. The carbon dioxide is very important for green plants in the
preparation of food materials by photosynthesis. '

Some fungi are in symbiotic association with the roots of certain plants. Satisfactory growth
of the plant can be observed only when the specific fungal partner is present inside the roots of the
~ plants. This type of association of a fungus and plant is called mycorrhiza.

-

Some fungi are in symbiotic association with the roots of certain plants. Satisfactory growth
of the plant can be observed only when the specific fungal partnenjs present inside the roots of the
plants. This type of association of a fungus and plant js called ﬁ@'rhiza. o

Some nematodes are known (o cause servere Io‘ssgricu]tural crops directly and some
transmit certain disease causing viruses also. A few fungi (€8.,Dactylaria) are known to destory the
nematodes. These predatory fungi produce mycelial 10gps. When the nematodes pass through, these
" loops get tightened up to catch the nematodés.AThen the fungus sends special hyphae info the
nametodes to absorb the nutrients from t%(l:l L 15.1).

Fig. 15.1, Predacious fungus. A-C. Different stages in caiching the nematodes by the fungus.
1. Mycelial hypha. 2. Hypha! loop. 3. Nematode. 4. Strangulated nematode. 5. Haustorial hyphag.

Pythium is known to cause damping off disease in the seedlings of certain crops. Certain fungi

such as Trichoderma and Gliocladiun are known to inhibit the growth of Pythiton ini soil. I this way
certain fungi setve to suppress the growth of disease causing fungi. :

" 15.3.2. Harmful Activities

Several fungiare known to.cause severe crop losses by causing diseases. About 20,000 diseases
of crop plants are known to be caused by fungi. The fungal diseases of crop plants have become a
major problem for the agricultural farmers. The scientists are seriously trying to develp special

techniques . and chemicals to control these discases. Some of the-economically important diseases.

of crop plants are given below.
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Damping off of Seedlings

Damping off has been recognised as a definite disease resllsonsiblc for poor germination of
- seeds and the death of seedings in nursery beds. The young seedlings:may be killed before they reach
the surface of the soil or after they emerge form the soil. Manyi' kinds of plants are attacked by
damping-off. They are tobacco, mustard, beans, peas, tomatoes, cotton. etc., Most common fungi
responsible for the damping-off are Pythium, Phytophthora, Fasarium, Rhizoctonia, Sclerotium and
a few others, i ‘

|

Downy Mildews

These diseases are characterised by leaf spots of various size's and shapes. On the lower side
of these spots downy growth appear on the petioles and stems in so he cases. The affected plants are
generally weak and show stunted growth. The downy mildews are generally caused by the species of
Sclerospora, Peronospora, Plasmopara and some other genera. The Plants generally affected by this
disease are bajra, Jowar, maize, peas, curcifers, cucumbers, grapevines-etc,

Wilts ;

Wilting of plants can occur in all stages of plant growth. When the plants are attacked by wilt
pathogens the growth of the plant ceases. The lower leaves shrivel and wither away. This is followed
bythe death of the plant. The important wilts are wilts of cotton, flax, banana, cicer, pigeonpea, pea,
tomato etc. The cansal organisms of wilts are species of Fusarium and Verticillium.

Powdery Mildews ’

The disease first appears on the leave@ spreads'to other green areas. This disease is. -
characterised by the formation of white ﬂg?xpat,ches on the uper side or both sides of the leaves,
pods, and stems. The loss of crop depends on the disease intensity. The powdery mildews are
generally caused by species of ErysipHte.Uncinula, Podospheria and' Phyllactinia are also known to
cause powdery mildews. These ngi attack different crops such as barley, beans, coriander, turnip, .

* cabbage, pumpkins, potato, suhflg r, mango, castor, grapewine, apple, dalbergia, teak etc.

Ergot of Gramjgaceous Plants

Ergot disease has beei recorded on i-yc, oats, barley, jowar, bajl’ra, wheat, sugafcané and some
other grasses. This disease is of worldwide occurrence and it is ca_usied by Claviceps. The'infected
kernels are transformed into thick horny structures.- The consumption of these diseased kernels
<auses ergotism in man and cattle. This disease resuits in nervous breakdown, Pregnant animals
suffer froni abortion when they are fed with diseased crops. !

Smuts

The smut-diseases are caused by Ustilago. The crops which are generally affected are wheat,
‘barley, sugaréane, oats, maize, sorghum, bajra etc, Every head of the affected plant may be converted

into black mass of spores with no grains, In some cases the ears may remain shorter. They may be
usually retained within the sheath for a long time or some times fail to] emerge atall, ~
Rists - - ' ’

The rust diseases cause severe Josses to wheat, barley, oats, rye etc. The rust diseases are
caused by several species of Puccinia. The disease first appears as elongated brown pustules on the
leaves, leaf sheaths and stalks of the plants. The pustules turn toblack colour.in the later stages. The
rust fungus has a marked effect on the Physiology of the plant, Transpiration and respiration are
increased agd translocation of carbohydrates is retarded.- | :

-
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Wodd Rotting

The members of Polyporaceae such as Polyporus, Coriolus, Poria, Polystictus, Fomes, Daedaka

- and Lenzites destroy wood and timber of Dalbergia, mulberry, oak and other trees. There are two

" types of wood rotting —brown rot and white rot. In brown rot only cellulose destruction takes place

and in white rot only lignin destruction takes place. Wood rotting fungi produce several enzymes
which help in the degradation of wood. )

Check Your Progress - 1 &2

1. What are predacious fungi ? - :
» What is the characteristic feature of powdery mildews? Give some examples.
Note: (a) Write the answer in the space given below.

(b) Compare your answer with the one given at the end of this unit,

15.4. ROLE OF FUNGI IN MEDICINE

Some fungi are known to produce organic substances which inhibit the growth of certain other
microorganisms. These are called antibiotics. These antibiotics have gained a high popularity
because of their extensive use in disease treatment. The production of antibiotics by fungi was first
discovered by Alexander Flemming in 1929. He discovered Penicillin, the wonder antibiotic, which
is produced by Penicillium notatum. Penicillin kills several bacteria and it has no harmful effects on
the human cells. Penicillin is now produced commercially all over the world from imporved strains
of P. notatum and P. ‘chrysogenum. India is also producing penicillin commercially in a factory at
pimpri near poona ir Maharashtra. '

‘The limited use of penicillin against the vast number of discases madé the researcherstosearch
for other antibiotics. This search resuited in the discovery of several other antibiotics. Fumigallin
from Agpegillus furnigatus inhibits certain phages and amoebae. Griseofulvin, another antibiotic
from Penicillium griseo ,is used against the skin diseases such as ring worm and athletes foot. This
antibioticinterferes with the wall formation of the disease causing fungi. Consequently the pathogens
gease to grow. The compound accumulates i skin and hair when taken orally and so it is effective
. against skin diseases. A mixture of Alkaloids from Claviceps purpuréa (causal organism of ergot of
rye) is highly poisonous. This is used to control bleeding during child birth, Clavacin, a substance
extracted {roga Clavatia, prevents stomach tumours. :
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Check Your _Progres:s -3

What are the important antibiotics that are produced by fungi? Name the source organisms,

Note: (a) Write the answer in the space given below, :

|
(b) Compare your answer with the one given at the end of this unit.
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L

I
............................................................ e,
............................................................ b
O R
........................................................... U

R
...................................... R R
155. ROLE OF FUNGIININDUSTRY. | o

Fungi are used in industries for several purp@ The biochemical activities of several fungi
are used for the porduction of various industrducts. Most impportant among them are given
below. . |

e
15.5.1. Brewing and Bakingggn' ries '

. Yeasts are used inboth the brewing and baking industries to convert sugar into carbondioxide
and ethyl elcohol. Alcohol i@aﬁ; product in brewing and wine making industry, where as*
carbondioxide is a’ valuable prodfct in baking industry. An enzyme ‘complex called zymase is
secreted by yeast. Saccharomyces cerevisige is the yeast commonly employed. This enzyme complex
converts sugars into alcohol and carbondioxide. Instead of sugars, starch is used as a substrate in the
production of industrial alcohol. In this case other fungi such a Mucor and Rhizopus are used initially
for the conversion of starch into sugars. In the second stage, i.e., in the conversion of sugars to alcohol
and carboadioxide, yeasts are used. ‘ ! '
_ |
15.5.2. Enzymes :

The enzymes such as digestin; taka diastase, polyzime, which are used for dextrinisation of
starchand desizing of textiles, are produced by Aspergilius only. The énzymes, amylase and invertase,
are extracted form Aspergil{us and Saccharom yces, rcspectfvely. .

15353, Organic Acids

Several organic acids such as oxalic acid, citric acid, gluconic acid, gallic acid and fumaric acid
are produced commercially as fermentation products of Aspergilius and Penjcillium.

15.54. Gibberellin;’

Gibbere,l]in‘is usedto accelerate the growth of several hortii;ixltli;ral and some commercial fruit °
.crops. This is'produced by a fungus called Giboerella fujikuroi. -

-
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15.5.5. Cheese

Certain species of Penicillium (P. camemberti and P. rogueforti) are used in the ripening of
cheese in cheese industries. This is a big industry iu foreign countries.

- 15.5.6. Vitamins

“The dried yeast or yeast extract which s rich in vitamin B-Complex is being sold. in the market.
Some moulds and yeasts are also used in the synthesis of ergosterol. This is a precusor to vitamin D,

Check Your Progress - 4 ' -

What are the fungi that are used in the conversion of starch to alcohol in the brewing & wine
industries?

Note: (a) Write the answer in the spacs given below. -
(b) Compare your answer with the one given at the end of this unit,

15.6. EDIBLE FUNGI Ow

Several mushrooms {4garicis bf@‘) puffballs, morels (Morchella spp.) and truffles are
edible and they are grown commercially in several western countries; in north India they are becoming
popular now and slowly expanding to south. These fungi are used in the preparation of different
types of food stuffs. e.g., mushroom Pizza. These are rich in proteins and vitamins.

In addition, in countries like Indonesia, China and Japan, many foods are fermented with the
help of fungi and these are extremely popular. ‘For instance, ‘Tempely’, which is ‘an important food
for millions in Indonesia, is prepared by fermenting soyabeans with Rhizopus oligosporus. In Japan,
‘Miso’ is prepared by fermenting soyabeans with dspergilius oryzae. ‘Shoyw’ is another preparation
made from soyabeans fermented with A. oryzae or A. soyea. In China, rice is fermented with the help
of Monoascus purpureus and the pigment produced by the fungus give a typical red colour to the rice.
This preparation is known as red rice or ‘Ang~kak’. -

15.7. SUMMARY

Fungi are active decomposers of organic waste products in soil. As symbionts they help in
the growth and health of plants. They also cause enormous damage to many of our crop plants by
inciting diseases like wilts, damping off of seedlings, downy mildews, powdery milq:leivs, ergot, smuts
and rusts. They also cause wood rotting of timber yielding plants. Fungi 2iso produce mygotoxing
which are harmful to humans and certain animals; Aatibiotics such as penicillin are produced by fungi
and these are helpful in medicine. Many fungi are employed in the industrial production of some



enzymes, alcohols, organic acids and gibberellins. They are also uscful in cheese ripening, brcwmg

and baking industries. Some fungi are edible and some-are cmployed in the fermentation of certain . -

food products.
\

15.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1 Tﬁe fungi which feed on animals are called predacious fungi.

2. The formation of white floury patches on the upper side ot on both sides of the Yeaves, pods and
stems is the characteristic feature of powdery mildews. The examples for powdery mildews are iL
thc species of Egmphe Uncmula, Podospheria and PhyHactm:a i )

_ 3. Penicillin, Fumigallin, Gnseoﬂllm are the important antibiotics produced by fingi. Pemci']hn is
produccd by Penicillium notatus and P. chrysogenum where as P. griseofulvum produces grlseoful-

* vin, Aspergillus firnigatus produces fumigallin.

4. Inbrewing and wine makmg industries Mucor and Rhizopus are usled for the conyersion of starch-
to sugars and Sacclaromyces cerevisiae the commonly employed yeast for the conversion of sugars
to alcohol.

. 15 9. MODEL EXAMINATION QUESTIONS

L. Answer the following questions in about 30 lmes\&@ ;

L. Comment on the harmful activities of ﬂ@
2, Discuss in detail the role of fungi in stry and Mech;:ine.
II. Answer the following questions ij @a out'10 lines each.

1. Write briefly about h ctivities of fungl i Agriculture, .
2. Write briefly about tha:ﬁ?f fungi in medicine.

3, Discuss briefly about the role of fungj in Industry.
4. Write briefly about the helpful activities of fungi in Agriculture.
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16.1. OBJECTIVES

By the end of this uait you will be able to:

1.
2,
3.

NS e

hst out the places of occurrence of lichens,

describe the-ecological significance of lichens, _
name the two different organisms symbxotncally associated in hchcns and also hst out the possible
benefits for the mycobiont as well as phycobwnt,

- distinguish and differentiate the ascolichens from basidiolichens,

describe and diffcrentiaté the crustose, foliose and fruticose lichens,
describe the ipternal structure of and reproductory mechanism in lichens, and
describe the economic importance of lichens:

16.2. INTRODUCTION",

Two separate plants, a fungus and an algae, live in ‘an intimate association and it gwés the

appearance of a single plant. The licheas as a group are unique in the whole of plant kingdom. The
thallus of a lichen is formed due to thie symbiotic cohabitation of two organisms, The thallas shows.
specific features of morphology, physiology and anatom:: which peither of the. compgnents can
separately exhibit. The fungal partner usually embeds the algal components.. The combined growth

of the two partners forms a structure. Lichens are rcoogmscd a3 a class distinct from an algae and
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16.5. BIOLOGY.OF LICHENS ' B

fungi. Some hchcnologlsts feel that the bmonual name should be'ngen to the algal and fungal
components. Some mycologists (Aquopoulo% 1952; Bessey, 1950; Martin, 1950) opined that the
binomial name be applied to the fungus portion, In fact some authors included them under the
division - Eumycota {Webster, 1970) \ i '

163. OCCURRENCE o | \

: —

A wide variety of habitats are known to support the growth of lichens.. Various soils, rocks,
bark, leaves etc. are the common substrates for their growth. =Lichens can survive in extreme
conditions of tropics to the arctic cold. Most of the lichen species show habitat specificity.” For
example, we come across conspicuous differences in the compos:tlon of lichen flora of igneous rocks
and limestone. Their adaptability to extreme conditions is specific and characteristic. However,
some like Cladonia rangiferina (reindeer mOGS) show lwruriant growthiin clumps of 1510 30 ¢m height
in the arctic tandra, Luxuriant growth of lichéns is also seen in the lroprcal rain forests. Lichens that

" occur on leaves and tree bark show better growth when moisture is abuadant (e.g. Ramalinia

reticulata). They also colonise surfaces of glass, asbestos etc. Lichens are mostly found in natural
areas away from the crowded cities. Some are very small in theif size. They vary from a few
millimeters to a few centimeters. Their consplcuous absence in and around the large cities might be

‘dueto their inability to withstand the effects of air pollution. Most hchens are sensitive to atmaospheric
‘pollution such as smoke, exhaust fumes, SOz etc. Thus, they can be used as indicators of

atomospheric pollution (e.g., Leconora.conyzaeoides). |

16.4. ECOLOGICAL SIGNIFICANCE ({FHCHENSEE

N i

Lichens are known as pioneers of eco@l succession. Soﬂ formation on bare rocks by,
Lichens is well known. When lichens growxon therrock substrata they disintegrate the rock beneath. -
The limestone rocks are almost dissolvéd”“Here, the lichens are endolithic {vegetative cells

embedded in the rock). The other of ocks are dlsmtegrated mcchamca]ly in a slow process. .
The gelatinous lichen thallus by its ex nsion produces stresses and strains on the rocky substratum.
The rocky particles are thus p by its disintegration. After thc death of lichens, its decayed

remains and the rocky particles‘ipifiate the. process of soil formatlop The newly formed soil now

becomes a better substratum for other types of plants. Mosses are generally the first succéssors. At
a stage when soil formation continues, the soil is inhabited by other vascular plants. -
. _ : ;

The algal component in a lichen is usually called phycobion!t: and the fungal component as
mycobiont. The mycobiont is the dominant member of this symbiotic association. The morphological
form of the lichen is controlled by the fungal component. Though, the relation between the fungus
and alga are described as symblotlc, controversy exists in this matter, According to some, lichenis .
a fungus, parastic totally or in some part of its life cycle Apart from the-algal host it also interacts
with the substratum which may be organic or inorganic, Evidence for its parasitic nature is that the
furigal haustoria in many lichens enter the cells of the algal host. Somc others feel that this association

s of a symbiotic natvre. In this partnership (consortium) the fungus: absorbs the necessary moisture

and also retains for the necessities of the consortium. The algal cells produce photosymhetu.
carbohydrates that are sufficient for both the partners. Since this partncrshlp is mainly at the expense
of the algal partner this symbiotic refation is called helotism (Master- servant relationship). The
lichen thialtus grows well in high humidity, cool temperature and low light intensities. Optimum

~ moistune of the t.ha]lus.favours photosynthesis and respiration ‘of algal cells. The thalli, may require

4—8years to mature and reproduce by the ascospotes. 'I‘hus, thc growth rate is vcry slow- increasing:
oﬁly one or two m:ll:metcrs annually : '

:I
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'16.6. THE LICHEN COMPONENTS

About 33 algal species are known to associate with different lichen thalli. Of these, 21 belong

4 to Chlorophyceae, 11 to Myxophyceac and one toXanthophyceae. Most of thése algae are ynicellular

and some are filamentons. The common genera associated with lichens are Trebouxia, Protococcus,
Trentepholia, Chlorella, Gloeocupsa, Nostoc, Stigonemna,* Rivularia and others, The mycobiont _

{fungal component) most commorly is an ascomycete or rarely a bastdiomycete, Among the

Ascomycetes, the Discomycetes are the most common mycobionts. -Among the Basidiomycetes,

', Agaricales are common fungal partners. As mentioned earlier, the phycobiont is primatily

- photosynthetic and the mycobiont is engaged in the formation of the vcgetatwc body.

16.6.1. Possible Benefits for the Mycobiont

Thac the fungus in the lichen association gains nutritionally from the alga is widely accepted. '
The vitamins necessary for the fungus are produced by the algal partner. The nitrogen fixing
phycobionts also benefit the mycobiont. Photosynthetic products from the alga are transported to
the medullary region of the thallus. Then, these are absorbed by the fungal partner.

16.6.2. Possible Benifi {s for the Phycobiont

The algal partnerisata d:sadvantagequs position as it cannot reach its maximum :ate ofg growth
and reproduction since it is unable to wtilize all the metabolites produced by it. Weather it geis any
benefit out of the assqciation is doubtful, However, due to this association the phycobiont is able to
inhabit the extremely difficult environments. 0

Check Your Progreqs -1 )
Write oriefly about the mycobiont and a phycobiont. Q

Note: (a) Write the answer in the space given be
" (b) Compare your answer with the en at the end of this unit.

R AR e Q} ............. e PO

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

16.7. CLASSIFICATION

' The lichens are considered as specialised organisms and are grouped inthe class  Lichens. -
This is divided into two sub-classes : Ascolichens and Basidiolichens. '

16.8. ASCOLICHENS 4

.In these lichens the mycobiont is an ascomycete.. Exept the four genera of Basidiolichens, all

-others are Ascolichens. Many Ascolichens have leathery thallus. In few others the thallys is

gelatinous, Internally, the algal component is restricted to a portion of thallus. In gelatinous thalli
. both the partnexs show uniform distribution in the gelatinous matrix (Fig. 16.1). ‘
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Fig. 16.1. Diagram showing the uniforn distribution of both the partners. 1. Ascogoniumi.

16.8.1. Morphology

Based on the morphology, lichens can be o$into cristose, foliose and fruticose lichens
(Fig. 16.2). Some Ascolichens are crustose wi@sely adherant flattened thaltus (e.g., Lecanora)

T

= .\

L

Fig. 16.2. Different types of lichens. A. Crustose. B. Foliose: C.'Fruticose.



Some others are foliose, ét"tacl_ied to the substratum by some outgrowths cafled rhizines (e.g.,

Parmelia). Rhizines grow from lower surface. These m_ayvbe-a' bypha or hyphal tufts.- Fruticose

ascolichens show branched  cylindrical or ribbonlike thallus which is pendent or erect (e.g., Usnea).

. - They are basally attached to the substratur. We also come across intergrading forms of the above
degeribed thalli in Ascolichens. ' :

16.8.2. Internal Structure

Internally four tissues.can be distinguished in the foliose lichens (Fig. 16.3). The upper part

of the thallus shows vertical hyphae with. or without interspaces and is known as upper cortex.
Interspaces have a gelatinons substance. The algal layer is found below the upper cortex. In this

- Fig. 16.3, Internal structure of li_chens. A @ el section of a fofiose tichen. B. Showing Isidia. C. Showing
Cyphella. 1. Upper cortex. 2. Gonil:lia]ll 3. Medulla. 4. Lower cortex. 5. Isidia. 6. Cyphella.

layer the hyphae are intertwiried with the algal partner. Earlier, the algal layer was misinterpreted
as a layer of reproductive cells called gonidia. The algal layer is still erroneously called by some as - * -

* gonidial Iayer. Medulla is the zone that is found immediately beneath the algal layer. This is a regiop
of loosely arranged hyphae. The lower cortex of compactly interwoven hyphae is below the medulta.

Rhizines grow from beneath the lower cortex. In the fruticose lichens the thalli show an outer cortex, -

an algal layer and a medullary tissue.

Other sti uctures found in the thalli of foliose and fruticose lickiens are breathing pores. These ‘
are found in localised regions of cortex. The pores facilitate gaseous exchange, They mayoccuron

the upper or lower cortical areas. Cyphellae (concave circular- dépre$iom) in the lower cortex of

foliose fichens akso facilitate geseous exchange (Fig. 16.3.). Isidia(small corolioid outgrowths) arise .
from the free surface of the thallus in many lichens. These structures show the same algal layer

surrounded by an ‘external cortical layer. A rupture in the fipper cortex is followed by isidial
development. The rupture is accompanied by the protrusion of the medullary pyphae beyond the
place of rupture. Isidia are probably produced to increase the photosynthetic area of the lichen body.

They might also Telp in the vegetativ reproduction when detached from the thallus. Algal cells and. _

fungal hyphae may arrange themselves in the form of internal and/or external galls called cephalodia
The algal cells in the cephalodia bélong to a different taxon and not the one that is present in the

lichen thallus. Thus, the cephalodia differ from isidia. The same alga might be present 4n the
~ "' cephalodia of different populations of a species. ’ '
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16.8.3." Vegetative Reproduction
In many lichens, as-in the fliverworts, the margial growth

of the tballﬁs is followed by

]

degeneration and death of older thallus portion, Continued growth of the thallus and death of some °
cells result in a number of thalli. Any portion of the thallus containing both the symbionts, by _!‘
accidental sepdration may develop into a new thallus (e.g., Ramidinareticulata). Isidial outgrowths

also form new thalli when they break.away from the thallus.

Sovedial method of:végetaﬁve reproduction is the most common. Soredia are small and like |

outgrowths. they arise on-the upper portion of thallus. In this, one o:l-: few algal cells are surrounded
by funga? hyphae. Thallus portidns consisting of soredia are called Soralia In the algal layer with
breaks in the upper cortexone ot few algal cells are enfolded by hﬁghac and develop-into soredia.
The undeslying hypha elongates and pushes the soredium outside the thallus. They ate cut off from °

wi
i

_the thalhis easily and carried by wind: ‘When it falls on a suitable substratum, it develops into a new

thallus. During unfavourable conditions the thaltus forms many sorcdia. These résult into soredial

dust and form a cating ori the substrate.
16.8.4.  Sexiial Reproduction _
In‘AsoQﬁchepg; spores (ascospores) are frequently ‘plrloduc

1

- P

>d by the mycobiont. Sexual ‘

reproduction it Ascolichens moré or less resembles the pattern déscribed in Ascomycetes. They .

produce either perithecia or apothecia,

16.9. BASIDIOLICHENS

\ .
In Basidiolichens thete are four ge .\“ﬁll,the foulr mycobionts belong to the
family-Thelophoraceae undér the order Agarilcales. .” The phycobiont is.a cyanophycean member.

It may be filamentous (Scyronema) or (
tropical in distribution. Barten soils, rocksior trees are the common

169.1. Morphology N\

it is attached through rhi¥ines in lateral position (Fig.16.5).

' Fig. 165.A

]

idiolichen.

substrates for them.

filsmentous (Chroocofcus). The Basidiolichens are -

Cora pavo_nia'is the bes@?m Basidiolichen. It is found in Central and South America. It
inhabits bare soils and treds. Therhighly lobed thallus is often mistaken for bracket fungi. Omtrees |
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. -What i$ the main difference between Ascolichen & Basidiolichen ?
; .

" Note: {(a) Write the answer in the space givenbelow. ©

K

16.9. 2 Sexual Reproduction

Séxual reproduc&on in basnchohchcns resembles that of Basldlomycctes. Bas:dmllchens
produce ba51d10carp . ,

Check Your Progress -2 - : : . S

i {b) Compare your answer with the one given at the end of this unit,
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16:10. ‘ECONOMIC IMPORTANCE OF LICHEI,\{S\}

Cladonia rangiferina (reindeer mass) is tﬁe on-ly sf food for reindeer and cattle in the

” tundra wintér. Many lichens are of importance in sypplying food for man and beast. The food is

starch or sugars or saccharine. 1n some countries (Scgndinavia, Russia etc.) spirit is distilled from

Cladonia rangiferina. This lichen is used when es become scarte and costly. Food for human

consumption (lichen bread) is derived fi Lecanora esculentus .(M_anna fichen) and Cetruria
islandica (Iceland moss). This is widely u%thé orient, North Africa and in the Northern Tundra
due to its high carbohydrate content. It is alsothe initial product in the alcoho] industry. Some Tichens
are also known to be the source of gum.

Some lichens are of medicinal_.valua. Peltivera canina (the dog lichen) yields compouhds
which are used to cure hydrophobia. Ptatysma juniperinum. is specially used in jaundice. A few
lichens are found effective in alchemy. Different species of lichens produce usnic acids. These are

used as antibiotics in curmg some skin dlseascs Usnea barbata was found useful in uterine troubles‘ ‘

r:ght from the" days of Hlppocratus ‘Usnea largissima was used’ by Chinese to ¢ure cough as af”
expectorant. The Malayans still use Usnea as a tomc for colds. Loberia pulmonaria is used against
-pulmonary diseases and tuberculos:s - v

Some species of Umbilicaria, Cetmria, Ct'adOr:ia,-Pémtélia, Usnea etc. yield psoronicacid -

which was first used by Japanese in-the treatment of cancer due to its antitumour activity.

Fungal ceil walls of some lichens (hoceﬂa, Lecanora) yield some dyes "Orchil*is one such dyc.

whichis used in colouring woollen and silk textiles, Owcin is a purified product of orchil. Thisis used
as a staining material for mlCIOSCOpIC studies. Litmus dye is obtained from Rocella tinctora and R.
montognie and with this litmus paper is produced. ~ -

Some lichens-are used as p:cccs of art Gardeners often use Cladom'a stellaris in the
arrangement of flowers. '

In France valuable pcrfumcs are extracted from Evema pnmacm Some species of Usnea,
Ramalina and Cladonia are also used f0r perfume productlon

- -
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Check Your Progress -3
What is the microbial stain that is extracted from lichens ? Name the source ofganisms.

Note: (a) Write the answer in the space given below.

’

(b) Compare your answer with the one given at the end of this umt
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16.11. SUMMARY | :

4 ’ .|' -

A lichen is an association of an algal (phycobiont) and a fungal (mycobiont) partner One
alga and one fungus come to live together as a single plant symbiotically and due to this association
they can thrive under extreme cold or hot climates. The fungal partner has been the guiding principle

/in the classification of lichens. They are broadly divided into 2 sub classes: Ascolichens and

Basidiolichens. The lichens show characteristic features of external structure and internal
organisation. Vegetative, asexual and sexual methods of reproduction are found in the lichens.
Lichens are mostly useful to man and animals as a x@ of food. They are also useful in medicine.
The dyes obtained from some lichens are of @use in colouring the textiles and as microscopic
stains. - : :

16.12. CHECK YOUR PRO?RE@ MODEL ANSWERS

1. Inalichen, one alga and o gus live in symbiotic assocnatlon The algal component is called
phycobiont and the funga ponent is called mycobiont. - .

2. The main difference between an ascolichen and basidiolichen lies in the fungal component. The
fungal component in ascolichen is a member of Ascomycetes where as in a ba51d1011chen it isa
basidiomycete. .

3. Orcin is-the mlcroblal stain that is extracted from lichens, Roce!la & Leconora are the SOUrce

A R R T L L Tl £ T T P MR CE Iy, i
orgamsms -

16.13. MODEL EXAMINATION QUESTIONS  : .

I Answer the following questions in about 30 lines each.

1. Givea general account of hchens

PR

II. Answer the following qnestrons in about 10 lines each, A

* 2. Write an account of the morphology, internal structure and- reproductlon in Ascohchens

1. What are the morphologlcal types of lichens? Write: bneﬂy about them.
2. ‘Write about the nature of lichens. ‘ o ' ' —
3. Discuss about the economic importance of lichens. u -

“- 4,” What aré thé possible benefits for the mycobiont'as well as thle phycobit;rtt?
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UNIT — 17 : GENERAL ACCOUNT OF BACTERIA
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' 17.1. OBJECTIVES e ~
‘ . : ] N -
By the end of the unit you will be able to: ‘ ﬂ?‘

list out the places of Gecurrence of bacteria, ' )

describe and differentiate cocci, bacil%spirﬂlum

comment on the size range of different types of bacteria,

describe the locomotion in bacteria and also the- organellcs that are useful for locomotlon, )
describe the staining procedure divised by Gram in 1884, . ~
describe the internal structure of bacterial cell and ﬂagellum, ) -

describe the mode of nutrition in bacteria, . :

differentiate the terms aerobic respiration and anerobic respiration,

. describe the various types of asexual and sexual reproduction and

10 list ont the bactéria which are economically useful.

I I o

17.2. INTRODUCTION

In 1675 Anton Van Leeuwenhoek a Dutch lens maker, described bacteria for the first time
using his simple nucroscope Thése microorganisms received much attention only when Louis
Pasteur (1864) and Robert Koch (1876) reported that they were responsible for certain diseases.
Very extensive work has been carried out on various aspects of bacteria in the recent past. As such,
it is now considered as a separate branch of science called baeteriology.

17.3. OCCURRENCE

Bacteria are present everywhere in the world, They livé in-all types of soils, in fresh and salt

waters, air, food and also on all types of material. Some are deadly parasites of plants as well as

¢
£
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174. SHAPE =~ S

animals. Some of them live peacefully as syrqbi&ﬁc organisms in leguminous plant roots or as.
commensols in ruminant animals. Most of them are saprophytes and help in active.decomposition of
dead organic matier, : : :

Y

.Bacteria differ in thelr morphology and there are four differént shapes of bacteria— spheres,
rods comma-like and spirals (Fig. 17.1). The shape of some of the bacteria may vary depending upon

the changes in the environment, age and nutrition. These bacteria whigﬁ: change their shape are called

pleomorphic bacteria (e.g., Acetobacter) (Fig. 17.1). j

Fig-. 17.1 Shapes of bacteria: A Micrococci. B, Diplococei. G- Tetracoeei. ). Streptogoceus, E. Sarcinae. -
= F. Staphylococeus. G, Bacilli. I1. Diplobacil. 1. Stroptobacilius, 3. \ ib dios. K. Spiriflum. L. Acciobacter. -~

The spherical bacteria are usnally round. They may be sometimes slightly oval or suppressed
onone side. These are called cocel (Singular-coccus). There are different types of cocci: micrococck
(whea they occur singl§), diplococei (in pairs) tetracocci {groups of four), streptococci (in chains}),
staphylocoeci (in°clusters) and sarcina (in cubical mass) (Fig. 17.1 A-F)

The rods are usually cylindrical and straight or slightly curved with more or less round ends.
The length and width ratio changes from species to species. When the length-width ratio is more,
they appear like long cylindricel structures and when it is less they look like spheres. The rod shaped
bacteria are called bacilli (Singular-Bacillius). As the rods can divide in only one direction, i.e., right .
angles to the long axis, there are only 3 possible arrangements of cells. They are microbacillus (single),
diplobacillus (in pairs) and streptobacillus (in chains) (Fig. 17.1 GI)., B “

. The comma-shaped, ﬂagclfatéd; short curved forms are ea]llifad vibrios. The vibiios have

flagelta at one end only (Fig. 17.1J). - o ©
- : |

Like a cork screw, some of the bacteria have 1-5 twisted spii'é\ls. These bacteria are called

spirilla (singular-spiriflum). The spirilla are larger-than cocci and bacilli (Fig. 17.1 K).

¥ -

b
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'17.5. SIZE

- — . _.- T g =

Bacteria are very smll microscopic drganisms. A single drop of bacterial suspension usually g

contains 50 million bacteria. The size of the bacteria varies from one species to another. Their size
usually range between 1 to 5 microns {1 miicrin o w15 equal to 1/1G60 of a millimeter). The cocct
range from 0.5 to 2,5. j« in diameter and the bacilli range-from 0.3 to 15 j inlength and 0.2 to 2kin
width. The Splnlla range from 10-15. . m length and 0.5 to 3 in diameter. '

17 6. FLAGELIATION AND LOCOMOTION

Bacteria, especxally rod shaped bacteria, move rap:dly They move with the help of halr like .
thin structures called flagella. All cocci and some bacilli are ‘without flagella and so they are not
motile. The number of flagella and also the position of them vary from species to species: Some special

stains and staining procedures are necessary to see bacteria and their flagella. The bacteria-may be
atrichous (without flagella), monotrichous (single flagellum at one end) amphitrichous (one .
flageilum at each end), lophotrlchous {a'wlt of Flagella at one- end) and penmdmus (mort, flagelia
all around thc ccll) (Fig. 17. 2) '

" Fig. 17.2. Flagellation in Bacteria. A. Atgichous. B Monotri-
chous. C. Amphitrichous. 1. Lophotrichous, E. Pezitrichous. -

Check Your Progress -1 &2

1. Howdo you differentiate streptococcn from staphylococa ?
2. What is the important difference between amphitrichous and lophotrichous bactcna ?
Note: (a) Write the answer in the space given.below. -

{(b) Compare your answer with the on:j: given at the end of this unit.
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17.;7.*STAINING L |

. Gram (1884) devised a simple staining pr,ocedure to obscrv. and to identify the bacteria to
50111@ extent and it is known as Gram Stammg. oo .o b i :
" /

In this procedure, the crystal violet solutlon is added to the bacterlal smear on a slide-and kept
for 30 sec. (The crystal violet is prepared by dissolving 2 gm of crystal violet in 20 ml'of ethyl alcohol).
The dye is washed off with water. It is then treated with an aqueous[solutlon of iodine (1 g ofiodiné
and 2-5 g-of potassium iodide in 300 ml of water) for 30 sec. The lodmc solution is also washed off -

with water. At this stage "the bacteria appear purple Then it-is- washed with 90% ethyl alcohol. Fhe © _

bacteria which retain the purple colour after treating with alcobol aré gram-positive and those which '

are discolourised are -gram-negative.. 'I‘o study the gram-negative bactcna it is necessary to ad
safranine to the smear, .

10

Fig.ll'l?.3. Fine structure of bacterial cell. 1. Mucilaginous sheath. 2. Cell wali. 3. Plasma membrane. 4. Nuclear.
material. 5. Basal granule. §. Flagelluny. 7. Food granules. 8. Polyribosome. 9. Mesosome.  10. Pili.

™

17.8. CELL STRUCTURE

As the bacteria are very small, it is very dlﬂ'icult to study the chlular details, As such, the fine

-F

structure has been studied by electron microscope. Like other plant cells the bacterial cells are also -

composed of the cell wall, cytoplasm chroniatin material, vacuolcl-,s and globules.(Fig. 17.3). Thc
bacteria differ in being prokaryotic and in this respect they rcscmble blue-grccn algac )

The cell wall protects the living protoplasm. Itisinert and rigid though clastic, It gives a definite

shape to the bacterial cell. The cell wall of bateria is different from the celf wallof the rest of the

plants. It is made up of mucopeptide but not cellulose. Mumpepude isa polymcr of alternatmg\umts K

‘of two. aninG, suga:s-N-acetyl gulcosamine and N-acetyl muramic acid

In chcn:uca] composntwn the cell wall of gram-positive bactena differs from gram-negative ’

_bacteria, Thc wall of gram:positive bacteria .contains 85% of n:n”ucopepude and some simple

‘polysacchandcs like teichoic acids. Teichoic acids serve as antigens., The ccll wall of gram-ncgatlve .

- . . . - L.‘):
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bacteria contains 3-12% of mucopeptide and the remaining is made up of lipoprotein and
lipopolysaccharides. Only 4 aminoacids and 5% lipids are known to occur in cell walls of
gram-positive bacteria while more aminoacids and 20% lipids are present in gram-negative bacteria,

The protoplasm is the living material which is present inside the cell wall. It is differentiated
into an outermost thin membrane (called plasma membrane or cell membrane or cytoplasmic:
membrane), cytoplasm and nuclear body. ) o

AN

The plasma membrane is an unit membrane. It is delicate and consists of lipoproteins and
polysaccharides. It is semipermeable in nature. It controls the entry and exit of some dissolved ions
and substances. Electron micrographs revealed that the cell membrane forms some complex
infoldings called mesosomes. These mesosomes are known to initiate the DNA replication. and
. septum formation simultaneously.

The cytoplasm is a colloidal suspension containing proteins, carbohydrates, lipids, minerals,
nucleic acids and water. There are some non-living inclusions like glycogen, lipid globules and
crystalline proteins. Streaming movements are not seen in bacterial cytoplasm. Vacuoles are absent.
The cytoplasm contains numerous round bodies called ribosomes. Each ribosome contains two
unequal subunits which are almost spherical in shape. Few ribosomes are grouped together by a
strand of messenger RNA to form a Polyribosome. The organelles like mitochondria and
endoplasmic reticulum are completely absent in bacterial cytoplasm. The chloroplasts and also a-
definitely organised nucleus are absent. It is earlier assumed that in green and purple bacteria the
pigment is diffused in cytoplasm. Recent electron microscopic studies have revealed that the pigment
is present in lamellae or vesieles. These are also called Chrom}&ores, The lamellae consists of 2
unit membranes (cell membranes). They are hollow sphen@ ructures of about 300 A® in diameter.
. Most of the cytoplasm appears to be occupied by them. .

74

the cells. This is equal to the nucleus of th igher organisms. The nuclear membrane and the

-fiucleolus which are present in other plant and animal cells are absent. ‘As there is no nuclear
membrane, the shape of the nuclear bodygaries from time to time It is usually irregular but some
times spherical, In bacteria the genetic material (DNA) is not bound with proteins to form
chromosomes. The DNA molecule is 1000 . long and it is in the form of a single ring, Some people
refer it as a chromosome. The cells with-such a nuclear body are termed as prokaryotic against the-
eukaryotic cells of other plants and animals. -

\ ..
The nuclear body is the gepetic material % bac"égal cells. It is usually present at the centre of

The flagella are one to many in some bacteria and they aré the organs of locomotion. They
usually nieasure 4-5 plong and 120- 150A° thick. The bacterial flagella differ from those of eukaryotes
in lacking 92 structure. The flagellum is made up of a protem called flagellin. Several (3-8)
longitudinal chains of flagellin molecules run longitudinally to foxm a rope-like structure with a
central strand (Fig. 17.4). The flagellum arises from a basal globule which is present close to the cell

Fig. 17,4, Simc{urc of flageilum. A Flageflom as seen in elcct\mn'micmépe. B. Flageilum in transverse secnon.
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memErane The cell wall is necessary for the movements of the ﬂaalgeﬂum. The ﬂaéellar movement
ceases when the cell wall is removed by certain enzymes. _ -

In some gram-negative bactena 30-50A° thick, hair-like structures wh:ch are different from

_ flagella are seen all over the cell surface. The number ranges from 150 to 400 per cell. 'I‘hey are called

" pitil and are made upofa protem ca]led pillin,

Check Your Progress -3 .

What are mesosomes ? write breifly about their function. E
Note: (a) Write the aniwer in the space given below. _
.(b) Compare your answer with the one given at the end of this-unit.
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...........................................................................................

17.9. NUTRITION 0.

Depending i upon the mode of nutr@o\u the bactetia can be differentiated into two types:
(1) autotrophic bacteria and (2) hetﬁ. phic bacteria. Majority of bactena are lieterotrophic. The
autotrophic bacteria can synthesize, tHeir food material from: CO2 and H3S like the photosynthetic
green plants, They are of two !@1) photosynthetic and (2) chemosynthetic bacteria.

The photosynthetic process is different from that of green plan_fs. The photosynthetic bacteria
are anacrobes. They grow in springs which are rich in hydrogen sulphide. Oxygen is not released in
bacterial photosynthesis. Hydrogen sulphide is the source of hydrogen and instead of oxygen, sulphur

is the byproduct. In the presence of bacterial chlorophyll, energy from sunlight splits hydrogen

sulphide into hydrogen and sulphur. The hydrogen combines with carbondioxide to form the
carbohydrates. The sulphur is stored in sulphur bactena as globules and is liberated in green sulphur
bactcna The reaction process is as follows !=

 light 4
U2HS + €Oy ——————— - (CH30) + 28t H,0

bacterial carbohydrate (carbohydtate§ .

Inchemosynthetic bactena the chemical bonds of some of thei morgamc molecules are broken
down and energy is releaséd in this process. This energy is used to synthesize carbohydrates from
CO2 and water. Light is not involved in chemosynthetic bacteria. Some examples of them are
hydrogen bacteria, iron bacteria, sulphur bacteria and  nitrifying bactena. '

Hydrogen bacteria (e.g. Hmmmonm) oxidise elemental' hydrogen in the presence of
oxygen. This is shown below. (

Hz-+ 1202

H O + energy

—



The iron bacteria (e.g,, Ferrobacillus) oxidise the soluble ferrous salts to ferric hydroxldes
and liberate energy. The reaction is as follows.

Fett — . pettt 4+ &

In"sulphur bacteria, the elemeatal sulphur (e.g., TJuobaaHus) or hydrogen sulphlde {e.g.,
Beggmtao} is oxidised to derive energy. These rcactlons are given below:

S+ H0 + 112:0,

H2 S04 + energy

HS + 1203 ——— H200 + 8§+ encrgiv.

The nitrifying bacteria oxidise ammonia intd nitrate. There are two steps in the conversion '

process and each step is carried out by different bacteria. In the first step, ammonia is oxidised to
nitrite (e.g., Nitrosomonas). In the second step, nitgite-is converted to nitrate (e.g., Nitrobacter). In
both the processes energy is released. The reactiogeire given below.

NH + 112 Oy NOz + Hz0 + H' + energy
NOz +1/202 ———— NO3 + cnergy.

The hetero’trobhic bacteria are of two types : (1) saprophytes and (2) parasites.

The saprophytic bacteria grow on dead and decaying organic materials. These bacteria
produce certain extracellular enzymes which help in breaking the complex.carbohydrates, proteins
and fats into simpler substances, These simpler substances ca@bsorbed by the bacteria.

The parasitic bacteria live in or outside the living @f plants of animals. Th@y derive their
food materials directly from the hosts. Some parasitic bacteria are known to cause serious diseases.
Some bacteria live in symbiotic association with plan%&g,, R}uzobumz) and animals. ;

‘ O
17.10. RESPIRATION Al
- M = g

“Fhere are two kinds of respiration in bacteria - aerobic and anaerobic respiration: Aerobic
bacteria can live only in the presence of oxygen. The oxidation of organic compounds by oxygen is
called aerobic respiration. In this process CO2 & Hz0 are the end products. There are some bacteria
which live in the absence of oxygen. These are called anaerobic bacteria and the process is called
anaerobic respiration, The decomposition of ghicose to alcohol and COz lsﬁjﬁ.best example of thlS
type of rcsplratlon The reaction is shown below, : +

Cs Hi206 — 2C2HsOH + CO2 + 29K. Cal. of encrgy
.(glucose) {alcohol) )
Check Your Progress - 4
What are aerobic and anaercbic bacteria?

Note: (a) Write the answer in the space given below.
(b) - Compare your answer with the one given at the ¢nd of this unit.
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17.11. REPROPUCTION d T

1t was earlier thought that the reproduction in bacteria is only-asexual. But the recent studies
revealed that the bateria also reproduce sexually. )

17.11.1. Asé'xual Reproduction

Asexval reproduction in bacteria. takes place by fission; budding, segmentation and

rs

"The fission is also called binary fission (Fig. 17.5). In this process a bacterial mother cell splits
into two daughter cells: The cocci may divide in any plane where as the.bacilli will divide only -
transversely. In this process the circular DNA molecule first divides into two. In each of the two
daughter DNA molecules one strand comes (rom the parent. The division of the nuclear material is -
followed by the cytoplasmic division. A peripheral ring of the plasma membrane invaginates and
grows towards the centre to form a double transverse membraane. This newly formed wall in betweert

 the two halves thickens considerably and splits into two, one for each daughter cell. The splitting.

 —~ takes places by the appearance of a constriction at Sgriphcry and it slowly reaches the centre.

Under favourable conditions {ission occurs once in‘eyery18-20 minutes.

I
|
il
I

- , N ,
Fig. 17.5. Sequence of stages in the binary fission’ol bacteria. 1. Paréol cell. 2. Daughter cells

* . ! . - i * » :. - - \(
Budding is another way of asexual reproduction in certain:bacteria. Some bacteria grow at
one end and cut off small buds like yeasts. o ) -

-

* . Segmentation is another way of asexual réproduétioq. In'this;E proces's, the bécferizﬂ pro;ﬁplésp
divides and forms very small bodies called Genidia. The cell wallgirupturcs to liberate the gonidia.
Each gonidium grows to a single bacteriat cell. i ’

i

Endospores aré single ¢elled bedies: These are formed usally singly inside a bacterial cell
(Fig. 17.6). However, there are cases with two endospores. These spores are highly resistant and
physiologically ‘dormant. The common examples of bacteria which produce endospores are species
of Bacillus and Clostridium. The bacterium with a mature endospore is called a sporangivm, The -
size, shape and position of the endospore varies from species to species. The endospores may be
oval or spherical. It may be éeﬂtx_'gl, subterminal or terminal in-_;posit'ion in' a bacterial cell. The



profopla'st of the endospore consists largely of nuclear material (DNA), surrounded: by dense
cytoplasm. A delicate wall is present around the c‘ytoplaseﬁl. The lysis of the wall layers and cytoplasm
of the parent cell makes the endospore free. These endospores are then dispersed by wind. Under
suitable conditions these endospores germinate and give rise to bacterial cells,

Fig. 17.6 Bacterium contaiﬁing’an endospore. 1. Endospore

17.11.2. 'Sex;_lal‘Reproductit_m R AN

“Bacteria are now known to exchange the genetic matertal by the following three processes::
transformation, transduction and conjugation. These processes closely resemble the sexual
reproduction of other organisms.

Transformation® . v T

Transformation was first obsr;:rvcd by Griffith (1%8;} CUMOCOCCUS przezmzomae This is
the causal organism of pneumonia. He observed two dl%'r“ t strains in this organism. They were
virulent and avirulent. The virulent strain has a caps produces smooth colonies in a bacterial
medium. The avirulent sirains were without capsuleand produce rough colonies in the medium.
When injected, the virulént strain caused the Qlwf mice where as avirulent'strain was harmless.
In his experiment. Griffith injected the living avirblent strain and heat killed virulent strain into mice.
._For his astroriishment the mice was killr@ had found that the mice was infected by a virulent
* bacterium. It also proved virulent when injected to another mice. This virulent charaéter was donated
‘by the virulent strain to avirulent strain and this was alsq inherited by the progeny. Avery, Maclead
and MacCarty in 1944 have identified that DNA was the transforming principle. It is also shown that
the transformation is not dependent on the presence of dead virulent strains. It could take place in
the presence of cell free extracts from virtlent bacteria. - »

Transduction, -

~~ The gengtic transfer mediated by ‘bacteriophages (viruses. attacking bacteria) is called
transduction. Thiswas first idemified by Zinder and Lederbeirg (1952) in Salmonella typhimurnium,
When the bacteriophages are multiplying inside the bacterial cells, fragments of bacterial DNA are
also mcorporated into the newly-formed phage, particles. These phage particles infect other
snsceptible bacterial cells and the fragments of DNA are transferréd and incorporated into the
genomes of the recipients. s :

.: Conjugation-

l Lederberg and Tatum (1944} have discovered the bacterial conjugation in Escherichia coli.
' The conjugation mechanism closely resembles sexual reproducuon in other organisms (Fig. 17.7).

There are two haploid mating typ&s in E.coi.One of tlrcm isa donor and anotherisa receptor.,
Special kind of pilicalled sex pili ace present over the donor cells. These sex pili help to attach the
donor cells to the rcmpnent cells. The wall dmolves at the point of contact and a con]ugatlon tube is



e

Fig. 17.7. Conjugation in Bacteria. 1. Donor cell. 2 Conjugat_ion briﬂge. 3. Recipient cell.

shaped DNA strand of the donor breaks and a pa
conjiigation tube. The recipient thus becomes diploid, This part of the genetic material of the
donor may replace the homologous portion of thEEeci pient. This brmgs about geneticrecombinations
in bacteria. The partly diploid state is main(’s’{?q:l for a short time. Affer that, it reverts to the haplond
state. The donor cell disintegrates aftgnthe transfer of genetic matenal

. e

formed between the two cells. This conjugation tubeiiys}for a short time. During this time the ring *

17.12. ECONOMIC‘IM@BTANCE_ | o

The bacteria are generally known as the causal organisms of sfb many diseases. Most of them
are beneficial to human beings also. The harmful and beneficial activit-ies of bacteria are given below.

The bacteria spoil our foods. They also produce toxins in the food The toxins cause serious
illness and even death-in some cases. The bacteria cause diseases to human beings, other animals and
economically important plants. The important bacterial diseases ‘caused to human beings are
tuberculos:s, cholera, tetanus, typhoid, diphtheria, pneumonia etc. Wﬂl diseases of potato, cucumber,
tomato. and brinjal, crown gall of beets, fire blight of apple, soft rot of carrot and turnip, citrus canker,
bacterial blight of paddy, angular leaf-spot of sotton efc., are some of the 1mportant plant dlscases

caused by bactcna. )
o . . I
f

Some soil saprophytic bacteria dccompose dead ammals and plants intosimpler products such.

as aminoacids, nitrates, sulphates, phosphates etc-These products sérve as plant food. While doing
the decomposition of organic matter, the bacteria are actually parlxc:patmg in the important naturat

cycles (e.g., nitrogen, carbon, iron, phosphorus and sulphur cycles). Ammomfymgbactena nitrifying
bacteria and nitrogen fixing bacteria increase the soit fertility. The simplé nitrogen containing .

compounds produced by saprophytic bacteria are converted to ammoma by-ammonifying bacteria:
This ammonia forms ammonium compounds such ag carbonates by combining with water and

ca.rbo\nd.lonﬂdc Thcse compounds serve as nutriénts to some plants. The mtnfylng bacteria convert
ammomamto mtrates. Thcse mtratcs serve as nutncnts to scvcral plants The mtrogen ﬁxmg bactena,'

it passes into the recipient through the



Azotobacter (aerobe) and CIo&tn'dig:m (anaerobe) live freely in soil and Rhizobium occurs as a
symbiont in the roots of leguminous plants.

Several bacteria have multiple industrial uses. Lactic acid bacteria is.used in the industrial -
production of butter and cheese and also in the curdling of milk. The production of linenis dependent’

on bacteria. Several organic compounds of great commercial importance such as citric acid, lactic
acid, vitamin - complex, butyl alcohol, acetone, ethyl alcohol are produced by bacteria.

Bacteria have several medicinal nses also. Some mild antibiotics such as subtlin, bacitracin,
tyrothricin are of bacterial origin. Some bacteria are useful in the production of serums and vaccines
-{e.g., diphtheria, tetanus, woophing cough). ‘Bacteria belong to the order Actinomycetales.
Actinomycetales contribute maximum number of antibiotics that are extensively used in medicine.
Most of them are produced by species of Strepotomyces. The following are some of the important
antibiotics:

Streptomycetin produced by Streptomyces gresous:
Chloromycetin by S.venezuelae:

Terramycin by S.rimousus:

Aurcomycin by S.quxofasiens:

Hamycin by Streptomyces sp. .

BTN ST

. s .
' Chloromycetin is active against gram positive and gram negative bacteria and also against
Ricketsia {causal agent of Typhus). Therefore, it is considerdd as broad spectrum antibiotic.
Terramycin and aureomycin are also broad spectrum antibioti

17.13. SUMMARY S
\ _

) Based on their morphology bacteria qr@ﬁaguished into coccl, bacilli, vibrios and spirilla.
They have been divided into Gram Negatiyesand Gram Positive depending upon their reaction with
Gram’s stain. Bacteria are prokaryotic With!a DNA molecule of 1000 & in the form of a ring.
Membrane bound organelles like endoplasmic reticulum and mitochondria are absent. They show

- closed resemblance with cyanophyceae members, Nutritionally they are either heterotrophs
(saprophytes and parasites) or autotrophs (chemosynthetic or photosynthetic). Some (Rhizobium )
are symbionts. Respiration may be aerobic or anerobic. Asexual reproduction is by binary fission,
budding, segmentation and endospores. Sexual reproduction is by transformation, transduction and

conjugation. Bacteria are harmful as disease causing agents of plants and humans. They are helpful
in industry, agriculture and medicine. T : '

17.14. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Tetracocci are the spherical bicteria which are in groups of four and the staphylococci are also
spherical bacteria which are in clusters,

2. The amphitrichous bacterium coritain only one flagellum at each end where as the lophotrichous
bacterium contain a tuft of flagella on one end only.

3. The mesosomes are the cémplex infoldings of the plasma membrane. They are reported to in-
, itiate the DNA replication and septum formation simultaneously,

4. The bacteria which can live in the presence of oxygen are called aerobic bacteria arid the bacteria
which can live in the absence of bacteria are called anaerbbic bacteria. .
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17.15, MODEL EXAMINATION QUESTIONS - |

L Answer tlle followmg questlons in about 30 lmes each. y

L
2,

Comment critically on the structure of bactcna

Discuss in detail the modes of reproduction in bacteria.

IL Answer the following questlons in ahout 10 lines each ;

P'i:hs—*!ﬂr‘

Write briefly about the nutrition in . bacteria., i
Comment on the shapes and sizes of bacteria. - ]
Discuss br1cﬂy about the flagellation and locomotion in bacteria. .
Discuss briefly about the asexual reproduction in ‘bacteria. |

Write briefly about the economic importance of bacteria.
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18.1. OBJECTIVES

- : Q .
By the end. of this unit you will be able to: \‘ K ?\

describe the structure and replication of vi@_s‘
define and describe the bacteriophase,

differentiate the terms viruleat and tb%?ate phases, ’ .
describe different stages in the life cycleé'df a bacteriophage, (h

describe the important symptoms cansed by viruses in plants,
describe the various ways of transmission of plant viruses,

list out the diseases cavsed to human beings by viruses, and
describe the structure of mycoplasma and list out the dlseascs cau.sed by them

IR N

= ‘

18._2. _IN’I‘ROD-UCTION

S

.Some of the viral diseases of plants were observed quite early. Tulip flower break was first
recorded in 1576, although nothing was kinown about viruses at that time, Around 1870 the tobacco
crop was struck by a severe disease. Adolf Mayer studied this disease and published the resulis in
1886. Mayer called this disease as mosaik Krankheit (mosaic-like) from the mosaic patterns observed
on the leaves of the diseased plants. Mayer showed that this mosaic disease could be communicated
to a healthy tobacco plant by inoculation with the sap of the infectediplant. Mayer thought that somé
bacterium was responsible for the disease. Jwanowski (1892) of Russia proved that sap from such a

diseased plant was capable of inducing the mosaicdisease inhealthy plant even after passing throungh .

* abacteria prooffilter, He did not scem to grasp the significance of this. So he concluded that either

_the pathogenic bacterium or a toxin secreted by it some how passed through the filter and made the B

* filtrate infectious. After a more detailed study, Martinus Beijerinck (1898) recognised the existence
of a new type of infections agent He called it Contagium Vivum Fluidum (infectious living fluid).

The agent of tobacoo mosaxc disease was subscquently refered as a virus. Foot and mouth disease .

“161



162

of cattle was rcportcd (Loeffler & Frosch, 1898) to be due to filterable viruses. Walter Reid et al.
(1900) recorded that viruses are responsible for yellow fever in man Even bacteria are attacked by

‘viruses; this was first rcported by 'I‘wort (1915} from England and d’here.lle (1915) from Canada.

18.3. 'GENERAL STRUCTURE OF VIRUSES

Mulvania (1926) thought that TMV was a simple colloi&,‘protei;izoeous in nature ;and
possesses the characters of a colloid. Staney (1935) succeeded incrystallizing TMV. He showed
that rigid rod shaped crystals are formed when TMV is crystalised. Bawden & Pirie (1936) showed

“that TMV is a nucleoprotein (5.6% RNA and 94.4% protein). | Viruses are sub- cellular and

ultranucroscoplc and fall in the realm of molecules, Therefore, spemal tools are necessary to study
their structure and properties. More important are ultraccntnfugatlon, electron mxcroscopy, X-ray
diffraction, serological studies, tissue culture techniques and mdlcator plants.

Usually the viruses possess the following properties (1) Vlrusps are so small that they can pass
through the minutest pores of the conventional filters. (2) Viruses can multifly only within the living
host cells. (3) Viruses are nuleoproteins of high molecular weight. (4) They are highly infectious
and are total parasites. (5) They can be precipitated and redissolved in water. (6) They can be
crystallized. (7) Antibiotics have no effect on viruses. : -

Virion is a technical term for the complete virus particle. The virion consists of a nucleic acid’
and a protein coat. The nucleic acid may be DNA or RNA. The nuclclc acid is a DNA in bacterial
and in many animal virusés while it is RNA in all p nt viruses wn[h one or lwo exceptions (e:g.,

cauliflower mosaic virus). The portein coat is call id.

Only one type of nucleic acid (RNA or DNW) occussin a virus. The viral RNA is usually single
stranded while the DNA is double stranded. gxceptions are Rice dwarf virus (double stranded
RNA)and & X 174 phage (single strandc A). The nucleic acid is the infectuous part and contam

codes for the synthesis of proteins an 1ts synthesrs and ‘tsscmblagc

The-capsid is the protein ¢o ounding the nucleic acid. It protects the nucleic acid. Ii .- .
consists of many similar subun alled capsomeres. The electron ml(.l’OS(.OpIC studies revealed that

the capsomeres are spherlcal 1 ic viruses and grape like or wcdgc shaped in rod-shaped viruses.

Some animal viruses have a thick llpoprotem envelope arounql their protein coat. The protein-
is of viral origin and lipid is derived from the host. Based on the shape of virus particles, two general
categories, anisometric and isometric, are recognised. In the first group are included rigid rods,
flexible rods and bullet shaped viruses. The isometric particles appear spherical but are actually’
polyhedral. Anisometric viruses exhibit helical symmetry and the polyhedral onespresent a cubical
symmetry. It has now been shown that a spherical virus is an 1cosahedron (a sphere with 20 sides or
cqullateral triangles) (Fig. 18 1. '

Y - . , ="

Fig, 18.1. Principal shapes of virus particles 1. Jcosohedral (Polyhedral). 2. Helical (Rod shaped). o
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The shaﬁes‘and sizes of somé of the plant viruses are given below. The shapes and sizes of -
viruses are important in the identification. : ‘ '

Viruses *° Shape Size
Tobacco Mosaic Virus . aigid rod . 15-18x300 nm .
Tobacco Rattle Virus - SR 20-22x180 npm .
Potato Virus X - Flexible ro . 10-13x550 nm . ' .
Wheat Streak Virus . © e 10-13x700 nm -
-Tamato Stunt Virus " Polyhedral 30 'nm
© Wound{umour Virus C_ ‘ 60 nm - )

The ultrastructure of TMV has been studied extensively. TMV is structurally very sumple. It
is a helical, hollow rod of 300 nm length and of 18 nth diameter, The nucleic acid is a single stranded .
RNA molecule in the form of a long helix; It extends the entire length of the virus particle. The |

capsomeres (protein subunits) of the capsid are tagged on the RNA so as to form a close spiral. The

_ capsid of TMV consists of 2130 similar capsomeres. All these protein subunits are exactly identical
in structure and in_the sequence of amino acid residues. The molecular weight of each subunit is
.17,500 and each capsomere has 158 amino acids (Fig.18.2).

- s
A
r
-
" Fig, 182, hirastructure of Tobacco Mosaic Viris. A, A portion of TMV in surface view ‘
) showing the siructure. B! Section of the rod. 1. Capsomeres. 2. RNA hehix. 3. Core. !
Check Your Progress - 1
« 'What are Capsomeres ? - ~
Note: ({a) Space isgiven below fori writing your answer.
{b) Compare your answer with the one given at the end of this unit, | !

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

.......................................................................................
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18.4. REPLICATION /MULTIPLICATION OF VIRUSES ./

]
Qutside the lix;iﬁg cells, the viruses are metabolically inert‘,f'iny aftc;f infecting a living system
they behave like microorganisms. Wounding of the cell wall of plants is necessary for infection by

.viruses, Wounding produces infectible sites which persist only for a brief period. Plasmodesmata

or protoplasmic membrane exposed at the wounds may be the site through whlch virus gradually
enters into a cell, . ) e T

eruses an coming in contact with pIasmalemma enter into protoplast ofthe cell by pmocytosm
(the process in which the substances enter the cells from the cxierior and pass into the cytoplasm
within the membrane bound vesmles) Infectivity of a virus lies in its nucleic acid and protein is
regarded to serve as a protective shell for the nucleic acid. Fraenkel Conrat (1956) separated i thc
protein coatfrom RNA of TMV. He found that protein coat was not able to produce infection where

.,as RNA was mfective This shows that only nuclelc acid carries the necessary inforimation to form
newvirus particles. ", : ; : -

After entermg mto the host cells the viral RNA takes the oontrol of the cell} machmery an

uses it to-produce the viral components rather than the cell components. The protein coat and the

‘RNA are formed by two separate systems. Then the viral components are assembled into new virus
particles, - : -

18.5. BACTERIAL VIRUSES AND OTHE;IS 3'

I

special structure which isdifferent fro er virus particles, The phage partlcles generally look like
tad-pole with a conspicuous head ?gol edral} and a-tail (helical symmerty) The bacteriophage

" The viruses which attack bacteria Iled bactenophages or phages., The phage has a

which infects Escherichia coli 1s :oliphage. Some best known strains of coli phages are T2., Ts,
Té (or T-even) phages. ' '

.

s &S

S MIEI{ IR,

Fi ig. 18.3. Dlagrammamrepresentauonofbactenophagc A, Longutudnwl secnonshcvmng
the strcture. B, Baaenophage§1MI01n 1. DNA. 2. Protein coat. 3. Head. 4. Neck and !
_ collar. 5. Contractile sheath. 6. Hollow core. 7. Tail. 8. End plate. 9. Tail fibres.

PR
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" T-Even phages measure about 200-380 nuit in length. They have a hexagonal head, which
consists of-a protein coat surrounding the genetic material. The genetic material is double stranded
DNA molecule which will be packed tightly inside the head. The tail consists of only.an empty protein
‘sheath without ; any DNA. The sheath of the tail can contract longitudinatly. The phage consists of six

1+ long protein fibres, These are called tail fibres.or caudal fibres. They arise from a basal plate, These

% are useful for the att_achmeﬁt of the phage particle to host bacterial cells (Fig. 18.3).

Recently viruses have been rcpbrtcd_ to attack fungi (mushrooms, species of Penicillium), algae

(Oedogonium) and blue green ‘algae (Plectonema, Nostoc and Oscillatoria). Viruses attacking

cyanophyceae members are called ‘cyanophages’.

- Bactcrlophages ¢an be divided into two gﬁups on the basis of their growth cyclcs They are
" virulent and temperate phages. The virulent phaggﬁhow alytic cycle in which the sensitive bacterium

lyses to liberate the newly formed virus particles, while in the second type (lysogemc cycle) death of
the bacterial cell does not occur.

The Iytic cycle occurs in T series of phages which attack E. coli. First; the phagc partiéles
come close to the E. coli cells. WitEt the help of the tail fibres and the basal plate the phage adsorbs
on specifi¢ receptor sites on the baoterial wall., Opening is formed at the point of attachment. This
is caused by the enzymes secreted by thé phage partlcles ‘Now by the contractile action of the hollow
central tail, the DNA enters the nuclear body of the host cell and takes control over the genetic

_machinery. Phage DNA is replicated inside the nuclear body and phage coat proteins are synthesized .
by the ribosomes of the host cytoplasm. - The DNA molecules and protein coats assemble to form

- new phage particles. Now the wall of the host bactenum lyses and t 200-mature phages per cell
are liberated (Fig,18.4) : S )

-7

.

F’g. 184 D:agmmmauc represemauuu ‘ot dmercm stages ‘in the l:l'c cycle. of

bacteriophage. A. Contents are being released by coliphage. B. Latent period.
C. Synthesis of phagecompon_ems 1. Assembly of phiase components. E. Liberation.
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Lysogemc cycle occuts in lambda ()\.) phages attackmgﬁE coli.” In tlns type of cycle akind of .
symblotic association develops and it is called lysogemc state. JiAftel' adsorptlon ‘and injection, the

- DNAof the phage:gets integrated with the bacterial genomc I fhis state the viral genome is. callcd
propl:age This new genome made up of both bactcnal as well as v1ral genomes, replicates as one
unit and the daughter genoines are passed onto the off-sprmgs 1Thus the vn:al genome, contmucs to"

multlply in the daughtér bacterial oolls mdef‘ mtoly

i .

:'.lS.G.t_ECONOl}xIIC_ IMI{QRTANC'E oF‘ v'IRUS'E‘_sE?

Pt

18 6.1. Plant Vlruses .

. _ _ - T
Viruses are economically s very very ! 1mportant They causc scrlous dlseases not only to plzlmts _
but also to other animals and human bcmgs

Iy 1
- &

* Viruses are rcspons:ble for scnous losses by causmg numbcr of dlscases on crop plants Thc

1mportant symptoms of the dlseases causccl by viruses in plants (F’ ig, 18.5) are :

* Fig.18.5 Symptofus of virus diseases. A. Ring spots B. Bhendi *
veln clearing.. C. Tulip ﬂowcr l:-reaL D '\ccronc local les:ons -

2, Chlomsis. The umfoerm yellomng of thc leaves is ca]!cd Ch]Ol'OSlS (R:ce yellows)

i':.f:

[y

i

ril

_d
T
.l-

4

T
.||

. \_1 Mosalc' Mosaic is an alternation of llg‘ht green areas wnh dark green arcas (or yellow areas) on
the leaves (e g. Tabacco mosaic, Clnlh mosalc.)

Y

‘.-‘)

-\.“\\
3 Vein clearing: In this the snrroundmgs of the veins andthe vemlcts turn yellow and the remammg o
part of the leaf will be grcen (e.g " Bhendl vein cleanng)



Ririg spots: Concentric rings'of dark and light tissues are fromed c‘iﬁ’tﬁp leaves of some virli_s
infected plants. These are called ring spots (e.g,, Tobacco ring spot). | ~

. Dwarfing or stunting : Reduction in the growth of all organs of the plant is the most prevalent
symptom in this type of virus diseasgs. Plants affected result in reduced yields and some times

total loss of crop {e.g., Groundnut rosette, Rice dwarf etc.)

Necrosis: Death of the tissue is called necrosis. Necrosis may remain localised or spread to other
tissues (e.g., Tabacco necrosis virus). T -

Malformation: The- malformation is dué to hyperplasia (abnormal rate of cell division) and
hypertrophy (abnormal rate of cell size) of tissues. Small outgrowths on leaves or stems are called
‘enations. Largcr swellings on stems or roots are called tumours (e.g.; swollen shoot of cocoa,
enation mosaic virus).

Breakmg of flowers: Some.the viral diseases cause. changes in thé colour of the petals and this
gives the flowers a beautiful variegated appearance. The ﬂowers of tuhp were once very popular
because of this-flower break. -

Plant viruses are transmitted by the foIlowmg ways:

Mechanical transmisslon Any faCLOT inflicting wounds on healthy tissue facilitates mechanical
transmission of viruses. Cultural practices, contaminated hands and implements are- also
responsible, o -

Seed transmission: About 50 viruses are rei:»orted to be@nittcﬁ- by seeds. Seeds produced
by diseased plants carry viruses internally within th d coats, endosperm and embryo. Such
seeds give rise to infected plants ' —

Continuous channels are formed betwee ion and the stock. forthe movement of food and

Graft (ransmission: All systemic virus arfs\g;‘nsxnlucd to suscepuble plants by graftmg
nu[rients So the viruses are passive%iei fromone plant to the other through these channels.

. Dodder l)rnnsmission ‘Through haustéria, dodder (Cusuta) develops an intimate contact with -~

the vascular system of the host plant. The viruses can be passively carried from.the host to the

dodder. When the same dodder spreads to other plant, the viruses may also be carried to other
~ plants (e.g., pea mottle virus).

M——
Fungal transmission: Some fungi-such as O{ptdmm brassicae, Synchytriim endobioticum ahd
Polymyxa graminis are known to transmit some of the soil-borne viruses such as tobacco necrosis,
lettuce big vein, potato virus X, wheat mosaic virus ete.

_lnsecl\tl‘ansmlssmn The insects which playa major role in lhc transmission of viruses are aphuds,
leaf hoppers; thrips, white flies, scale insects etc. About 300 plant virus diseases are known to be
transmited by insects. The insect which carry the disease is called the vector. Among the insect

vectors 80% are aphlds and Ieaf hoppers Myzus persrcde, an aphid, is known to transmit about -

100 viruses:

18, 6.2 Ammal and Human Viruses. Co E o B

Viruses attacking animals and man havc been divided i mto various groups and the 1mportant

' bnes are pox, myxo, picorna, herpes and arbo viruses. Pox viruses mssess DNA and cause small pox
in fnan and pox diseases in animals like monkeys, cows, pigs etc. The virions are very big. (250-330
nm). Myxo viruses posses RNA'and cause influenza (various types: A;B,C, etc.y and mumps.
Chickenpox is due to a type of herpes virus, possesing DNA. Potio is due to picorna: virus, whlch has
RNA.

t : -
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£ .
Mouse mammary tomour virus 1s nown to cause mammory cancer in certain animals. The

virus has RNA and is transmitted through mother’s milk. .

a

When nothing was known aboit viruses, Edward Jenner (£796) conducted a dangerous
experiment and saved many from the dreadful small pox. He nsed the mild vaccinia virus to develop -,
immunity against small pox virus. This method is known as vaceination and now we employ vaccines
(either attenuated viruses or killed viruses with formaldehyde) for providing active immunity against
several viral diseases. ) ' 7

Check Your Progress - 2 & 3

2. Describe mosaic symptoms with éxam_ples. ‘
3. Name three fungi thaf transmit plant viruses.

-Note: (a) Write the answer in the space given below. .

- (b) Compare your answer with the one given at the end of this unit,

- ..... ' .......... O __________ .....

- ) ‘ ' L Y ) ’
187. MycopLasvA '\~ -

" In this year 1713, a highly ﬁ;ulmonary_-diéeasa of cattle appeared in Switzerland and _‘
Germany. Later .1t s'préad thro ut Europe, and earnéd the name plevropneumonia. The'
pathogen was called plevropneumonia jike organism (PPLO). PPLO was later replaced by the name
Mycoplasma, which is an important pathogenic genus of animals. ST '

Yellows type and witches broom diseases of plants were earlier thought to be caused by viruses.
But nobody has demonstrated the causal organism of these diseases by electron microscopy. In 1967,
a group of Japanese workers (Do et al)) proposed that these dischses are probably caused by
myéoplasma like organisms. Later citrus stubborn and corn stunt were found to be caused by a new
type.of pathogen and was given another name; Spiroplasma. This was grdwnin culture also. Hitherto,
mycoplasmas were considered under a seperate order under Schizomycetes (Bacteria). Recently,
‘Maramorosch (1974) considering their distinct characters, proposed a new class called-Mollicutes
and the organisms without generic names are called mollicute-like organisms instead of mycoplasma
like organisms, The genus Spiroplasma is also included in this class; Mollicutes are prokaryotic-and
lack a rigid cell wall; the cytoplasmic membrane resembles the one o:f mammalian cells. They are
pleomorphic and are variable in shape. Both DNA and RNA are present in a cell.. They resemble

-

viruses in being very small and ultramicroscopic (125-250 nm). Ribosdmes have a diameter ranging

from 10 nm to-20 nm and contain 60% RNA and 40% protein. Mycoplasmal genome is single
chromosome, represented by a centrally located net work of double stranded DNA (Fig. 18.6).

- Mycopl_asmas' reproduce by budding as well as by binary fission. These are moderately
susceptible to tetracyclines but not to penicillin. ; . '



I Fig. 18.6. Scherhatic diagram of a typical Mycoplasmé: 1. Plasma membrane. 2. Ribosomes. 3. DNA fibrils
" Plant diseases

Aster yellows, peach yellows, citrus stubborn, corn stunt little leaf of brinzal, and sandal spike
are known to be caused by mycoplasmas now. . Major site of MLO infection in plants is the sieve
elements. These are also present in phloem parenchyma and oompanion cells.

The phloem feeding leaf hOppers are known to transtuit the mycoplasmas. Most of the witches
broom diseases are known to be transmitted by g;raftmg and dodder.

Check Your Progress -4 : . .
What are thc xmportant diseases that are known to be ‘C@d ycoplasma 7
"Note: (a) Write the answer in the space given belo o

(b) Compare your answer with the one Q?ﬁ%t the end of thlS unit, -

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

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

18_.8. SUMMARY

- Mayer (1886), Iwanowski (1912) and Beijerink (1898)c0ntnbuted much in undcrstandmg
Tobacco Mosaic Virus (TMV) Stanley (1935) and Bawden and Pirie (1936) studied the virus particle.
Compleéte virus particle is known as virion. Virion consists of only one type of nucleic acid, either
DNA or RNA; other organismis possess both types. Virion can not grow.or unidergo binary fission.
. Viruses exhibit absolute parasitism as they make use of: host cell ribosomes. Virys particles may be

.- rigid rods, flexible rods, bullet shaped or polyhedral (spherical). They exhibit helical and/or. cubic.
symmetry. Virus particle consists of a stlzand of RNA (Plant Viruses), surrounded by a protein.coat

(capsid); protein subuints are called capsomercs Virnses multiply only within the living cells of a |
host. Based on growth cycles, bacterial viruses are divided as vifuleni and temperate phages. Viruses -

attack man, anirals, bacteria, algae, fungi, and other h.lghcr plants. Plant viruses are transmltted
mcchamcally or by seed grafts, dodder, fungi, nematodes or insects. -

. Myecoplasmas are proKaryotic and possess ccllular orgamsatwn but lack cell wall; hesnce are
pleomorphic. They are ultramicroscopic. They -are recently kept i in a sepa.rate class, Molhcutcs‘

- (Maramorosch, 1974) They cause plant and ammal d:scascs
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2 IL. Answer'the follomng questions in abou ine each, - _

7

18.9 CHECK YOUR PROGRESS MODEL AN SWERS

*- 1, Thevirus, part1c]c consxsts ofa nucleic acnd (e.lthcr DNA or RNA) and a protem coat.fl‘l'ps protein

_coat is called caps:d The cap51d is made up of small and snrm]ar typc of subunits called -
capsomeres. . . i

~—

-+ 2. Plants hkc tobacgo, chﬂh ete show alternate patghes of light green and dark green areas on the -

-, leaves. These are called mosaic symptoms and these are caused by viruses. ¢.g., Tobacoo mosaic -
and chilli mosaic.

3. Olptdzum brasslcae, Synchymam eudob;oacum and Polym)v:a gmmm:s aré known to transm:t
' plants viruses. < -,

4.. Thei :mportant diseases that are causcd by mycoplasma are aster yellows, peach: ycllows httle lcaf .
of brm]al and sandal spike.

- '\

18 10. MODEL EXAMINATION QUESTIONS

1. > Answer the follomng\questlons in about 30 lines each : N

D:scuss in brief the structurc of viruses and’ comment on the propertics of them. -
. Bring out the i lmportant events in the mfectmn, wih and muluphcatlon of viruses.

-FLU.).lN}Iﬂ

. Discliss about the structure and multipliction o ctenophage
. Givea gencral account of myCOplasma 6 )

- . b

. Dgspﬂbe the ultrastructurc of '@L\wth the help-of a die;grani
. Describe the i.lltrastructur f a phage with the hclp ofa dlagram

. Write clearly about any fou nptoms causcd by wruses | Sl o

Wnte clearly about any 4 types of transmission of plant wruses

HP N

iS.Il.'GLOSSA_I}Y' - o e

Bacteriopliage o A general term for wrﬁses whlch at'tack bacterxa .

Blcpharpplést +  Basal body from Wthh thc ﬂagcllum ongmatcs .
- Coenocytic T Nonseptate and multinucleate mycchum I -

Dodder : The name of certain 1caﬂe:ssJ plahts wh:ch are parasmc on _-

_ ™ higher plants. . - i_- © _

‘Heterothallic Fungl possessmg + and — matmg partners. | B
.’ Lomasomcs R Sccrctary Vmclcs present in cytopiasm |

Pleomorphic IR Occarrence of morcthanone form, :[ S

Serology . -+, Study of sera (smgular serum). Serum is a watcry ﬂmd wluch -

R + separates from blood in coagiilation, - 7. ! P o

“Soralia . : “Pustule-like areas that devélop on the surface @f a hchcn

. thallus. They help in vegctatwc propagauon.

LT —q
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UNIT — 19¢ GENERAL CHARACTERS AND

CLASSIFICATION OF BRYOPHYTES °

‘Contents’

191 Objectives
19.2. Introduction
19.3. General Characters
19.3.1. Morphology ‘
1932, Reprdduction . . . )
19.33. Origin and Interrefationships . s
19.34. Habitat '
. 19.35. Distribution
19.4. Classification -

-19.5. Life Cycle of a Bryophyte

19.6. Summary
19.7. Check Your Progress : Model Answers

19.8. Model Examination Questions

19.1. OBJECTIVES - \

A

By the end of this unit you will be able to:

. describe the morphology and reproduction in bry

. describe the views of different scientists aboul gin of bryophytes,
comment on the places of their dlstnbutwn@

. describe the life cycle of a bryophytc

YN R

19.2.- INTRODUCTION

Bryophytes are the simplest non-ﬂowering non-vascular primitive plants, Some are found in -

. water. Mostly they oceur in shaded ground, on wet rocks, at the base of trecs,_bn burnt humid ground.

{ and on humid soils. Water is necessary for completion of life cycle: These aré commonly called”

liverworts and mosses. They are the first group of plants which inhabited land after migrating from
water. Bryophytes help in soil formatlon as they grow on lichen crusts of rocks and some mosses
Zrow m the crevices of rocks,

19.3. GENERAL CHARACTERS

The gametophyte of bryophytes is small, green, highly differentiated plant-and forms the
dominant phase of the life cycle. Gametophyte, which bears sex organs, is an independent ancl}nghly
developed plant. The sporophyte is the spore producing phase of a bryophyte. This stage is whol.ly
or parnally dependent on gametophyte for its nutrition. -

'19.3.1. Morphology :

In liverworts and horaworts the fhallqs is of flattened -and pfdstrate fropi,' Withoﬁt_
differentiation of root, stem and leaves. Thallus is differentiatéd into dorsal and ventral prtions.

17



' 1932. Reprodiction _ -. ;

™

Thallus has a thickened mid-rib and notches “The dorsal portion 181 green, The ventral surface bears
miapy rhizoids he]pmg in fixation and absorpt:on. Thallus grows ap:cally and,’ shows d:chotomous

‘branching. . . } i

In mosses, the gametophyte has a leafy axis with numerous rhizoids at the base. Leafy

 structures are spirally arranged on the axis. However the leaves and axis are not comparable to the

flowering plants.

Unicellular or multicellular rhizoids are present in all bryophytes In liverworts multlcellular
scales are present near the growing points. :

" Sexual reproduction is ooogamons and occurs between motlle biflagellate antherozojd and a
large non-motile egg. . oo

The gametophyte bears the sex organs. Male reproductive organ is the anthendmm which is-
either globular or club shaped, it Is covered by a single layer of sterile cells enclosing a mass of
antherozoid mother cells. Each antheridium is also stalked. Antherozoid mother cell produces
biflagellate sperm or antherozoid Each antherozoid is spirally coiled and possesses a nucleus,
blepharoplast and two flagella a' its anterior end. Mature antheridium breaks t the tip, when the -
plants become wei by a clew or rain. Antherozoids escape as the antheridial wall breaks

The female sex organ is the archegonium, which is flask shaped. it has broad swollen base,
called the veater, and a slender; elongated narrow n k. Neck consists of an elongatecamty filled with
neck canal cells. Neck is covered around by sterile cells called jacket layers. Venter has a sterile
layer (the jacket layer) and ventral canal ceﬂ\gv e the large egg. The mouth of archegonium is
covered with cover eells, Nuclei of antheﬁt?ugl and egg are haplond

Inmature archegonium the c@nal cellsbreak down and neck is tilled with slime. It absorbs
water, swells and ruptures the gover ells at the tip. Slime drop 15 pushed out. This droplet attracts
the antherozoids. Many motﬂe%mzords from an antheridium reach the neck of the archegonium.
Only one antherozoid reaches the'egg and fertilizes it. The zygote is thus formed and the sporophyte
generation starts. The zygote is diploid. In some liverworts sex chromos(}mes of XY type are also
found (e.g. Sphaerocarpuis). . -

In mosses and liverworts the antheridia are on the surface of the thallys. In hornworts

-antheridia are present Pmbedded in the thallus.

The fetilized egg divides transversely without any resting stage Further divisions occur in the
zygote and a mass of tissue is formed. This mass of tissue gets differentiated into bulbous foo,
elongated seta and ar oval sporé sac or capsule. Foot is fixed to gametophyte and it absorbs food
from it. Thus, sporophyte is dependent on ghametophyte. Seta helps in the transport of food and
dispersal of spores. In some bryophytes the seta is absent. !: :

The capsule consists of spore mother cells, Spore mather cells are enclosed by ajacket layer.
Each spore mother cell is dlplofd ‘It divides meiotically to form four haplotd spores. The haploid »
spore germinates and produces an ovoid, spherical or plate-like and some times filamentous stage. -
This is called young thallus or protonema stage. Later this stage develops into an aduit plant. Dipima

stage’is the starting point of sporophyte. The meiosis is the terminating point for sporophyte.

Many brj.ropl:ljv'tes,-mostlyL liverwerts, form asexuoal reproducu:ve structures-called gemmae A
gemma germinates after it has fallen from the parent plant, The gemma after germination gives rise -
to an adult plait. Each cell of the gametophytic thalhls can dmde and Tegénerate into new plant

.
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Regeneration also occurs from the cells of the spf)rophy'te, for‘ming agreen gametOphytic plant. Such
. a growth of a zametophyte from a cell of a sporophyte is termed apospory.

The bryophytes life cycle shows two alternating generations- haploid gametophytic (sexual) -
and the diploid sporphytic (asexual) generations The gametophyte gives rise to the sporophyte by
the union of gametes and sporophyte gives rise to the gametophyte fonmng hdplmd spores after

. IﬂClOSlS ' .

f” Gametophyte intervenes between meiosis and fertlhzatlon Gamctrphyte is haploid and
L sporophyte is diploid. Most of the bryophytes have similar spores in capsules, hence homosporous.

Fossil bryophytes have also been reported from palaeozoic and mesozoic times which are
ava:lable in-the form of impressions »rnpressmns prmts, etc.

19.3.3. Origin and Interrelationships

Opinions differ about the origin of bryophytes. Scotfe (1911), Kidston and Lang {1919),

Heskell (1949)-and Proskauer (1969) believe that the bryophytes might have orginated from eatly

" vascular plants. Bryophytes reseinble the psilophytales (Primary vascular plants) in being roollcss
and leafless, and in bearing dichotomous branching and terminal sporangia. .

Lignier (1903), Fritsch (1945) and others state that the bryophytes have originated from green
alage. Bryophytes resemble the green algae in possessing amphibic nature, autotrophism, green
pigments, starch and cellulose as components of cell wall and alsq in possessing green filamentous
protonema stage. < 6 A

1934, Habitat ~- Q ]

The following are some specific examples: Ric?u‘mnk (in water) Marchantia plagiochasma
(xerophytic) M. pofymorpha (on humid soils, burnt wet ground), Anthoceros erectus (on wet soils),
Funaria hygrometrica (on damp ground) Polytielfus'spp. (in wood, peat, damp soil).

l19.35 Distribution . <2>

Bryophytcs are worldwide in distribution-both in tempsrate and tropical regions. Xerophytic
liverworts which occur in bare rocks and in dry places are found in Gujarat, South India, Rajasthan
and Madhya Pradesh. Few species are also found in waters of Jakes located in Varanasi and Kashmir.

Western ghats, Eastern Himalayas, Kumagn region; Mount Abu, and Eastern ghats are ridﬂy,'
covered with mosses and liverworts. *fosses are mostly found in Eastern Himalayas, Sikkim, Khasi
hills, Manipur, Western Himalayails, plains of Punjab and South India.

Light, tempeftature, water and humid weather are some of the factors mﬂuencmg the
ditribution of bryophytes

Check Your Progress - 1&2

1. Describe bncﬂy the two opinions with rcgard to the origin of bryophytes A R
2. Write about the habitats of bryophytes.
~Note: {a) Write the answer in the space given, bclow

(b) Comipare your answer with the one given at the end of this unit,

e T T T S O e T T R R L
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19.4. CLASSIFICATION

Classification is the systenatic or orderly arrangement of plants based on théir morphology,
internal structure, reproduction, chemical constituents of the plant parts and relationships with other
plant groups, Takhtajan (1943) and Lam (1948) proposed the name Bryopsida to Bryophyta _Eichler
(1883) classified bryophyta into Hepaticae and musci. Bold (1956) ealled Hepaticae as ‘Hepatophyta
, and Musci as Bryophyta. .

Classnﬁcatlon Based on Proskauer (1957) as Detailed by Parihar (1972 -

Division — Bryophyta R .
1 N\

¥ : ¥ . _ ¥
Class'-I:praticopsida Class - Anthocero\topgda ) Class - Bryopsida
Order 1. Calobryales Order _1.- hocerotales "_ Order - 1. Sphagnales
2. Jungermaniales \ . : 2. Andreales
3. Sphaerocarpales . 3. Polytrichiales
4, . Marchantiales Q_\ . o ‘4, Funariales

The di\risiOn‘Bryophyta%des approﬁmatcly 24,000 species belongiog to 960 genera.
Marchanuales-Marchantlaceae | ' h

- The plant body of Marchantiales is a gametophyte, prostratc green, dorsiventral and
dichotomouslybranched with marked midrib. Both scales and rhizoids are present on ventral surface.
Sex organs are produced on ¢levated stalks or grouped into receptacles. Sporogo::mm is simple with
seta or without seta. The order has 35 gonora ‘and 420 spec;es Var:ous workers have spht tlns order”
into many families.

In Ricciaceae the sporophyte is not differentiated into foot, seta and capsule but rcpresentcd
bya sporogomum ‘only. . .

. Marchantiaceae differ from Ricciaceae in bcamlg sex organs.on stalked crect branches Thc
sporophyte also differs from Ricciaceae in having foot, seta and capsule Sterile cells called elaters’
are present in capsule. . !

Anthocerotales—Anthocerotaceae

The class Anthocerotopsida has a single ¢rder- Anthocerotales. ‘The plant body is simple,

‘lobed, dorsiventral and without mid-rib. Rhizoids are present and scales are absent. Antheridia and

archegonia are embedded in the thallas Antheridial development is endogenous and one to

. numerous antheridia are formed in antheridial chamber, Sporogonium consists of bulbous foot,

, merestrematic zone'and long cylindrical capsule in most forms. Capsule has central columella,
o spores, pseudoelaters and multilayered wall, Wall of the capsule oftén contains chloroplasts.

V76 ' . L



Bryopsida-Bryidae-Funariales

The sub-class Bryxclac embrace 675 genera and 14,000 species. The order-funariales are
characterized by small annual or biennial plants. Leaves are sessile and present in groups. Capsule
is broad and operculum is never drawn into a long beak. Peristome teeth are arranged in two rings.

19.5. LIFE CYCLE OF A BRYOPHYTE

Gametophyte plant produce antheridia and archegonia, the sex organs. Antheridiuin releases
antherozoid which fertilizes the egg of the archegonium. Diploid zygote is formed. Zygote develops
into a mass of diploid-tissue, the sporophyte, which is dependent on the gametophyte. Sporophyte

gets differentiated into foot, seta and capsule in most of the forms. Sporocytes of a capsule undergo-

meiosis and haploid spores are released. Spores germinate and give rise to young gametophyte. These
young plants grow into adult gametophytes: Thus, it is.clear, life cycle of a bryophyte consists of a
regular alternation of haploid sexually reproducing generation with a diploid asexual generation:

19.6. SUMMARY

Members of Bryophyta are primitive plants, They are small and simple without trug roots,
stems, leaves, flowers or vascular system. Usually they occur in wet soils. The main plant body isthe

" gametophyte which bears male (antheridia) and female (archegonia) sex organs. Sporophyte is

attached to the gamctc;phyte and is wholly or partially dependent epon gametophyte for its nutrition.

Sexual reproduction is by oogamy. The gametes are produced within the multicellular sex organs,

which possess an outer layer of sterile jacket cells. The fedﬂm grows into a small sporophyte.
Sporophytes are often differentiated into foot, seta and

capsule or sporogonium, Each spore grows into a @]fmt (gametophyte). Gametophytic
on. The division Bryophyta has been
divided into three classes: Hepaticopsida (].werworts)

generation regularly alternates with the sporophyuc: E :
(Mosses).

"
|

19.7. CHECK YOURPROGRESSIMODELANSWERS . . -

1. According to the first opinion expressed by Scotte (1911), Kidston & Lang (1919), Heskell (1949)
and Proskauer 1960, the bryophytes are originated from early vascular plants. But according to
the second opinion put forward by ngmcr (1903), Fritsch (1945) and others the bryophyteq ate
ongmated from green algae.

'\

2. The bryophytes are world wide in distribution and occur mostly in shaded ground on wet rocks, .

at the base of trees on burnt humid ground and on humid soils. The xerophytic hvcrworts occur
on rocks and in dry places Some are aquanc and found in waters of lakes.

19.8. MODEL EXAMINATION QUESTIONS

“l. Answer thc\: following questions in about 30 lines each.

3} " 1 What are the salient features of bryophytes. = _
2. Write briefly about the classification of bryophyta. S

‘11, Answer the following questiois in about 10 lines each.

1. Write briefly about the origin and distribution of bryophytes ‘
2. Write about the morpholog}' of bryophytes.

»Spores are produced within the.

iocerotopsida (hornworts) and Bryopsida.
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UNIT — 20: MARCHANTIA

‘Contents
.204. Objectives

© 209. Model Examination Questions
~ 20.1. OBJECTIVES

. By the end of this uni¢you will be able to: .~ '

A\._

20,2, .Introduciion

© 20.3. Morphology

204, Internal Stn - ire
20.5. Reproductiva

- '205.1. Vegetative Reproduction ' S

2052. Gametophyte — Sexual Reproduction ‘ o

' 206. Life Cycle | ;
' 20.7. Summary | : .

208, Check Your Progress: Model Answers

/
1. describe the morphology and internal structure%f&fckantia,
2. define and differeniiate the terms gametop porophyte,

" 3. drawalabelled diagram and descnbe theg Anthendlophore and Archegomo phore of Mar-

., chantig,

4. describe the process of development omsporophyte of Marchanﬁa and developmen* of spores
into an young gametophyte. _ . :

20.2. INTRODUCTIOﬁ() | | ST ‘

Marchantia is the best known genus of the family Marchantiaceae of thc order Marchantiales
and class Hepaticopsida. It has 65 species. Marchantia polymorpha’is the commonly found species.
Species of Marchantia are very common in Himalayas. They grow in moist places, near the banks of
streams or shaded cliffs. Marchantia polymorpha var aquatica occurs in water.

-

20,3.- MORPHOLOGY |

Thallus is a gametophyte It has a prostrate thallus, which branches dichotomously. It' in
differentiated into green dorsal surface and colou:less ventral smfacc A midrib w1th ashallow grove
can be seen’on the/dorsal surface. !

" Close look' of the dorsal surface shows the presence of polygona.l areas. Each area has ‘an
opening or air-pore, Apex is notched-and growing point is situated at the base of each notch. Dorsal

" sutface bears sex oxgans and cup shaped g. . mae. Gemma falls on t1 the gronnd and on germination

gives rise to two adult plants.. Sex organ, ate produced on spe I stalked branches. These are
unibrefla like in structure. Male sex organs are produced on antheridiophores. Female sex organs .

' are produced on archegoniophores. The sporophyte is inverted and dlfferentlated into foat, seta and
. capsule, ‘

The ventral surface bears umccllular rhizoids and muitlcellular scales. Rhizoids are elthen
smooth or rough. These help in fixation and absorptxon. Multloe].lular scales help in proteéﬁg the?

owmst:p(FI&Z&IA,B) R o .



. A B ’ i _
Fig. 20.1 Marchantia. A. Male thallus. B. Female thatlus. 1 Midrib. 2. Gemma cup.
3. Antheridiophore. 4. Receptacle. 5. Archegoniophere. 6. Rhizoids. 7. Scales..

s

20.4. INTERNAL STRUCTURE

. -

A transverse section of the thallus shows upper and lower single layered epidermis. Upper’

" epidermis is noncontinuous as it has stofnata or air pores, Lower epidermis has rhizoids and scales,

. Below the upper epidermis air chambers are arranged in a sin_glghﬁ?zontal layer. Each air chamber -

is seperated from the other by single layered partitions. The contain chloroplasts. In each
chamber green filaments are grouped. These help in phbtosynthesis. Ventral region has storage

‘tissue. It is thin walled and parenchyamatous. They contain s .Some cells contain oils or mucilage
(Rig. 20.2). .- J?\ .

-

'Fig.‘ 202 Marchantia. ATS. of thallus 1 Air porc.‘z. Upper épidermis. 3. Assimilatroy tissue. 4. Paren-
chymatous tissue. 5. Lower epidermis. 6. Multicellular scale. 7, Tuberculate rhizoid, 8, Smooth rhizoid.

20.5. REPRODUCTION

Reproduction takes place by vegetative and sexual nie_an:s.

20:5.1 "~Vegetati've lieproduclion,

The common method ‘of vegetative reproduction is due to fragmentation, decay and death. -

 Surviving branches become ‘adult plants. Gemmae are produced i cups (cupule).on‘ the dorsal

s
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surface along with the midrib. Each gemma has one celled stalk and multicellular disc like stricture,
Gemma develops from the cells lining the base of the cup. J

A cell becomes enlarged. It divides by transverse wall into stalk cell and upper gemma call,

Gemma cell divides by transverse and vertical divisions. :

A mature gemma is multicellular and disc like. It is biconvex in the middle but thinner at the
edges. It has two notches where the growing point is located, Gemma cells contain chloroplasts, few
contain oil or mucilage. Some are rhizoidal cells. Gemma breaks and seperates from the stalk cell.
Many gemmae are produced in a single gemma cup; in between gemmae, sterile hairs are present.
These hairs absorb water and pressurise the gemmae to come out of the cup. Gemmae falt on soil. ~
Rhizoids are produced from rhizoidal cell. Bilaterdlly symmetrical gerama develops into dorsiventra:}
thallns bearing sex organs (Fig. 20.3 A B). :

Fig. 20.3. Vegetative reproduttive body ofddorchantia. A. Vertical scetion of thallus showing gemma cup:
B. Mature gemma. 1. Thallus. 2. Genima\3¢ Gémma cup. 4. Notch. 5. Stalk. 6. Oil cell, 7. Rhizoidal celi.

Check Your Progress - 1 \ Q—‘

Describe a mature gemma. Q)

Note ; (@) Write the answer in the space given below, -
(b) Compare your-answer with the one given at the end of this unit.
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- 20.5.2, Gametophyte — Sexual Reproduction

Marchantia reproduces sexually. Male and female thalli are different. Antheridia, the male
sex organs, are produced on antheridiophores and archegonia, the female sex organs, on
archegoniophores.” Antheridiophores or archegoniophores are the upright branches. These are
continvous with prostrate thallus but grow into erect (Fig. 20.4 A,B,C) and elongated structures.

Fig. 204. Marchantia. A. L.S.of Antheridiophore. B, L.S. of Archegoniophore. C. Mature
Archegonia. 1, Ansheridiat stalk. 2. Disc or receptacie. 3. Antheridial chamber. 4, Antheridium,
5. Air chamber. 6. Thallus. 7. Archegonial stalk. 8, Ray. 9. Peri um. 10. Archegonium.
11. Perigynium. 12. Venter. 122. Egg. 15. Ventral canal @ Neck eanal cells. 16. Neck.

- Antheridiophores A - ?“

Antheridiophore consists of multicellnlar statk. The stalk ends in a flattened receptacle
or disc haping five lobes. The receptacle o; consists of air chambers, photosynthetic filaments,
ai’pores and antheridial chambers, which open by a channel.

Fig, 20.5. Antheridial developmént in Marchantia. A-D. Different stages. 1 Amh.eridigl initial. .
2. Outer cell. 3. Basal cell. 4. Stalk cell. 5. Stalk. 6. Antheridial camber. 7. Jacket layer. 8. Androcytes.
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. Each such cavity with an openinig is filled with antheridium. Older antheridia are distributed
in central cavities and.young antheridia are located in the sides of the disc.

Each antheridium develops from a single cell. This cell is located in the dorsal furrow and is ,
known as the antheridial initial. this cell is present iitside the cavity at the base. It bulges out and
becomes two celled by a transverse division. Basal cell remains in the thallus, Onter cell becomes
filamentous by three or four. transverse divisions, resulting in a 4-celled antheridial filament.

The upper tier becomes primary antheridial cells and the lower tier act as stalk cells. In the
upper tier of two cells two vertical walls (anticlinal) appear at right anglés to each other. Two tiers
of four cells each are formed. Periclinal walls appear in both the tiers of four cells. At this stage eight
sterile cells are.cut off from central eight fertile cells. The sterile cells divide anticlinally to form single

layered jacket of wall of the antheridium (Fig. 20.5 A-D)

The eight fertile cells undergp many divisions to form a mass of small cubical androgonial
cells, Each androgonial cell is called androcyte mother cell. Each androcyte mother cell divides
diagonally into two triangular androcytes. Each androcyte metamorphoses into an antherozoid.
Mature antherozoid consists of a nuclear portion, the blepharoplast, terminating head and two
flagella. One flagellum helps in forward and backward movement: The other helps in rotation and
direction. Antherozoids are rod like but when they §wim they look like a crawl.of a snake
(Fig. 20.6 A-E) ' ’

Mature anth¢ridium consists of a short but a few celled stalk. An oval body consists of wall
layer and central mass androcytes. Each androcyte produces one biflagellate antherozoid. Water
enters the antheridial chamber. The antheridial wal@ absorb water, become soft and finally break.
open. Semifluid like mucilaginous mass. of @'h?rozoids come out of the antheridium and the
chamber. Antherozoids are haploid. / )

® -
Fig. 20.6. Antherozofd fc;rlﬁatibﬁ. A-E. Different stages. 1. hhdor(;éy'(le"s:z._ Blepharoplast. 3. Nucleus. . -
4. Comma shaped antherozoid. 5. Sickle-shaped Antherozoid. 6. Flagelium. 7. Body of Antherozoid.-
-Archegoniophores T : ~

Female sex organs are produced on archégoniophores. Archcéoniophdres’hax/e an erect stalk
and aflattened disc. The disc becomes eight lobed and sterile elongations called rays are present in
between the lobes. Lobed disc is produced due to repeated dichotomy of the growing point. The -

- archegonia are produced in acropetal succession. Before fertilization.the archegoniophore is very -

short. Archegonia are produced .as erect .Structures on the di%c. After fertilization the
archegoniophorg elongates and disc alsoswélls. As a resuit, the apical region having archegonia now
come-on its underside. Archégonia are inverted in position with their necks downwards. Each group
of archegonia becomes surrounded by a certain membrane-like sheath called perichaetium. Stout
fingertike expansions called rays develop. These raysradiate from central discand curve downwards.

The archegonial disc'now looks like anumbrella: o . >



Archegoninm develops from a superficial dorsal cell, It 1s situated on the apex, It divides
* transversely to from a basal cell and an outer cell. Basal cell gives rise to venter of the archegonium.
Outer cell undergoés three successive vertical intersecting divisions. Thus three peripheral cells lie
_ lateral to a fourth cell. The fourth cell is primary axial cell. Vertical division in each of the three
- peripheral initials produce jacket cells or wall cells. Transverse division of jacket cell gives rise to

¢ sixneck initials which lie above a tire of six venter initials, Repeated-transverse divisions of the neck -

initials result in a tube like neck, The six venter initials by both transverse and vertical divisions give
rise to the jacket of the venter, Primary axial cell divides transversely into upper primary cover cells,
towards the apex. The central cell by transverse divisions forms neck canal cell and ventral cell. Neck
canal cell develops into four neck cells. Ventral cell by an unequal division, forms into a small ventral
canal cell and a large egg (Fig. 20.7 G).

- Fig. 20.7. Development of archegonia. A\;G%ﬁm stages in the development. 1. Archegonialinitial. 2. Outer«
cell, 3. Basat cell. 4. Periph€ral initial. 5. Primaly axial cell. 6. Primary cover celt. 7. Cemral cell. 8. Venter.

Mature archegonium is a flask shaped structure. It has a long neck and broad venter, Venter
is surrounded by a single layered wall and encloses an egg and ventral ¢anal cell. The.neck is

surrounded by a single layered sterile jacket cells; Centre of neck consists of a vertical row of four -

neck canal cells. Upper pari of the neck consists of four large cover cells or lid cells.
.Fertilization :

b
As the archegonium matures, the ventral canal cell and neck canal cells. disintegrate. It
becomes mucilaginous. This mucilage absorbs water swells and pressurise the lid cells to disintegrate-
resulfing in a free passage to the egg. .

In the presence of water the anthcndlal wall becomcs soft and dlssolves Antherozou:ls are
forced out through the pore. :

Water is necessary for antherozoids to reach archcgomum The fluid present near the neck of

archegonium attracts antherozoids. Antherozoids are carried to the egg and fertilization is effected.
Sporophyte-Sporogonium _ .

-

Thic fertilised egg is diploid. It enlarges and secretes a célldlose wall. The sterile cells around

venter of archegonium divides periclinallly. Thus a tissue of two or more cells in thickness forms and
it surrounds young sporophyte. This is called calyptra. The stalk of archegonium elongates and

" ‘becomes long. Cells near venter divide to form collar like out growth, perigynium. Ca.lyptra
pengymum and perschactmm laycrs give protectlen tothe young sporophyte.

183



-

Zygote divides transversely giving rise to an upper cell and a lower cell. Second.wall is af right
.angles, Thus a quadrant is formed. The upper tier forms the spore sac of a capsnule and lower tier
" gives rise to foot and seta. The embryo becomes 8-celled. It clongates ang divides, The basal cells
divide and give a parenchymatous tissue. This tissue gets differentiated into a foot, an absorbing
organ, and the seta with long vertical rows of cells. Sefa'is also elongated in mafure sporophyte.
Growing seta pushes the capsule through the surrounding tissues including the protective layers. In
the capsular region the outer cells divide periclinally. As a result’amphithecium is formed. This
* becomes wall layer or jacket layer of the capsule. Inner tissue is called archesporium. Some
sporogenous cells become spore mother cells. Meiosis occtirs in these cells. Spore tetrads are
formed from sporocytés. The sporogenous cells, which do not'forip spores, become sterile. Each
stexile cell is long, slender.and pointed at both the ends and protoplasm disappears. It develops the
spiral band. These spindle shaped, long and slender spirally thickened cells are known as elaters
(Fig208 A-C). ~ ' )

Fig. 20.8. Devetopment of sporo ) “#-C. Different stages. 1. Perigynium. 2, Venter. .
3. Differentiation of spoquia[ issue. 4. Foot. 5. Scta. 6. Capsule. 7. Calyptra.
X 3 : |
Mature sporogonium possess a foot, seta and capsule. Foot is bulbous in shape. Itis gmbedded
in the gametophyte. It absorb@r and food form the gametophyte. Seta is-stalk-like structure
connecting the foot and the capsile. Capsule is an oval structure. It has one layered jacket layer,
9}

Fig. 20.9 Structural characters of sporogonmm and its oonténl.s. A D?hising capsule. B, Vertical secuon ot: the
sporogonivm. C. Elater. D. Spores. 1. Thallus. 3, Foot. 3. Seta. 4. Calyptra. 5. Blater. 6. Spore. 7. Perigynium.
8. Capaule. 9. Jacket. 10. Stalk. 11. Spirally thickened wall. 12. Elater. 13. Spiral thickening. 14. Inner smooth wall.



Inside this-sporés and elaters are present, Sudden elongation of seta breaks the calyptra and pushes
the capsule. Elaters are hygroscopic and help in the release of spore mass, Elaters can twist in dry
weather and uncoil in moist weather, Thus elaters help in loosening spore mass and dispersal of
spores (Fig. 20.9 A,B). .

Spores are small and globose. Ea‘ch- spore shows four faces in ¢utline, It has an outer wall and
an inner wall, Single nucleus and granular cytoplasm are present in each spore (Fig. 20.9 C).

" Chéck Your Progress - 2 *
‘What are elaters? Write about their function.

Note: (a) Write the answer in the spacé given below.
{b) Compare your answer with the one given at the end of this unit.

T T T T T R I I I I
..............................................................................................
............................................................................................
.............................................................................................

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

Young thallus *

Spores germinate if moisture and nutrients are availabl@crvﬁse they undergo a period of
rest, Four spores are formed from each sporocyte of whicH twa spores germinate and grow into male
plants; other two spores grow into female plants, $ iricrease in size and divide to form an
irregular filament of 6-8 eclls. A cell at the tip of the ent starts functioning as an apical cell. It
divides to form a many celled sheet. Apical celli§'teplaced by a transverse row of apical initials. This
grows into an adult plant (Fig. 20,10 A-H). o

(e

Fig. 20.10. Different stages in the development of spbm in Marchantia. A. Spore at the shedding stage.

B.Enlarged spore. C-E. Development of young gametophyte. F. Typical young gametophyte. G. Advanced
stage in thé development of thaflus.-H. Branched thailus. 1. Chloroplast. 2. Genn tube. 3. Rhrzoid.

206. LIFE CYCLE

" There is an alternation of generatioh in Marchantia. Sporophyte alternates with the
“gametophyte (Fig. 20.11), -
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20.8. CHECK YOUR PROGRESS : MODEL ANSWERS

" Marchaniia
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- /———-—'_‘_H -
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- Spolzo,l:lme
ﬁg 20.11. Graphic !ife-c\-ycle of Ma:wchaotfa'? :
o _ ’ . [
20.7. SUMMARY - A

P i : ' -

du.hotomously branched and dorsiventrallydifferentiated. Vegetative reproduction is by-gammae.
Antheridia and drchcgomd are pro@on erect and elongated stalks called anthendmphorc and

archcgomophorp respectively. Sporophyte is differentiated into bulbous foot, eléngated seta and an
oval capsule. -Sporophyte is %ant on gametophyte. Gametophytlc generation alternates

regularly with the sporophytic genération

. Generally species of Marchantia oﬁiﬂi\nﬁzlsl places. Thallus (gametophyte) is prostrate, :

/

1. A mature gemma is mult:ccllular and disc like. It is biconvex w:th thick middle portion and thin
margins. it has two notches. The growing points are located in those two notches. The chloroplasts

are present in all the cells except few cells which contain oil or mucﬂago The gemma is attached
to the thallus by a stalk cell, . ;

2. Elatets are the spindle shaped, slender, long and spirally th:ckcned cells present inside the
sporogonium. These.elaters are uscful in the liberation of spore mass from the sporogonium,

20.9.— M\ODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 lines each. : .

1. Write about the external and internal structure of Marchantia thallus
2. Describe the devclopment of antheridium and archegomum in' Mamharma



11, Answer the followmg questlons in about 10 lines each.

Discuss about the morphology of Marchantia thm‘krs

With the help of a diagram write about the internal structure of Marchantia.

Discuss about the vegetative reproduction in Marchantia with the help of a d:agram
Write briefly about the internal structure of authendlophore of Mmhant:a

Writer briefly about the internal structure of archegoniophore of} Marchwzua. -
Discuss about the development of the sporophyte of Marchantia.

P s

.

187



UNIT — 21:ANTHOCEROS(HORNWORT)

Contents

21.1.+ Objectives

21.2. Introduction

21.3. Morphology ‘

21.4; Internal Structure - T : A

21.5. Reproduction : ’ : -
21.5.1 Vegetative Reproduction ;

\ 21.5.2, Sexual Reproduction - _ '

216. Life Cycle ’ _ '_

217, Summary I :

21.8. - Check Your Progress : Model Answers . -

21.9. Model Examination Questions -

21.1. OBJECTIVES

By the end of this unit you will be able to: - \> . :

L. describe the morphology and internal strugture ef4nthoceros thaltus, ) .

2. describe the male and female reproducti @ viz., antheridia and archegonia with the help
of neatly labelled diagrams, © N : - ’

3. draw a well labelled diagram of the sperogonium of Anthoceros.and describe it and
4. list out the different stages in the life.cycle of 4nthoceros. !

Q5

| : s | ;
21.2. INTRODUCTION L

The genus Anthoceros belongs to the family Anlﬁocerotaceae, of the order Anthocerotales
and the class Anthocerotopsida. Anthoceros is world wide in distribution. It has 200 species
distributed in colder regions and also warmer parts of the world. 25 species are reported from India
from western Himalayas, Mussofie, Kumaon region, Chamba valley, Kerala, Poona, Lucknow and
Nilgiries. The plants grow in humid places, moist and shady places,;in ditches, crevices of rocks and

“also on decaying woods. CoT i

21.3. MORPHCOLOGY

The gamaetophytic thalli are fleshy, dark green dorsiventral and thickened along the median

region. Numerous smooth walled rhizoids are borne or ventral sutface, Growth is effected by a=

o

apical cell and the branching is due to the division of apical cells. Thatlus is branched by repeated -

dichotomy. Therefore, the thallus becomes lobed. Mostly the tHalli are amwals or perennials
(Fig.211. AB). ' :



. :211.  External morphology of two different species of )
Anthoceros. A, Anthoeeros fusiformis B. Anthoceros crispulus

21.4. INTERNAL STRUCTURES

A transverse section of the thallus shows upper and lower epidermal layérs. These are single

layered. Upper epidermal cells are regular in arrangement with ¢ lens shaped chloroplasts.In
between the two layers the region is composed of unspeci thin walled, parenchymatous cells,
The ventral portion of the thallus has large intercellular cavitigsfilled with mucilage. Slime pores also
open out as air openings. These cavities are- fill dowith a_blue green algae, Nostoc. Each
parenchymatous cell has a large oval chloropla%{?lha ntral pyrenoid (Fig. 212).

vnonge,

1

Fig. 21.2. T5. of thallus of Anthécéros 1. Upper epidermis. 2. Chloroplast. , -
. 3. Mucilage cavity. 4. Nostoc filaments. 5. Lower epidermis 6. Unicelular rhizoids.

21.5. REPRODUCTION : o

Reprodnction takes place by vegetative and sexual methods.
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21.5.2. Sexual Reproductlon.

‘formed at the apex of the antheridium (Flg. 21 3).

il

21.5.1. Vegets;tive Réproduction‘

After the death and decay of the older parts, apical rcglon of the thallus grows into a new
thailus. Tuber like structures are also- produced by the thickening of marginal thallus region, Under *
unfavourable conditions tubers grow into young thalli. When condltzons become f.avourable gemmae
also octur in some species ofAnthoceros :

The gametOphytxc thalli may have male and female sex organs either on the same thallus or
on different thalli (monoecious or dioecious). The sex organs are embedded in the dorsal surface of

" . the thallus. Antheridia develop singly or in groups inside antheridial chamber. These are scattered -

over the surface of the thallus. Except the wall layer or Jacket layer of the sex organs, no othcr tlssue
protects the egg,

* Mature antheridia has a club shaped body borne on a slender stalk. Single layered jacket is
present. Each cell of the jacket layer has a chloroplast and antheridium becomes green when mature.
Antherozoid is a dumbell shaped body with two flagella. On absorption of water an aplcal pore is

--..______-‘ ) N
- Fig, 273~ Antheridial chamber with antheridia in the thallus of Arm.ocems. :
1. Antheridial chamber. 2. Jacket layer. 3. Androcytes. 4, Slender stalk.

Mature archegonium is deeply seated in the dorsal tissue. Only the cover cells pro;cct out of
the thallus. Each archegonium has a central row of 4-6 neck capal cells, a ventral canal cell and an
egg. The egg S protected by vegetative cells (Fig.21.4A). The archegomum of, Anthoceros resembles
the archegonium of some primary vascular plants (Pteridophytes).

Before fertilization the neck canal cells and venter ¢anal oell dxsmtcgrate ‘Four cover cells
separate a and a passage is formed down to the egg (F' ig- 21.4B). Fertilization is eﬁ’ected

The fertilizedegg dcvelops intpa sporophyte Sporophyte-cons:sts of foot, mcnstematlc region
and capsule, This sporophyte is one to several centimeters hight. It consists of an émbeded, expanded
and bulbous foot. A sheath of gamctophmc tissue covers the foot,'Abaye the foot is a region of
meristemati cells. This meristem is sheathed and protected by'ﬂlc:gametoplrytc tissue. Menstcmauc
reglon gives rise to cells whlch get dlffcretmated into tissues of the capsule. . -



——

Fig. 21.4. Archegonium of Anthoceros. A. Mature Archegonium. B. Archegonivm ready for fertilisation.
1. Venter. 2. Bgg Cells 3, Venter cana cell, 4. Neck canal cells 5. Neck. 6. Cover cells. 7. Neck cavity. -

~ Meristematic region is active and depends for water and nutrients on gametophytic tissue.
Much elongated portion is the capsule. It is 2-3 or 5-15cms. in length. The capsule projects out of the
* thallus like a horn. Hence the common name, hornwort. Capstle shows a complex structure. Ceatral
portion of the capsle is occupied by many rows of sterile cells called columella. This is like a central
tube, continuing from base to the tip. Cells of the columella are narrow, elongated and have somewhat

e LI,
VET

i

o

™

Fig; 21.5. LS. of-sporophyte of Anlhecerss. ‘1. Spore tetrad. 2. Pseudoclater
3. Spore mother cell. 4. Blater cell 5. Epidermis 6. Capsulewall 7. Archesporium
8. Columelta 9. Inyolucre .10. Meristematic region. 11 Foot. 12. Thallus

191"
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thickened cells. Columella gives mechanical support tothe long capsule’and also helps in the dispersal . '
of spores. Surrounding the columella, there are two layers of sporogenous cells. These cells are
changed into spore mother cells and pseudoelaters Spore mother cells undergo meiosis and produce
spore tetrads. Outside thi§ is a cortical region of photosynthetic!cells covered by an epidermis.
Epidermis has stomata (Fig. 21.5A:E) The capsule is ready for dehisccnce whcn its tip becomes
black to brown.

Undgr dry condmons, the tip of the capsule looses water and shrinks. The wall of the capsule

resists the pressure of spore mass and pseudoelaters, Now the first sllt appears. It gradually extends
downwards. Psendo-elaters do twisting movemerits.

L

Pressure is created due to the spore mass. A back pressure!of the spore mass is created. A
number of splits appear. Alr currents also help in breaking the capsule Capsule breaks and spores
are dispersed. - . Y

Theé spores are tetrahedral. Each-spore is ¢overed by a thick cxosporc and inner thin
cndospore The spores are dark brown, Each spore has a nucleus, colourless plastid,oil globule and
other food contents. Spores germinate immediately or undergo resting period. Exospore breaks and.
endospore comes out like a papilla. Papilia elongates into a germ tube. Plastids develop chlorophyll,
Qil drop and food material pass into germ tube. Three celled filament is formed. Upper celi of the
filament undergo vertical division and many other divisions. Thus multlcel]ular mass is formed. T]‘lls
develops into an adult thallus (Fig. 21.6A-E).

£

~ Fig. 21.6. Spore germination in Anthoceros. A, B. Mature spores of two different
species. C-E-Stages of germination. 1. Exospore. 2. Endospore. 3. Triradiate
- ridge. 4. Endospore protrusion as: papllla 5. Three celled filamem 6. Oclant.

Check Your Progress - 182

1. How does Apthoceros rcproducc vegelatwely" -
2. Wheré do you find Antheridia? R B
Nofe: (a) Write the answer in the space given below, -

(b) Compare your answer with the one given at the end of this unit.
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' , ‘Gametophyte alternates w:th Sporophyte The diagrammatic life cycla ofAnrhocems is given.

Anlhouuos
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- - Fig. 21.7. Graphic life oycle of Anthioceros

Occassionally vegetative cells of the sporophiyte directly give rise to gametophytlc thalfi, This

process is called apospory,

The sporophyte of Ant,koceros is partiall)? independent than other bryophytes. It resembles
fossil vascular plants, the Psilophytes, in being root less, leafless and with terminal sporangia. Most
botanists believe that the ancestors of the vascular plants must have evolved from Anthoceros of
Anthoceros - like green plants. Therefore Anrhocems has been given a separate position paral.lcl to
mosses and liverworts. -

' 21.7. SUMMARY

Species of Anthoceros (hornwort) grow in humid soils and moist and shady places. Thallus
(gametephyte) is fleshy, dorsiventral, thickened along the midrib region. Growth is by an apical cell,
and repeated dichotomy results in lobed thallus. Antheridia and archegonia are deeply seated in the

Spore mother cellr ot
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21.9. MODEL EXAMINATION QUESTICNS

P

thallus. The antheridia are endogenous in development. Sporopliyte consists of an embedded and
expanded foot and a-slender, erect and cylindrical capsule. At the base of the capsule, a imeristematic
region is present due to which the growth of the capsuls is indetérminate. The cortical cells of the
capsule contain chloroplasts, Capsule has a central columella of stefile cells. Epidermis of the capsule -
Posses stomata. Gametophytlc gcneratlon regularly alternates with the sporophytic generation.

: ‘<

21 8. CHECK YOUR PROGRESS: MODEL AN SWERS

1 Antkocero.s' reproduces vegetatwcly by 3 dlffcrcnt ways (a) By the death and decay of the older
parts the apical regions grow into few new thalli. (b) By the thickening of the marginal thallus
region some tuber like structures® are produced. These tubers grow into young thalli under
favonrable conditions. (c) Somé species also reproduce by gemmae under faveurable coaditions

2. The anthcndla the male sex organs, are produced inside closcd, cav:t:es in the dorsal surfaces of
the thallus. ' :

‘1, Answer the following: questions in about 30 lines each.

1. Write briefly about the‘morphology and sexpal yeproduction in Anthoceros:
2. Discuss in detail the structure of spon@ nthoceros."-

II. Answer the l'ollowing questions in about s each,

1. COmpare the external and mtema}%zﬁcture of the thallus of Marchantia andAnthoceros
2. Descnbe briefly the external anduinternal structure of Anthoceros. . '
3. Describe the structurc%nature of antheridium and archegonium of Anthoceros.

1
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22.1. OBJECHIVES

After going through this Unit you will be able to:

describe the morphology of the gametophytic plant of Funarja,
describe the internal structure of stem and leaf of Funaria
describe the strlucture of antheridia and archegonia of @m

describe the mtcrnal structure of the mature capsule o aria,

draw the d:agrc 'ms and describe the successive stag\e?fn the germination of the spore and forma-

tion of protonema and »
draw a graphicilife cycle of Funaria.

T SR

O

2

22.2. INTRO]E)UCTION
. “

Funaria belongs to the class Bryopsida order Bryales and family Funariaceae. The name
Funarig is derived|from ‘Funis’, a latin word which means a rope. It has 117 species. Among them
only 15 species are found in India. Funaria hygrometrica is of common occurrence. It grows on wet
soil, on walls andln the crevices of rocks. : . L

L [

22.3. MORPHOLOGY

Gamcmph ytic plant has a leafy axis. It ranges from a few millimeters to several centimeters in
height. The axis 1s' branched consisting of small, flat, lateral structures, the so called ‘leaves’. Many
rhizoids are formed at the basal region of the axis (Fig. 22.1 A,B). '

The adult gametophyte develops from juvenile stage or protonema. Protonema develops

. directly from the sporc It is a branched filament of green and elongated cells. The branches that are

‘pushed down intg the soil or the substratum have oblique cross walls and lack chioroplasts. The

portion of the prclsltonema which grows on the ground consists of chloroplasts and transverse cross

walls, This develops into a green and swollen portion. Bud like structures arise on it. Each bud
grows due-to the ;ctmty of an apical cell and forms the leafy axis after repeated divisions,

195



. Fig. 22.1. External morpology Baric. A, Plant with mature sporog(;mium. B. Monocgious plant,
1. Rhizoids. 2. Stem or axis. 3. Whonl of leaves. 4. Sporogonium. 5. Male biranch. 6. Female branch.

: Y4 y
22.4. INTERNAL STRUCTURE . !l

A cross section of ‘stem’ like axis shows central cylinder, cottex and epidermis. The central
cylinder has no xylem and phloem. It has narrow, thin walled and colourléss cells. These help in
mechanical support. Cortex is many celled in thickness. In-yc)l{ng axis the ‘cortical cells have
chloroplasts. In older ones, the cortex is differentiated into.thick walled region below the epidermis”

= : i
" Fig- 22.2.T.8. of Funaria'stem, 1. Epidermis. 2. Coutex. 3. Central strand. -

[~
i
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and thin walled cells Surrounding the central mass of cells. Epidermis is single layered. The epidermis
of young axis has chloroplasts. Central mass of cells transport water to limited extent and later the

water is conducied l:y caplllary forces (Fig. 22.2).

‘Leal has a thlck mid rib with one celled wing on either side. Mid-rib region is made up of
clongated thick wa]led cells giving mechanical support. On either side of the mid rib, thin walled cells
are preseut. These h“lp in transportation of food. No stomata are found (Fig. 22.3).

Fig. 22.3T. 8. of Funaria leaf. 1. Wing 2. Zone of thick and thin walled cetls. 3. Midrib region.

22.5. REPRODUCTION © . \}}

chroductxon takes place by vegetative & sexual me.

225.1, Vegetatlve Reproduction- - \?‘
The vcgctatn!r[e reproduction is by fragme‘n 10ff, gemmae and also by apospory.

22.5.2. Sexual

| . ,
]lileproduction Q) . :

The sex orgains are present in groups on specml structures known as antheridiophores or

archegoniophores.

Paraphyses or sterile hairs are intermixed with sex organs. Antheridia are club

shaped and stalkedland are borne on antherdiophores. The archegonia have a long neck with many
neck canal cells (6 (Ilr more). Perichaetial leaves enclosed the archcgoma Venter canal cell and egg
are present in the venter (Fig 22. 4)

- Fig.224. Sexorgans mFunana. A.LS.of anthmdlalbranch B. Mature archegonium. C.LS.of -

antheridial
6. Ventral &

branch D. Aatherozoid 1. Leaves. 2. Archegonia. 3. Stem apex: 4. Lid cells 5. Neck.
canal cell. 7. Bgg. 8. Venter. 9. Paraphyses. '10, Jacket. 11. Antheridia.. 12. Stem.

19%




198.

Disintegration of the neck canal cells and venter canal cell takcs place to produoe mucllage
Terminal cells of archegomum widen: and gives the passage. Watcr .drop heélps in carrying the
antherozoid to the egg. Many antherozonds may enter but only one takes part in gametic union,

After fertilization the zygote enlarges. A wall is laid down around the zygote. It divides
transversely. Later it forms a mass of cells by many divisions, It gets differentiated into foot slender
seta and terminal spore bearing structure, the capsule,

|I

The venter of the archegonium grows and forms a potective covormg° the calyptra, The capsule

may be erect or hanging, It has a swollen base, the apophysis and cap, the operculum.

|
Mature capsule (Fig: 22.5) is pear shaped. The upper portion of the capsule has operculum

and the peristome. Peristome has the segments or teeth, Epldcrmal cells at the base of the operculum
enlarge radially to form an annulus whose lower most cells are thm walled. Inner to the operculum
1s the ring of peristome segments, Near the neck region connecting t thc upper capsule and operculum -
is the annulus. The foot is conicat embedded in the archegénal tisstie, Tt absorbs water and nutrients .
for the developing sporogonium. Seta is long, twisted and it raises the capsulo above the gametophytic
axis. Seta is made up of elongated cells. It has middle conductmg strand surrounded by cortex and
epidermis. Apophysis is an expanded portion and the cells have chloroplasts Central portion of the
apophysis has the conducting strand. Capsule has an epidermis beanng stomata. Below the epidermis
there is a zone of spongy green tissue with intercellular spaces; alr cavities are also present in this
zone. Spore bearing tissue is in the form of hollow cylinder. It surrounds the collumella, a core of
plth like cells. Spore bearing cells undergo meiosis a.h%pr_oduoe s;T:ore tetrads. -

Fig. 22.5. Funoria. AL, of mature sporogonium. 1. Operculum. 2I Peristome. 3. Anaulus.
4. Columella. 5. Hypodermis. 6. Spore sac. 7. Trabeculae. 8. Airspace; 9. Photosynthetic tissue.
10. Apophysis. 11. Stoma. 12, Epidermis. 13. Stem. 14. Outer Péristome. 15, Diaphragm.

'|
The opening of the capsule is through the opening of tecr.h like structurcs present in the
peristome of the operculum. peristome teeth hclp in spore dlspersal Outer peristomal layer has 16
teeth lying external to the inner ring of 16 teeth. One peristome tooth of the outer layer lies external
to the two teeth of the inner layer. Quter teeth are red and inner a.re colourless, There are narrow -
slits between the teeth of outer peristome, _ : ’.'

As capsule ripens, there is drying and shnve.llmg of the oolumella cells of operculum and base
of the annulys. Annulus has elastlc and hygroscOplc cells which help in throwing- off the operculum



Inwet weather, rnucﬂagmous wall of the annulus swell rapidly and breaks from the xim of the capsule.
It suddenly rolls back and in doing that it throws off the operculum exposing the teeth. The peristome
teeth separate and spores in a loose wall escape. Inner peristome acts only as a sieve. The slits
between peristonie teeth become wider under dty conditions which allow the dispersal of spores.

The long, rllelicate seta is wavy and twisted. It shows hygroscopic movements. In wet weather
the seta becomes|untwisted but in dry weather it twists. This helps in dispersal of spores.

Spore germi.uates under favourable conditions. Otherwise it undergoes, a period of rest, The
resting period is one to sixteen years. Spore on germination gives rise to germ tube. Germ tube
becomes a branched filament of elongated cells. This is the protonema. Rhizoids and buds develop.
. This is the secondary protonema. The branches -which grow erect get differentiated into- axis- and
“eaf like structures (Fig. 22.6 A-G). '

,i;h I
A

Fig. 22.6. Successive stages in the germination of spore and formation of protonenia. A. Spores.
B.C. Gcrm tubes. D,E. Filament formation. F.Primary portonema. G. Secondary Potonema.

Check Your Progress - 1
Describe the pr-!;pcss of spore liberation in Funaria.
Note: (a) Write the answer in the space given below.
| ) 'C(i|)mparc your answer with the one given at the end ‘of this unit.

i
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22.6. LIFE CYCLE “_
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Fig. 22.7. Graphnc life cycle of Funaria. | : -
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- There is ajhigh degree of specialisation in mosses. Gametophytic plant is poorly adapted to
life ‘'on land. -Wafrer is required to swim and affect fertilization, The indefinife growth of plant has
rhizoids and good conducting system Mosses are considered to bc more advanced than algae and ’

other bryophytes!

22.7. SUM]\F{[ARY

]

Species of Funaria usually grow on wet soils and on moist walls, Gametophyte possesses a R
leafy axis. Sex organs are produced in groups at the apices of the gametophores (antheridiophores ‘
and archegoniophores). Antheridia are club shaped bodies with short stalk. Archegonia possess a
long neck. Fertilisation between the egg and the antherozoid is brought about with the help of a water
drop. Sporophyte gets differentiated into foot, seta, and capsule. The capsule 1s differentiated into
apophysis, fertild! theca and upper operculum. The capsul¢ contains sporogenous tissue, central

columella, air ch:

ymbers, photosynthetic tissue and an epidermis with stomata. Theca is covered by =

an operculum hamlg peristome. Spores germinate and give rise to protonema (Juvenile stage). from
which adult planl develops. Gametophyte regularly alternates with sporophyte.

22.8. CHECK YOUR PROGRESS: MOMNEL ANSWERS |

- wall of the antlulus swells rapidly and breaks. The annulus rells back and throws off t}.: operculum

1 Theteeth of the peristome help in the dispersal of spores. Unzér wet conditions the mucilaginous

exposing the lgeth The spores are dispersed through (th.g\sh f the peristomial teeth.

22 9 MOD]LL EXAMINATION QUES’F{?NS

I Answer the folllomng questlons in about 30 SQM éach,

1. ‘Write abolit the extcrnal andi mtcr racters of the gametophyte of Funaria.

2. Describe the sex organs and mature capsule of Funaria with the help of neat diagrams.

11, Answer the followmg questions in about 10 lines each.

1. Write about the morphology of the gametophyte of F:mana ,
2, With the hlelp of the diagrams descnbc the internal structure of the stem and leaf of Funaria

gametophyte
3. Write brleﬂy about the structure of archegonium and antheridium of Fanaria.

4. With the help of a diagram deseribe the internal structure of mature capsule of Funaria.
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T 238, Model Examination Questlons

1 défine and deséribe the sporophytc in l:rryopia0

232, -_I:NTRODUCTI(Q(‘)'

. wall of the capsule and archesporium.in hornworts. Endotheciun]

_elaters are séen. Bulbous foot, a meristematic zone and long cylin

UNIT 23: EVOLUTION OF SPOROPHYTE IN

BRYOPHYTA

Contents. ' .

23.1. Objectives '

232. Introduction - o :

23.3.  Amntithstic (I_nterpolétion or Intercalation) Theory
23.4: -Homelogous (Modification or Transformation) Theory
23.5. Theories on the evolution of Sporophytes in Bryophyta
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23.7. Check Your Progress Modcl Answers

239, " Glossary
23.10. References.

23.1. OBJECTIVES

After going through thls unit you will be able to:

2. define apospory,

3. explain the antithetic theory proposed.by ovsky and the h
Pringsheim and
4. explain the theory of progressive/sterilisation and also the theors

omologous theory proposéd by
) o
of progressive simplification,

w

The asexual generation of the life cycle of a plant which has dlplon:l nucleus and rcproduces .
through spores is called sporophyte, Sporophyte has a sporogonium or capsule. It.is the spore

producing strusture developing from fertilised egg. Spore mother
diploid nucelus divides meiotically followed by mitosis giving rise to
called spore tetrads.

There are two fundamental layers in the capsule called en

cells have diploid nuclei. Each-
four haploid spores. These are

dothecium and amp]mheclum i

Amphithecium gives rise to jacket layer or wall of the capsule in liverworts and mosses. It produc»es

gives rise to archesporivm in -

liverworis. It gives rise to columella or archcsponum in hornworts alild mosses. Archesporium is the :
mass of cells ,produang spores in- sporogonium or capsule. Archesponum produces sporocytes and
sterile nurse cells in Riccia. Sporocytes become spore tetrads later. The above tissue produces spores

and elaters or pscucloelaters in Mamhmma and Anthe

3. It giv
mosses. :

es rise to only spore tetrads in |

- In R:ccm globose sporogonium is the only structure of sporti)phyte Inside the sporogomum
spores and nurse cells are present in Marchaniia. The sporophyte gets differentiated into bulbous ;

foot, long seta and globose capsule having spore tetrads and elater:
Pellia and Riccardia. In Porella foot is bulbous, long seta and globose

. Smﬂarstmcturcsarcsecnm :
capsule having spores and long -
drical and slightly mdependent

|
l
‘
1
l




capsules are the regions of sporophyte in Antheceros. Four to six layered wall with Stoma and *
chloroplasts; sporesjand psendoelaters are present surrounding the central columella indnthoceros. . |

Pearshaped capsul with operculum and others complex structures are seen in Funana capsule
Funaria has an ep: lermis with stoma, inside which is the chlorenchymatous ussue, air chambers,

‘ spoces and central columella are seen. Opcrculum, annilus and peristome tceth are the addltlonal '

structures produoed in the capsule of Funaria. - - “
’ /

2 .. . .
No dehiscence mechanism is present in Riccia. In all other liverworts and hornworts, the wall..

splits longitudinally Fam:l elaters'help in spore dispersal. In mosses the dehiscence takes place by the
. separation of opercilum from peristome. Hygroscopic movements and weather conditions also hclp
in the dispersal of spores,

Pringsheim (1878) discovered an alternative phenomenon-of the-production of a gametophyte )

from the vegetative cells of the sporophyte without the intervention of spore fornation. This process
is called apospory. On the basis of this, Pringsheim formulated a theory that the gametophyte and
sporophyte generations in mosses were homologous and sporangia were likewise homologous; with
antheridia and archegonia. CelakovsKy stated that sporophyte of moss-is not only antithetic to the

' gametophyte in completing life cycle butis a third: type of generation interpreted between the sexual |

and first neuntral of asexual generation of the thallopghytes Even today the phenomenon of
- alternation of generation has its bearing on the drigin and evohition of thc sporophytc Atthe present
day the two opposing theories. 5[1'1 s¢em to hold the Feld. ( -

23.3. THE ANFFITHETIC (INTERPOLATION OQITERCALAHON)
‘ THEORY = , ,

This theory ﬂtates that the gametophyte gener %gm the ongmal and the sporopliyte is an

* entirely new phase derived from the progrcsswe boration of the zygote of some algal ancestor. It ‘

is interpolated into the life cycle between femhza gn n and meiosis, and is thus.different in siructure:

from the gametophyte. PE
This ﬁheory was proposed by Celakovsky (1874) and supported by Bowcr (1933) Strasbur;,cr
(1894}, Cavers (191")), Chambcrlam {1935) and Campbcll (1940). :

23.4. HOMOLOGOUS (MODIFICATION OR TRANSFORMATION)
THEORY S .

n
PR

* This theory holds that the sporophyte and g‘amctOphjn‘c generations are fundamentally similar "

in nature and the sp orophytc isa dircct modification of the "gamctophyté and is not a new .structural
type. : Coy ‘ - Ce |
Pringé.h'eim 01876 18?8) advanccd this; thcory Scott (1896) was the main champxon Other

supportcrs are ‘Chul rch (1919), Zimmerman (1930), Evans (1939), Fritsch’ (1945) and Bold (1948)
Much -cvidencc has been put forwarcl to support thc honiologous theory ;

(1) Existence of isomorphic altcrnatlon o . RN . : ,
(2) Nutrition of spoli'ophytc o ' e T .
(3) Structural similarities between gamctophytcs and sporophytes of ptendophytes
(4) The phenomenén of apogamy and apospory. :

In conclusien, this theory states that the’ sporophytc is a du‘ecti modiﬁcatlon of the

gametophyt&

-

1

= ]
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CheckYour Progress -1 v

Descnbe and dsffercnuate between antithetic theory and homologous theory:., . . "
CF _ O
Note (a) Wrtie the answer in the space glven bblow, 2 . .

) Compare your answer with the one gwen at the end of this unit. -

23.5. THEORIES ON THE EVOLUTION OF SPOROPHYTE 'ﬁ
IN BRYOPHYTES i ﬁ !

Bower {1935) and Campbell {1940). 'According, to jthis 1ht,0ry sporophyie "is formed due toi
progressive sterilization of sporogencus tiss he sporophyte chcm runs through Marchanna,
Peliia, Porella, Amhocci'os and finally the hig mplicated capsule of Funaria.

Thc first theory is k:}ov'vn as the “Theory of pr@we stenlzz.mon * put forth by Cavers (191 1),i

Hi
Ny

" In Riccig much of the sporogcnousi?\uc forms spores. Fewilcc_lls-_of the above tissue become;,
nurse cells, (Fig 23. lA) €2 _ ‘ ’ .

vnonge,

el ' L

Fig, 23.1. Emluuon of sporophyte in Bryophyua A. Riccia. B. Spha.croca:pos C. Targionia.
DMarchantia. E.Pellia. 1. D;scemegrated ]acketlaycrof the Spomgoqum 2. Spore tetrad, 3. Capsule.
4. Outerlayerof calyptra. 5. Sten]c nurse cell. 6. Jacket. 7. Seta. 8. Foolt 9. Elater: 10. Efaterophore,



Sphaemcar s contain small foot, seta and globose capsule having spére tetrads and nurse
cells (Fig. 23,1 BY : ‘ _

The sporogonia are cylindrical in Notothylas having a triangular foot, small meristem, spores
and claters. Colun{:lla may be present or absent.

In Targionig, alarge anchor shaped foot, long seta and ovoid capsule are found. Half of the
sporogenous tissuej become spore tetrads and the other half become elaters (sterile structures)
(Fig. 23.1 C). , ' \

In Pellia, the sporophytc consists of foot, long seta and capsule. The wallis 2- 8 layered, Much
of the sporggenous tlssue forms glaters and little converts mto spore tetrads. Mass of elaters or bunc.h
of elaters called clalterophore is produced (Fig 23.1. E).

In Parella, the capsule is globose with six'layered jacket layer. - The sporogénous tissue or
capsule has a diffeTrantiation of elaters before giving spores.

Highly specialized and advanced sporophyte is found in Anthoceros. It consists of bulbous

foot,small meristematic region and a long, cylindrical capsule. Major portion of sporogenous tissue

* has become sterile tissue. Many layered wall, many layered columella of sterile cells and few spores

and many pseudoc:laters are found in the capsule of Anthoceros. However the sporophyte of -

Anthoceros is partially independent as it has chlorophyllous wall layer and stomata on the epidermis.

Indeterminate growth of the sporophyte of Anthoceros is thought to be an important feature, whlch

7

has made possible an evolutlon of a pteriodophyte- -type plant. \

Higher degrge of specialization of complex structure hag szewcd in the mosses, Funaria
and Polytrichum. fn both the cases the sporophyte has a gri}al foot, long and twisted seta pear
shaped capsule. Thie capsule is filted with few spores l:n{g with'mtich sterile tissue. The sterile regions
are mainly of columella operculum and multilaygred f peristome, air spaces and apophysis.
However, the growth of sperophytes of Musci is  definitely limited like. that of Hepaticae.

The second Jhcory is based on the i progressive sfmpliﬁcal:ioa According to Kashyap
_ (1919), Goebel (1930) and Evans (1939), &mthe advanced type. Accordingto them its simplicity
is.due to reduction) Therefore, decrease in complexlty has taken place. The sporophyte of mosses,,
‘runs through hornworts and liverworts, finally ending with Riccia. Accordingly Riccia has the most
advanced sporophyte. The following are the steps in the progresswe snnphﬁcanon

1. Simplification I.I]I dehiscence mechanism.
2. Reduction in photosynthetic tissue. .
3. Stoma and intefcellular spaces disappear. . - " S oL
. Decrease in thellwall layers and in the thickness of thc capsulc '

. Gradual loss of [seta and foot. S

. Complete clm::i:atlon of columella, elaters and other stenlc cc]ls

| . [RENYE
. Increase in spor'ogcnous tissue. 4 - AR

=N a ok

f23.6. - SUMMIARY

, Gametophytje represents the haploid sexual generation, white thc sporophyte represents.the
diploid asexual geqeratlon In the primitive plaats the sporophyte is totally dependent upon the
gamctophyte Gradually, sporophytes becomes pamally mdcpendent e

. 'I‘wo thcornlas, antithetic and homologous thearies, have .been proposcd to expla,;n thc
evolntion of sporophytc in Bryophyta. According to antithetic theory Rlcc:a is consxdered to have

L]
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Tetrad ¥ Group of four spores resulting from meiosis of spore mother

cell,

Venter - : Expanded basal reglon of archegonlumfh wving an egg and

venter canal-€ells.

Zygote : “The fertilized egg before it undergoss further differentiation,

(
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- vegetation during the Carboniferous périod of the Palacozoic era. Durmg that perlod they were

-certain. tree ferns growing to a height of 30-40 feet.

' 243. GENERAL CHARACTERS

24.7. Model Examination Questmns _

24.1. OBJECTIVES . R

.1‘

After ging through this unit you will l'ige able to: -
1. describe the vegetative and reproductive characters of ptendophl tes and N
2 descnbe thé classnficatmns of Tippo and Sporne. ‘

N .
NS S
: 7"\ - .

" Pteridophyta is the most advanced divm%m'among the cryptogams It is.more advancecf than

_the other two divisions - Thallophyta an‘d{BTyophyta The division pteridophyta is between the

hiefly differs from BryOphyta in the presence ofa true.
4 in the absence of seeds. Tlhls is the only group of plants
. HpWever, it resembles bryophy!_:a as well as spermatophy_ta.m

vascular system and from spermato
having both independent ¢ gen al

divisions bryophyta and spcrmatop%

- _eertain features . . i‘

Pter:dophyta includes plants such as club mosses (Lycopodmm, Selaginella), lel-worts
{Isoétes), horse tails (Eqmsemm) and Ferns. They grow mainly in monet terrestrial habitats. Salvinia,
Marsilea; -etc., are the aquatic genera, Several others grow on the trcié trunks as epnphytes. - Certain

spec:es of SeIagmeHa are extremely xerophytic and remain dormant dunng the dry season. During :

‘the rainy season they absorb moisture and revive their growth. This phenomcnon is referred to as

"resurrection”; Pteridophytes are wudcly distributed in temperate as well as tropical regions. Yet

- they show preferenf::e to tropxcal regions where they not only grow luxunously but exhibit a wealth of

species. Pteridophytes have many fossil genera whose history dates to| 380 million years back, Fossil

ptendophytes were traced from Lower and Middle Devonian perlod They donnnated the then

arborescent, tall and formed thick forests.  Pteridophytes showed.a déclme in the Mesozoic era. At
the present day times pteridophytes are mostly small and herbaceous and are: supposed to be the

‘result of degeneration of the arborescent forms of the past, Among the pteridophytes the ferns

belongmg to the Class: Pteropsida are numerous and dominent, Asan mterestmg feature there are

They are fc‘iund in the Araku VaIley of
Visakhapatnam district of Andhra Pradesh. - s :

E

Ptendophytes resemble bryophytes and spermatopytes in havmg the gametophync and B
LN qu,rophyhc generations, These two generatlons regularly alternate with each other in completing

o,
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the life cycle Both the gametophyticand spc)rophyt:c generations of ptendophyta are frec-living and ‘

mdependent L ‘ _ _ ; -

P

i this respect they differ from both the bryophytes and spermatophytes In ptendophytes fhe
gametophytic generation is however ,nedueed while the sporophytic géneration is extensive and
dominant in the [life cycle: This feature. is quite m contradiction to bryophytes where the

gametophytic generatlon is extensive redching climax and the sporophyhc generatlon 15 reduced to

either semnparasntlc or even parasitic stage. W Y -

The gametophyte in pteridophytes is s:mple, dorswentral, thallose and und:fferentlafed Itis

known as a prothalius os prothallium. Tt has rhizoids and chleroplasts,with which it absorbs water -

and mineral salts from the soil and manufactures food substances; respectwely The prothallys is

thus independent{ and free-living. In many ptendophytes the gametophytes are aerial _while in-
Psilotum and - certain species of Lycopodium, the gametophytes ‘are sub-terrancan. These o

sub-terranean gan 1etophytes do not have chlorophyll They show mycbirhizal assoelatlon

The gametophytes bear male and female sex org'ms anlhendm and archegonia. Antheridia
are developed either on the dorsal or ventral sides of the prothallus. They are ‘generally embedded
in the prothallus, In advanced forms they are slightly emergent and projecting. Each antheridium has
a single layer of jacket Zells within which the androgonial cells are produced. The androgonial cells
later form the splermatozmds In primitive forms the spermatozoids are biflagellate. In all these
respects there is all marked similarity between the pteridophytes and bryophytes :

Certain of{the advanced pteridophytes have multifla II% spermatozoids. Compared 0
* - bryophytes, the archegOma are reduced in pteridophytes. ge\z’e’ﬁf the neck and number of neck

canalcellsare red],lced Theventer isalso reduced. The | ]ac@er, is absent with the result the venter
is naked. The ¢, -cell and the venter canal cell are itrdirect contact with the vegetative cells of the
prothallus. B Q?ﬁ K '

-

Heterosparous pteridophytes show ma@?ifference from that of the homosporous ones.
The gametophytes in haterosporous pt hytes (Selaginella, Isoctes,-Marsilea ¢ic.) are highly
- reduced and do [not grow free on soil. The male gametophyte of Isoetes is reduced.to a single
~ vegetative cell at:ld a singlé antheridium and in othiers if comprises of on¢ vegetatwe cell and one or
" . two antheridia. The female gametophytes have relatively: many vegetative cells and more than one
archegonia. Extreme reduction is noted i in Marsilea where the female gametophyte develdps only a
+ single archegonium. - ‘

1

Fertlhzatlon ift pteridophytés is affected in watery medlum Thls is'a case of sitriilaily between

' pterldophytes amti bryophytes The fertlhsed egg develops into the embryo that eventually forrns the' '
. _‘dlpl()ld sporophyte -

Unllke in [bryophytes, the sporophyte in Ptendophytes is not only independent but forms a
‘ dommant generatlon in the life cycle. The plant body of the sporophyte is distinguished-info root,
stém and leaf. In| primitive pteridophytes, the sporophytes are devoid of roots (Psilophytales). In
Fsilotum roots ale -absent but scale leaves are present on the stem. In Salvinia the plant is devoid of
roots. Rootisan ,w structure formed for the first time on the body of the sporophyte in a pteridophyte
and it is entirely different from that of the rhizoids or the foot of a sporophyte seen in bryophytes.
"-Roots in pteridophytes are adventitious. The internal structure of a root, resembles that of a
. spermatophyte, Che stem in the sporophyte of a pteridophyte has no- parallel in the bryophytes’
Stem-like structure found in the gametophores of Funaria is only an analogous organs. ‘Stem in the
pteridophyte is similar to that of seed plants. It is mostly aerial and herbaceous. But in Filicineae it
is either, horiz,ontal or oblique and rhizomatous. In primitive ptendophytes the stem often shows
dichotomous br: mchmg, In Equisetales it is a culm. The leaves in ptenc. v)hytes are typically

—

.'-21]



IS

T SR

PN

e

" group of superficial cells, the spor am tnitials. Sporangium initials divide transversely into two

. anapical cell. The basal cell does nct contribute any thing towards tl-;e formation of the sporangium, ; ‘

.4\6:‘\' LT O

_ as heterospory. The ntegaspores and' microspores on geljmination:! give rise to female and male’ |

" Check Your Progress -1 &2

L . 4

ey

microphyllous and reduced to scales as mLywpodrum and Equwelrum Lgaves are totally absent ml
Rhypia. - _ S , T e

S ‘ ' ) ‘ - |
- . In Filicincae the leaves are macrophyllous and are as.long as 2-3 feet. Leaves are of sever |

feet in length in Gileichenia and Preris. The macrophyllous leaves may either be simple or compound.f*;"

Tnternal structure of the leaves s similar to thiat of the leaves in spcrmibtophyta. Leavesin pteridophyta

. aré not homologous with thie leaves seen in bryophyta. Leaves in Bryophyta-(Fiunari, '.'f"olyb'ichum)lg

A

dre haploid and belongito gametophytic generation.. Leaves| are homophyllous ‘in several;

pteridophytes. But in Selaginella heterophylly is a common feature.];l.,eaves in Selaginella an&\lfsperes'gé
. are ligulate. o ‘ ' ]i ' ll:
- . : o ;- A !;
. Root, stem and leaf in a pteridophyte show vascular system z‘ind in this respect pteridophytes I
resemble the Spermatophytes. The vascular system consists of ‘Jq:ylem and phloem, 'th; former
_comprising of tracheids and the latter sieve tubes and phloem parenchyma. Although'pteridophytes|

 aré the first vascular plants, erigin of vascular system in these plantg is totally unknown.

Besides the. vegetative propagation the sporophyte . which! is dominant in pteridophytes
 reproduces asexually through spores. Spores are produced inside sporangia. Each sporangiym shows-
astalk and a capsule, Capsule coniprises of a wall within which sporcf'genou.s tissue (which later forms |
the spores) is situated. Spotangia may be terminal, axillary or foliarl Tti sporangia are solitary and
terminal and are produced at the tips of stems (Riynia). In Psilotun} sporangia are prégduced in the
axils of leaves, whereas in Lycopodium the sporangia are developed ba the adaxial face of the leaves.

Fertile leaves bearing sporangia are known. as}p\orophylls. Sporophylls generally aggregate |
on a short axis to form a compact strobilus (Lyc 4 Selaginel{d! and Eqisétin): Strobill are not
formed in Filicingae. But the sporangia are developed on the sporophylls in small groups. Each'one

+of such group is known as a sorus. Basin on th evelopment, sporz'pigi_a’ fall nnder two categories, 1 .

eusporangiaté and leptosporangiate. Inl;e\g?ﬁbrapgiatc forms the sporangia are developed from a

tiers ofcells. The outer tier of cells forms the sporangial wall whi§ ilt_he innef'tiq; dev;elops intd the
“sporogenous  tissue. This typ€ of'sporangia are regarded as. prinutive, Ili-leptosporangiat._e_ forms -
sporangium develops from a singl¢superficial cell which divides tran]_sversely to form a basal cell and

“The whole of the sporangium including the stalk is derived from thefupper cell. - - -

1
L

Most of the pteridopli)ités are homosporous. They produce o:llz‘ly one type of sporangium and-
spores which are all alike in-all respects. This phenomeénon is known as homospory. In Selaginella, |

AT . P L A S e W . . . e : +
Isoetes; Marsilea and Salvinia two Kinds' of sporarigig ‘(;n}egasporapgl_a and microsporangia) are |

developed. They produce megaspores and microspores respectively.: Such a phenomenon is termed |

gametophytes respectively. Thus the h_ei_erospory results in the unis!exuality of gametophytes. The, |
unisexual gametophytes that are heterothallic are regarded as| advanced over the. bisexual
gametophytes that are homothallic, Heterospory in pteridophytes is $n advanced character and also

asimilarity with that of the spermatophytes. The phenomenon of heterospory s primarily responsible '+

and has'led to the seed foriming habit which is the main character of permatophyta.

L. What is the chief difference between bryophyta and pteridophyta and pte:;idop}quta;aﬁd sper-~ | ‘

matophyta 7, _ . _.

2. Define homiospory and hetclfosl?ory, . o N X
Note: (a) Space is given below for writing your answer. - < o .
..(b): Compare your answer-with the one given at the énd of thisusi, =

-

1

./-\'
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24.4. CLASSIFICATION

Older classification divides the plant kingdom broadly into two groups: Cryptogamis and

.. Phanerogamia, Thl:?! groip Cryptogamia is classified into three divisions - Thallophyta, Bryophyta
“and Pteridophyta. | [The division pteridophyta represents the h;gbly advanced cryptogams and is

labelled as Vasculﬁar Cryptogams. The division pteridophyta,is divided into-four classes, the

Psilophytineae, Lycopodineae, Equisetineae and Filicinese, Th\uascular plants namely vascular -

cryptogams and spermatophyta are differentiated by the pr se?l’ye of spores in the former and seeds

in the latter. Pteridophyta is placed under the group Erypt imia, while spermatophyta is placed

under the group'Ph enerogamm
L

1

3
o _With the dlsq,ovety of.Cycadofilicales (th@n’like seed bearing fossil plants) the distinction
betiveen the ptendé phyta and spermatoph ost. So in the revised system of classification, Tippo
" (1942) has placed a 1 the vascular plarits un single phylum. Tracheophyta. Thiss classified into
four taxa — Psilopsida, Lycopmda Sphenopsida and Pteropsida. The last taxon pteropsida included
ferns. gymnospermls and angiosperins. Though the classification is accepted widely, there is no

unannmty regardmlé the ranks, Tlie terms phylum and sub-phylum coined by Tippo (1942) were not

in accordance with|the International Code of Botanical Nomenclature. Wardlaw (1955) suggested ‘

the ranks of division and sub-divisions. Eames and Tippo treated the four taxa as sub-d:visions. But
thedifferences between them is so great that they should be raised to the ranks 9f Separatc divisions.

The problem did nijot end with the difference of opnmon regardmg the ranks but extended to' the h

‘ nomenclature of the vaiious taxa,

. According 0 the International Code of Botamcal N omenclamre (1952) the dmsmns should :

end in suﬂix-phytau sub-divisions- phytina and class opsida. In. view:of these developments Smith

(1955), Bold (1957), Benson (1957) and Zimmermann (1959) have given the four taxa the ranks of o
divisions and na.med them as Ps:lophyta,].,epidophyta (or Lycophyta), Clamophyta (or Arthroph)ta

or Sphenophyta) and Filicophm {ot Pterophym)

The class:ﬁcanon followed in this unit is the one pl'oposed by Sporne (1968) Accordmg]y .
ptendophyta is gwen the rank of a division andi is dmded mto Sclasses The classxﬁcauan is as follows '

“Division: Ptendophyta

1. Class - Psllophylopslda Inciudcs pnmJtlve fossil vascu]ar cryptogams. The aenal portmns are’

radlal and dlchet_omously branchcd without roots ‘and leaves. Terminal homosporous sporangla

213
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24SSUMMARY T T

(1) Order : Psilophytales ExampleR}zyma. | B .E *

-2. Class - Psilotopsida: Includes two living genera whmh are alhed to ps:loPhytales . R

(i)Order: Psilotales - Examples: Ps:.’omm and Tmes:prens ;i
' !

, 3. Class - Lycopsida: Plants show a differentiation of root, stem and leaf; Leaves are microphyllous,

ligulate or aligulate. Both homosporoys and hetcrosporous forms are mcluded.Sporangla sohtary
and associated with leaf. Fossils are also inclided in this class. “

(i) Order : Lycopodiales - Examples Lycopodium and Selagmek‘a

(t) Order : Isoetales - EXampIe  Isoetes. o

?'{

-4. Class - Sphenopsida: Plants are differentiated into root, stem and leaf. Sters are jOthd at nodes
Sporangia are developed on specnahsed appendages cailed Spbranglophor&c. -
(i) Order: Equisetales - Example Equisetum.’ '

5. Class - Pteropsida : Includes plants with root, stem and leaf, Lea"vcs are megai)ilyﬂous. Leaf gab:s, -

are invariably formed. Sporangia occur in groups called sorus.
This class is further classified into four sub-classesas: |
() Primofilicales : . e IR

(i) Order Coenopterldales All extinet forms : L

(b) Eusporangiatae : L ~N - i
(i) Order : Ophmglossales Examplcs Op@ssum.__. -

() Osmundideae :

61} Order  Osmundales - Exa.mp mundm '|

It . i' F
(d) Leptosporanglatae - QW o ; -
(1) Order — Flhcales@nples Adranrum, Gleichenia, andPoi)podmm .

f S e 1

(n) Ordcr Mars:leales Examplc Marsilea. e oo

-
-

The d.WlSlOII ptendophyta is adyanced gver the divisions' thallophyta and bryophyta The plants

are the mast advanced of all the cryptogams. They are distributed i m temperate; as. well as tropical -

regions and are found gréwing in moist terrestrial habltats. History ot' fossil ptendophytcs dates back
tg palaeozoic era. The fossil plants were arborescent. h .

"The typ;cal life-cycle of a pteridophyte shows a regularl alternatlon between haplold

Gamctophytejs slmple dorswcntral, thallose arid undlfferenuatcd Itis also called protlzallus e

.or prothallium. Hormasporous forms have similar gametophytes 'that produce ‘antheridia and
archegonia on the same. Heterosporous forms produce male and female gametophytes separately.

One of the sperms liberated from antheridia fuses with the egg to fotmd an oospore. Oospore develops .. |
into theembryo that ultimately forms the diploid sporophyte. The Spcnlophync generation is dominant L
in pteridophytes and is independent of the gametophyte. Plant body is distinguished into root, stem

ahd Jeaf. Internally a vascular system consnstmg of xylcm and phloem is present. ;

S

- . gamctophync and diploid sporophytlc gencratlons Both the generanons are mdepepdent and free .



n
. —

-

Sporophyt e reproduccs asexually by means of spores. Sporangw. may be borne. on the fertile
leaves (sporophy]ls) which may be isolated or clustered intostrobili lacated at the tips of branches.
Sporangia may be distinguished as Eusporangiate or Leptosporahgiate types. Homospory and
‘heterospory may be present. The smaller micro-and the larger megasporesform the male anid female
gametophytes r |f)ect1vely - : . ' i -

24.6. CHECK YOUR PROGRESS: MODEL ANSWERS

J

1. The chief différence between bryophyta and ptendophyta lies in the vascular system The vascular -

system is present in pteridophyta. The chief difference between ptendophyta ‘and spermatophyta
lies in the sceds Seeds are absent in ptcndophyta whereas they are prcsent in spermatophyta

2. The phenomenon of the production of only one type of sporangmm and socrcs is called -

homospory and the production of two types of sporangia and spores i.¢., megasporangia Wthh
produge megaspores and :mcrosporangxa w]uch produce microspores is ¢alled hetcrospory
/-

, 24.7. MODE{-lL EXAMINATION QUESTIONS

"I Answer the following quest'ion_s‘_ in about 30 lines each:

1. Give an accoust of the general characters of pteridORhﬁ s. -
2. Discuss al:lac')ﬁt the classifications of Tippo, Smith and Sé
+ . -TI. Answer the following qnestions in about 10 Iines eac’ -

1. Write briel ]y about the gametophyte in pteri
2. Write an account of heterospory and hﬁs

3. Discuss about the classification of Egen hytcs by Sporne

ol
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251 OBJECTIVES - .| .

f ) e
After going through.this unit you will-be able to: '

differentiate and des&i‘ﬁc the sub genus U';'osfachy}\én R{zopa!o:fadzyb,' I

describe the external and internal structure @sporophyle of Lycopodium,” . . .
define and differentiate various protosteles th e p;esén_t in different species of Lycopoditm,
comment upon the vegetative, asexial an al reproduction in Lycopoditm and. '
draw the graphic life cycle of Lyco;@z:‘m. o v ‘

Fa— P - L : — - — — .

25.2. INTRODUCTION () . Y

~

The genus Lycopodium includes about 200 species. About 33 species. aré found in India -
(Chowdhury 1937). Some of the common Indian species are L.cermuupy, L.clavatum, L.wightlanim,
- L.phylianthum. Majority of the species occur abundantly in tropical regions while certain other .
species grow in temperate regions. Most of the species prefet moist and shady localities that are rich.

in humus, Many are terrestrial while L.phlegmarig and'L‘squamomni are epiphytes hanging from
the trees. S . B .

- The-conspicuons plant of Lycopodiiumn growing in nature is a si:g}aroPhyte. Thch'str_uctur;: of the
sporophyte varies widely with'species. It is relatively small, herbaceotis or sometimes ‘shrubby and
perennial. The plants are slender, delicate and weak-stemmed, The terrestrial species may be erect

. . . . . = s s
as tn L.lucidulum or semi erect. with prostrate base and erect shoots als. in L.selago. L.volubile is an -

ascending species with scrambling habit. In the epiphytic species (L.;ii?degmaffh) the plant body is
weak and pendent. Certain other terrestrial species are prostrate With horizontal and creeping
rhizomes as seen in L.clavatum and L.inindatim Pritzel (1900). categorised the génus Lycopodium,
into two subgenera: Urostachya and R}aopafos}ac}:yér. Species- that are éither (errestrial and erect,

‘ .. sub-erect Or epiphytic and pendent are included in the sub-genus urostachya. These $pecies are-
- without any rhizorhe.’i.hséfdufum, L. selago, and L.phlegmaria areliincluded under urostachya,

Species with creeping rhizomes and upright branches arising from those rhizomes are placed under

: rﬁqpa]ostachya‘. L.cermuum. Li.clavanum, and L.innundagum comelunder this category (Fig. 25.1).
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= . -Fig. 251. Habit of sporophyte  of f.yoopc?dium. A Lycopodivm lucidulum.

N

BL.phlegmaria, C. L. selago. D. L.clauatum. E. L.inundaturi. 1, Sporangia. 2. Strabilus.
- . o t .

25.3. EXTERNAL FORM T

The plant body is distinguished into stem, oot and leaf, Thc_'stcm's are either pendent and
branched or unbsanched. In the former case they are always dichotomous. In Lycopodium the first
‘formed root is short lived. Root system is adventitious. Roots are also dichotomously branched. In

terrestrial formm'ioot haifs aré not only abundant but persist for a loriger period.

. Leavesin i podium are small, simple and microphyllous. Leaf gaps are not formed. Leaves
are scssile and haye broad leaf bases. They have unbranched mid-veins, Shape of. the leaves varies

widely. They may b needle-like, oblong or ovate. Leaves in Lycopodium do not possess ligules. The

- arrangement of leilm differs from species to species. * . d

254, INTERNAL STRUCTURE AND GROWTH ~_

in-.cxoss‘-sé%ﬁon the stem is circulir in out line and reveals three regions — epidermis, cortéx
and stele. Epidem?is is one celled in thickness. Quter walls of epidermis are cutinised. Stomata occur -
* inthe epidermis. Cortex is several layered and broad. Thickness of the cortex varies with the species. -

1 ¢ -

-
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. Fig ﬁ:z.-bycopodfum : Internal St-l-'l_lct:l.lm of stem. A: Lclavatum, BE, Pmtosfg_’.li:; E’-Lcsérratu_m-Act’ionstelg
¢ Lannotinum-Actionstele. D, L.volubile- Plectostele. B, -L.L.cernuum- “Mixed haplostele, 1.Epidermis.

2. Hypodérmis: 3.Middle coriex. 4. Endodermis. 5. Pericycle. 6. Phloem! 7. Metaxylem. 8 Protoxylem.

' It may be several times broader than that of the stele or of the ‘Same size as stele. It . may be "~
- homogeneous or differentiated inte three zones, In the former, the cortex consists exclusively of thin
walled parenchymatous cells or thick walled sclerotic celis throughout. In cortex which is '

differentiated into zones, the outer and inner zones are composed of thick walled cells without any

intercellular space. The middle zone is formed with thin walled parenchjmatous cells. Innermgst <

Jayer of the cortex is distinguished as endodermis. Though it is ill-defined isrsome species, it shows

thecharadoﬁsﬁc_chspeﬂansﬁipshthcwungcrstcms.ﬁc-r i mnertothecndOdﬁMa@
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stele. It consists of 3-6 layers of thin walled, rectangular cells at thc pcnphery fonnmg the perlcyvcle.

Inner to the pericycle the stele consists 6f a solid core of xylem in the centre surrounded by a ring of

T phloem. The xylem i is exarch and is without any pith in the centre. Such a type of steel is primitive

 ‘andis described as Protostele, The structure of stele in Lycopodium varies with species, In haplostelic

protostele, the xylemlls in the form of a sclid, smooth cylinder and is enclosed by a layer of phloem.

In actionostelic prot(ﬂstele the xylem is in the form of radiating ribs. The xylem rays are su:rounded

byphloem, InL.serratum the xylem rays are three or four and are expanded outwards. In L.phlegmdria -

xylem rays are as manyas ten and are pointed. Actinostelie protostele is advanced over the haplostele.

- Plectostele which is more advanced than actinostele is found in L.volubile, Plectostele consists of
xylem that is divided into several plates arranged paraliel fo eaclr other with- phloem occuring in

_betweenthém, In Lcénua:m bya further furrowing, xylem appears as smallisolated islands dispersed
i the phloém mass. Such a type of stele is described as mixed haplostele and is the most advanced
of all the protostele ! Xylem is exarch and comprises of tracheids. Protoxylem consists of anaular
and spiral and metaxylem scalariform and pitted tracheids. Phloem is constituted by sieve ridges of
the stem. They extend upwards and outwards into the leaves through the pericycle and cortex. During
this process leaf gaps are not formed. Cambiush is absent. This results in the absence of secondary |

" thickening in LycothlImm (Flg. 252)

\ The cross section of root is lrregulaﬂy circular in outll.ne Itis dlffcrcnnatcd into epidermis,
cortex and stele. Epfderm:s is single layered consisting of thin walled celis. It bears root hairs that
are.peculiar by occurmg in pairs. Cortex is several layered in thickness and becomes thick walled as
. the root grows old. Gencrally the stele is diarch with C or U-shapedexarch xylem strand having two
protoxylem points, one at éach extremity. Phlaem is located inner'to xylem. In certain instances
where the roots are th.m, the stele is ‘monarch with one protoxy’le? mass only {(Fig. 25. 3)

1

Fig. 25.3.\Lycopodium. A. T.S.of 100t, B. T.S.of leaf of L.volubile, 1. Epidermis—"_
2. Cortex.3. Metaxylem. 4. Protostem 5.Phloem. 6. Midwvein. 7. Mesophyll. 8. Stomata.

The outline of a cross section of a Jeaf varies with its shape in different species. It shows a
differentiation of epldcrmls, mesophyl] and midvein. Epldertms is single layercd with thin walled cells
contaiving choloroplasts. It does not show differentiation of ventral and dorsal epidermis. Usually e
stomata are equally distributed on both the surfaces: Mesophyll is homogeneous consisting of either
thin walled angulai c%lls with intercellular spaces. Mcsophy]l cells contain chloroplasts. Mid- vein is
siteated in the mesophy]l 1t shows the protostelic structure with centrally located xylem, enclosed by
- a ring of phloem. Thle xylem and phloem comprise of annular, spiral tracheids and tubes, phloem

* pafenchyma, respact) vely Surrounding the mid-vein there may be a ring of endodermis (Fig. 25.3).

- Grovith in stem and root is affected bya mass of meristematic cells located at stem or root
apices, In this respect the genus Lycopodium dlffers from the other pteridophytes where growth is
etfea;edbyamngleamcalcell. ‘ , T
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Check Your Progress -1 & 2

|
|
1. What is a protostele? o ;
2. Describe the plectostele and mixed haplostele. :
Note: (a) Write the answer in the space given below.

(b}’ Compare your answer with the one given at the endvof this unit, _

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

25.5. REPRODUCTION e

“The sporophyte of Lyc Maproduces by vegetative ar{id asexual methods It reproduces
more frequently by vegetati pagation. |

25.5.1. Vegetative Reproduction !

Vegetative propagation is resulted by a number of ways:1. by the progressive growth and death
of older parts of rhizome, 2. by perennial rhizomes where the cnurc plant dies excepting rhizome,3.
by gemmae or buds developed in thé axils of leaves as in L. se.’ago‘ or by root tubercles formed from
the cortical cells of the root as seen in L.cemuum. B :

25.5.2. Asexual Reproduction d !'

Sporophyte is homosporous and rcproduces asexually by the formation of spores. Spores are
formed in sporangia that are borne singly on'the adaxial surface of thé leaf near iis base, in the leaf
axil or on the stem near the axil. Fertile leaf bearing the sporangmnli is called sporophyli, Sporophylls
appear different from that of the vegetative leaves. In certain splemes belonging to the sub-genus
urostachya, the same vegetative leaves bear sporangia at maturny’ and the $porophylls are not very
much different from that of the vegetative leaves. The sporophylls are just like the sterile leaves
except for their small size. In species such as L.selago and L.Jucidihun leaves in alternating regions
are fertile and bear sporangia. In these two species sterile reglons alternate with the fertile regions.
At the fertile regions sporophylls are not compact and the sperangla are exposed without any
protection. In the sub- -genus Rhopalostachya the sporophylls dlffel[ much from that of the-vegetative,
leaves. Sporophylis are smaller and are compactly grouped into a strobilus. Strobili are developed
at the apices of specialised, distinct, erect branches with smaller scale-l:ke leaves as i L.clavatum
and L, compfanamm They are also produced at thc ap:ces of ordmary vegetative -branches and aré



gessife in L.innundatum and L.annotinum. Though belonging to the sub-genus Urostachya the species
L.phlegmaria showsl[strobili formed at the distal ends of the stem. They are long and-dichotomously
[ branched. In general the strobili are either long and cylindri¢al or short and oval (L.cennum). Each

strobilushasa oentr1z|11 short axis on which the sporophylls are spirally arranged in a compact manner.

Each sporophyll is dordate in shape and bears a single sporangium on its adaxial surface at its base

(H925 ).

)

Fig. 25.4. Lycopodium AV.S. of strobilus, B. Sp@ If of L. clavatum.

Sporophyll of L. cernum. 1. Spores. 2. Sporangivny, 3/4Axis. 4. Sporophyll
. o '
The sporangia are comparatively larger andykid y-shaped; At maturity they are yellow in
colour. Each sporangium shows a multicellular st{‘%\kﬁd a capsule, The wall of the capsule is three
layers in thickness with the innermost layen%?lioning as a tapetum, Inner to the tapetum spores
are developed. Development of the sporangiui is Eusporangiate. A single row of superficial cells
on the adaxial surface of the sporophyll near its base function as sporangium initials. Sporangmm
initials undergo twolpericlinal divisions forming three tiers of cells with a middle layer of central cells
and one lateral IayerIFrf peripheral cellson either side. The layer of central cells undergo two periclinal
divisions, again forming three tiers of cells. The upper, middle and lower tiers are called primary wall
layer, archesporim jand sub-arcpesporium, respectively, The primary wall layer undergoes two
periclinal and several anticlinal dwmons forming a sporangial wall consisting of three layers. The
inper most layer of cells dre talled tapétam, They serve the function of nutrition for the sporogenous’
cells. The archesporial cells divide in several planes to form sporogenous cells which in turn divide
and round off to give rise to form a tetrad of haploid spores. Spores get separated at the final stage,
Inside each sporangium numerous spores are formed. As the sporangium reaches maturity, a thin
strip of celis called Stomium is distinguished in the wall. When the sporangium dries up, it dehisces
" vertically along the s+t0m1um to liberate spores that are scattered by wind (Fig 25.5 and 25.6).

Spores are haploid, very small measuring 0.03 ram to 0.05 mm in diameter and are tetrahedral
-in shape. The spore oat is two layered in thickness, The outer coat is thick showing reticulate ridges,
. knob like protnmons or line ridges. Inner coat is thin, uniform and granular. Outer spore coat shows
atri-radiate ridge. '1'he spores are uninucleate and contain chlorophyll.

g
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) Fig. 25.5. Lycopodium: Development of fum initial, BT Formation of central and’
— peripheral cefls. C.Formation of prifnaty wall layer, archesporium and sub-archesporium.
- D.Formation of jacket layer. E.For: % of sporogenous tissue. F. Formation of wall and
tapetum. G.Formation of spogéumother cells, 1, Leaf, 2. stex;iﬁ axis. 3. Sporangium nitial”
4. Central cel. 5. Peripheral cell 6/ Primary wall layer. 7. Archesporium. 8, Sub- archesporium.
9. Jacket layer, 10, Spor@pus tissue. 11. Wall. 12. Tapetum, 13; Spore mother cells. 14. Stalk.
W It .
’ ’

s

Fig. 25.7. Lycopoditm spores. A.Top view. B. Side view. 1. Triradiate ridge.

25.5.3. Gametophyte & Sexual Reproduction - - o
Spore germinates to develop into the gametophyte which xs:, also known as prothallus, There
is a great.diversity in the form and structore of a prothallus which varies with species of Lycopodium
quever,twomain;ypesmayberecbglﬁsed; o R .
The first type of prothallus (seen in L.cemuum, Liinnundatuim,- and ficlavamm) is smafl .
measuring 2-3 mm. These prothalli grow aerially on the surface ofiithe soil. They may be cylindrical.

[t
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or ovoid with lob 'd or branched top. They arc green except at the basal regions which are buricd
under the soil. The buried portions show mycorrhizal association. This type of prothallus matures
quickly and is short lived usually living for one season. Spores that produce them germmatc within
few days (Fig. 25. 7)

Fig 25.7. ]Tycbpodium gametdpfwtes. A. L.elavatum-Aeria), B. L.complanalum - Subterranean.
C.L.phlegmaria- subterranean, D. L.epmplanatum-V 8. of gametophyte. 1. Archegonium. 2. Crown.
*"3. Antherjdium. 4. Storage tissue. 5. Palisade tissue 6, Hyph@. 7. Epidermis. & Rhizoid.

. Prothalli ¢ 1f the second type,are non-green, saprophiytic and sub-terrancan (L.complanatum
and L.annoﬁ'ni:m) They are brownish;yellowish or colo . They are larger measuring 1-2 ¢ms
and are top-shapcd They require 5-15 years to mati led are long lived. The spores producing the
prothalli require 5.5 years for germination (F1

- shaped main bod:y measuring 2 mm in er. From the main body several slender, cylindrical,
colourless branches arise in an irregular fashion. The branches are about 6 mm in length. This
prothallus js also lassociated with the endophiytic fungus (Fig. 25.7)

In L.phlegmaria the prothallus i is %mp yuc and colourless. It consists of an urcgularly

./ -
The body ?f' the prothallus shows differentiation of epidermis, hyphal tissue, palisade tissue
and storage tissue from periphery to the centre. Rhizoids are developed from the epidermis. Sex
organs are produced in the green, cushion-like, lobed upper part In the sub-terrancan gametophytes
sex Organs are pr{)duoed in the flattened or hollow upper part (Fig. 25.7).

chvclopnlent_ of the prothallus from the spore varies with species. In L.gnnotinum
development commences even before the rupture of the outer spore coat. The germinating spore
divides to form tivo unequal cells, small biconvex cell (the rhizoidal celf) and a larger cell, At this -
stage the outer spore coat gets ruptured exposing the contents. The large cell divided to a vertical or
oblique wall forming a basal cell remains undivided. The upper cell undergoes two successive
divistons resultmg in the formation of an apical cell with two cutting faces, Upto this 5 celled stage
" the prol:hallus is ’t['esd by the mature spore. Further development.of the gametophyte depends on the
, s}’mblouc assocnalnon ofa phyoomycetous fungus at this stage with the basal cell. Development stops
_in case of no fungal infection. By way of further development the apical cell cuts off 5-6 cells along
- éachofits cuttmg face. Later the apical cell is replaced by a group of meristematic ceils. Cells derived
form the apical cell divide periclinally and the outer cells so formed are infectéd with the symbiotic
ftmgns.Uhlmately the apical group of meristematic cells give rise to major portion of the gametOphyte
'(ﬁ& 25.8).




bryophytes (Fig. 25 9). £

Fig. 25.8 Lycopodium; Dcvelc-apmem’of gametophyte. %B_ Formation of rhizoidal cell and large
cell. C.Spore coat ruptured. D.Basal and upper cell formation! E. Formation of apical cell. F. Mycorrhizal
association. G.Replacement of apicat cell by merist€matie cells. 1. Tritadiate ridge. 2. Rhizoidal cell. 3. Lazge

cell. 4. Basal ceil. 5. Upper cell. 6. Apical cell. 7. i hypha. 8, Meristematic cells. 9. Peripheral cell,

In some species of Lycopodiun: the g\ﬁtophytes propagate végetatively by the developmellt
of buds or gemmae (L. phlegmaria). eg etophytes reproduce sexually. They are monoecious.
Both antheridia and archegonia are fovfned on the crovn of the gamctophytes and are located at the

- base of the lobes..The gametop%arc Protandrous. y

Antheridinm is either complefely embedded or slightly prolectmg Ttis very. mmplc instructure.
Mature antheridium consists of a capsule with a single layer of wall cells enclosing large number of
Spermatozoids, Antheridium develops, from a smglc superficial ccll,thc Anthoridial initial, It
divides transversely into two cells. The outer cells-is. the Jacket mmal which undergoes several
anticlinal divisions to form a single layered wall of the anthend:um One of the wall cells gets
differentiated into an opercular cell. Thei inner cell, the Primary Androgonial cell, divides to form
Androgonial cells and ultimately Spermatozoid mother cells or Androcytes Each androcyte
metamorphoses into a fusiform bi-flagellate spermatozold that rcscmblés the spermatozoid of

i
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Fig. 25.9. Lycopodium: Development of antheridiom. A. Antheridivm i:.mi'él B. Formation of ;ack'cl‘
. initial and primary androgonial ¢ell. C.Formation of wall layer and androqrtes D.Spermatozoids,
-1. Antheridial initial. 2. Prmary  androgonial cefl. 3. Wall layer, 4 Androcytps. s. Flagella.




‘Archegonia are sinken with their necks projecting from the gametophyte. The neck of the
archegonium consjsts of four verticat rows of cells cach with 3-4 cells in height. Inside the neck the
numbier of neck canal cells varies with species. The ventre portion which is embedded is naked. It
consists of an egg land a ventre canal cell. Archegonium develops from a single superficial cell, the .,
archegonium initial. It divides transversely to form 2 cells an outer cell, the primary cover celiand an
inner cell, the centtal cell. Primary cover cell undergoes two anticlinal divisions that are at right angles
_ toeach other to form four neck initials. Each neck inittal undergoes two or threg transverse divisions

to form neck cells that are 3-4 cells in height. Central cell divides transversely t6 form a lower primary
ventral cell and all upper Primary canal cefl. Primary canal cell divides transversely to form neck
canal cells. The nufnber of neck canal cells varies with species. They are 2-3in L.cermutim, Tin L.selago
and 16in L.complanatum. The primary ventral cell also divides transversely to [orm an egg and ventre
canal cell, All thefaxial row of cells are derived from the central cell (Fig. 25.10).

Archeponiunt. 1. Archegonium initial. 2, Primary cover cell. 3. Central cell. 4 Neck:muals 5. Primary canal
cell. 6. Primary ventral cell. 7. Neck canal cell. 8. Neck cells. 9

Fig. 25.10. Lycopodinm : Development of Archegonivm A{ﬁé&m’ slages in the development of

fe canal cell. 10. Mature archegonivin.

" which swim theirj way to the archegonium. time the neck cells of the archegonium get

separated at the ltlp Neck canal cells a %E al_canal cell degenerate. Through this passage
spermatozoids enter, swim to the botto ne of them fuses with the egg effecting fertilisation.
The result of fertlllsatlon is the formation diploid oospore. Qospore develops into the embryo
that forms the sporophyle

- When mature the opercular.cell of the a:t %m gives way liberating the spermatozoids

Initial stagss of the development of embryo are similar in all species while the final stages vary.
Dcvelopmvnt of é]mbryo in L.clavatum and L.annotinum is described below. The fertilised egg after
getting itself surrbunded by a wall divide transverse to the long axis of the archegoninum enlarges to
form the suspcnsor It may remain undivided or divide to form 2-3 cells. Hypobasal cell which is also -
called the embryémc cell undcrgoes two vertical divisions and a transverse division to form 8 cells.
At this stage the cmbryo consists of 1 + 8 cells. The upper quadrant towards suspensor enlarge to
form a sub- sphencal foot that thrusts itself into the gametophytic tissues. Of the lower quadrants,
two form the stem while the other two form the leaf.

In the embryo there Is no separate segment for the root. At this stage the embryo rotates
through.90°. TheJ|stem and leaf segments become lateral. In course of time root appears from the
base of the leaf sc-igmcnt. The stem grows rapidly with other leaves forming on it (Fig. 25.11).

In L.laterale and I.cermiuim development of embryo upto 1+ 8 cell stage is similar. Further
development shows variation. The upper: four cells form the foot and the lower four formi an
undifferentiated 'mass of globose structure called Protocorm (Treub 1890). It becomes green and
produces rhlzmds from the lower surface. On its upper surface several conical outgrowths called
Protophylis are developed They have stomata and function as leaves. Protocorm shows the fungal

_association. Afte:lr' the development of sufficient number of protophylls a meristetmatic region is
- differentiated in thc protocorm, which forms the adult sporophyte with stem, roots and leaves (Fig.
25.12). Treub (1890) has established Pretocorm Theory.

He regard!ed protocorm as a structure of great anitiquity and likened it to be a pre.cursc,r of
stem. This view was opposed by stating that the protocorm was unlike an young sporophyte in the



absanéc of roct and vascular tissues and in the presénce of an undifferentiated parenchymatous mass
and endophytic fungus. All these are suggestive of its gametophytic resemblance. Many looked upon )
the protocorm as only an orgarrof perennation (Bower, 1908. Holloway, 1917-20: Eames. 1935)

tu

Flg. 25.11. Development of emb @ podmm A-E. Different stages in the development.
ACospore. B. Epibasal and hypobasal cell formation (1 + 1¢elis). C.8uspensor formation (1
+3cells). D. Suspensor and ogtants {1 + 4 + 4 cells). E. Formation of roof segment. F. Mature
- embryo 1. Qospore, 2. Su ‘@ or. 3. Embryonic cell. 4. Foot. 5. Leall 6. Stem. 7. Root.

- Fig 25.12. Lycopodium. Embryo showing prétocorm. 1. Prolophyll
2. Suspensor. 3. Foot 4, Protocorm 5. Rhizoid. 6. Ste.rn 7. Leaf. -
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- 25.6 UFECYCLE -~ I

[ . ] , - . _
_The graphic life cycle of Lycopodium is given-in Fig. 2513, . C
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Fig. 25.13. Lifc cycle of Lycopodlium.

25.7. SUMMARY

Sporophyte of Lycopodium grows abundantly in tropical regions, perfering moist and shady
localities. The plants hre slender, relativety small and herbaceous. @Zsubgcnus Urostachya stems
are either erect or pendcnt while in the subgenus Rhopalastachya re creeping and rhizomatous
with upright branche. Internally the stem shows the charac@ protostele. Leaves are simple and
microphyllous while [the roots are adventitious. Roots are or U shaped diarch and endarch
xylem strand. Sporophyle reproduces vegetatively by b in rhizome or by gemma formation, or
by root tubercles. Asexual reproduction takes pla Y spores (homospores) produced in sporangia
located in strobili. StSporcs germinate o develgpfinto gametophytles that are either aerial or
" subterranean. The gamctophytc reproduce y by producing sex organs viz., antheridia and

archegonia, Spermatozoid fuses with the c%rm an oospore, which later develops into an adult

sporophyte. There is h regular alternation betw€en the sporophytic generation and the gametophytic
generation, : o

25.8. CHECK YOUR PROGRESS: MODEL ANSWERS .

1 Itis a type of stele which consists of a solid core of xylem in the centre surrounded by a ring of
phloem without any pith.

2 Inaplectostele, the xylem is divided into several plates which are arranged parallel to each other
with the phloem llil between the plates. In a mixed haplostele the xylem is dispersed in the phloém
mass as isolated islands. -

25.9., MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each

1. Describe the internal structure of the stem in L)mopodmm illustrating different types of stelcs
2. Describe the sporophyte of Lycopoditm and give a general account of asexual rcproductlon

3. Describe in detail the gametophylic generation in lycopodium.
IL Answer the following questions in about 10 lines each.” =~ -

1. Describe bne[ﬁy the gametophytes of Lycopodium -
2. Describe br:clﬂy the strobilus of Lycopodium . .
-3, Write briefly ba the development of embryo of L)ropodmm
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© 26.1. AIMS AND OBJECTIVES

After going though this unit you will be able to: \>

comment: upon the habitat of Equisetm, : i ,

describe the external form and internal sfructure of the sporophyte of Equisetum,
comment upon the asexual and sexual reproduction of Equisétum,

describe the structure of the gameto, phyte or prothalli, and

draw a graphic life cycle of £ Bt :

U

26.2. INTRODUCTION ) N

1

The genus Equisetum is the only living genus of the order Euisetales. It includes about 25
species. Equisetum is very rough in texture, because of which its spécies are popularly known as "horse
tails" or "scouring rushes”. In several regions.of America this plant was used as a ‘scouring agent’ in
the past. Its use is found in the present day times also, The gr:nus‘i;é cosmopolitan. It is found all over
the world except in Australia and New Zealand, i '

Equisenm thrives in a varicty of habitats. £. arvense grows in exposed localities that are either
i . B 1 . . .
grass-lands or waste lands such as sandy road sides. The species E.palustre is an inhabitant of poRds,

marshy localities and river bunks, £, debife grows aiong the sand); river banks or in shady, swampy -

suils found in forests. E. pratense is found in damp localitics that ‘are shaded. Some.of the cominon
species recorded in our country are £, arvense, E. debile and E. rapniosissimum.

In Equisenurn the conspicuous plant is a sporophyte with di]’p]oid constitution. All the spécies
are rhizomatous, perennial herbs. They are slender and generally creeping. The sub-terranean
rhizome is much branched. Some of the branches grow crect a_nd: become aerial, which are usually
annual. The height and nature of the branches vary with specics, 'l:“hey are generally of one metre in
height. In E.scirpoides they are only few centimeters in height while in E. debile they are 3-4.5 m. E.
© giganteum, a species found in tropical America, reaches the height of even 1.3m. Inspite of their
height E. debile and E. giganteums; are slender and require the _snp;?;prt of the adjacent trees or shrubs
on which they climb. The diasneter of the stem is only 0.5 cm in the former and 2.5 cm in the latter.
In E. schaffuert, a Mexican species, the stems have a height of abq'_pt 2 m and a diameter of 10 cm.

i

I S
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26.3. EXTERNAHfL FORM ~ '

Sperophyte ofl‘fquis‘emm {Fig 26.1) is distinguished into stem, leaf and root. It is conspicuous
by its articulated stems and whorled scale-like leaves at each mode, . '

=

3

Fig. 26.1. Equisehum arvense: Habit of sporophyte. 1. Sterile branch. 2. Stem. 3. Rhizome..

4, Root. 5. Fertile branch. 6. Internade. 7. Node. 8. Nodal sheath. 9. Tuber. 10. Strobilus; . .

The rhizomatous-stem grows horizontally, sometimes penefrating upto 2 dcpih of one meter
under the soil surface, Jtis much branched ramifying over an area of 3-4m in diameter, It shows nodes

and internodes. At each node a whorl of scale-like leaves are present, which dre laterally fused

towards the base to fdrm 2 brown'sheath around the node. Alterq’atihg with each leaf a branch
primodium is presenf at each node of the rhizome. Branch primordia develop into cither
. sub-terranean or aerial branches or may remain dormant over a long period. Sometimes the branch

primordia develop intd specialised branches with single intermode and are described as tubers (E.

arvense). Rhizomes as ‘:r.'ell as branches arising from them are characteristically jointed at each node.
At the base of each noffle-an intercalary meristem that is responsible for the growth of the internode
for sometime is present. Because of the intercalary meristems and nodal shealths the articulated

nature of the rhizome -Iand stem is very prominent. Since the cells are soft and undifferentiated, the
stem breaks up readilylat each node. The internodal regions are very rough due to the imprcgnation

229



of silica. They show ridges and furrows. The number of ridges is as many as the leaves at each mode.
Each ridge lies on the same line as that of one of the leaves of the node above. Since the leaves of the
successive nodes alternate with each other, the ridges present on the successive internodes also
alternate (Fig: 26.2).

. Fig. 26.2. Equiselum: Rhizome portlon enlarged. 1. Rhizome. 2. Node, 3 Furrow. 4. Ridge.
5. Aerial branch. 6. Intemode 7. Branch primordiunm. 8: Root. 9. Sub-terranean braneh.

- Aerial branches produced from the nodes of the undcrgrouud rhizome grow vertically above
 the ground. In E. arvense two types of branches, the sterife and fertile, are produced. The former are
green chlorophyllous and photosynthetic whilé the latter are non- chlorophyllous bearing strobihi. In
other species no such distinction is found and all branches are chlorophyllous (E. ramosissimum).
The acrial sterile branches may be unbranched (EMyemale) or,branched. Sterile shoots are much
branched showing the branches of tertiary order }sﬁ arvense or less branched consisting only two
orders of branches (E. syfvestris), Branches oduced from thle branch pnmordla at the node and
‘burst through the nodal sheath. In some s all the branch primordia develop into branches
resulting in the formation of a whorl of bréinehes at each node. In E. ramosissimunt only 1-3 primordia
at each node develop into branches, This results in an irregular‘branching. All sterile branches are
chlorophyllous and manufacture alith&food required for the plant. The leaves are of little importance
for photosynthesis.. o ; '

Stems of Egquisetum are naturally cladodes. In E. debile strobili appear at the apices of green
strile branches. Separate unbranched fertile branches are produoed in E. arvense and E. teimatia.
They are non-green bearing solitary terminal strobili. These branches dry up after the dispersal of
spores. In some species the fertile branches throw off the strobili_ after the liberation of spores and
function as sterile branches (E. pratense). In E. palustre three types-of brariches, the green persistant
sterile branches, the non-green short-tived fertile branches and the intermediate first fertile and
later sterile branches: are develoPcd The construction of a rhizome, sterile branch and a fertile

branch isidentical. . !
l

Leaves are small, simple, mlcrophyllous and scale-like. Thc number of leaves at each node

“ranges between 3 (E. scirpoides) and 40 (in bigger species). They are arranged in whorls and are

laterally united at the base to form a brown nodal sheath, Leaves may be green in early stages, but at
maturity they become non-green and protective in function.

~ Roots in Equisetum are adventitious. Usually they are found at the nodes of the rhizome, They
develop from the bases of the branch primordia at each node. Under special conditions they are also
developed on the aerial shoots. The roots are slender and fibrous. Though they. are persistent a well

defined root system is not orgamsed Branches areless frequent m occurrence and are of cndogcnous C

origin,



1264, ANATOMY AND GROWTH
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.In transverse section the stem of an aerialsterile branch is circular but wavy in outline due to
the presence of ridges and furrows. It shows three regions, epidermis, cortex and stele. Epidermis

- consists of a single layer of cells. The outer walls of the epidermis are thickened with silica which is

" either uniformlyjdeposited as a layer or embedded as protuberances resembling fine granules,

rosettes or spines etc. Because of this the stem of Equisetum has a very rough surface. Epidermisis -

also provided with a thick cuticle. On either sloping side of the ridge there is a stoma. Each stoma
consists of two pairs of celis. The inner pair of giard cells are completely over arched by a pair of
subsidiary or accgssory cells. Thus the stomata are concealed and are described as sunken stomata.
Stomata in Equisétum are unusual and characteristic because of the stomatal initial undergoing two
successive longitudinal divisions, the deposition of silicious band-like thickenings between the
accessory and guard cells and thickenings radiating from the stoma. Cortex is broad and highly-
differentiated to Luit the functions of photosynthesis and mechanical support. It can be differentiated
into hypodermis, middle cortex and endodermis. Below each ridge a semi-circular patch of colourless
sclerenchyma is present. In E, gigantewum these patches extend inwards almost upto the endodermis.
At the bottom offurrows also thin patches of scleranchyama are seen. Connecting these patches of
sclerenchyama isolated, ribbon-like ¢oncave patches of chlorenchyma are located. Each concave
band of chlorenchyma lics beneath one of the sclerenchymatous ridges. Stomata open into the
ch.lorenchynmtmiils bands. In other species chlorenchyma patches lie beneath the furrows only. This
tissue forms the yain assimilatory tissue. Middlé cortical portion}'n\ncr to hypodermis consists of thin
walled parcnchyglatous cells, Lying in this region, below cach\f\q_l;QW, there is a single prominent air
space or cavity cilled vallecular canal.

Vallccularl- canals are present as a ring in ¢ rtéx._. They contain air and are meant for
aeration, They are formed lysigenously. Innermost\ayer of cortex, the endodermis, varies with
species. The common condition ks the presenée of.a single ring of endodermis surrounding the ring

vascular bundle is surrounded by a sepdraté ing of endodermis. The third condition is found in E.

. of vascular bundles {(E. arvense, E. scfrp%:) E. paiustre). In E.giganteum and E.laterale cach

hyemuale where there are twd rings of endod€érmis, one outside and the other inside. Qutermost layer
of the stele is 1h!e pericycle consisting of a layer of thin walled cells. The stele is a siphonostele
consisting of a ring of vascular bundles, each corresponding to a ridge. The number of vascular
bundles is equal é-jo the number of leaves present at the node above. Naturally the number of vascular
bundles varies w?th the number of leaves present in a particular specics. Vascular bundles are

collateral and endarch. They resemble the vascular bundles of-a simple monocotyledonous stom.

Xylem is poorly developed. Each vascular bundie consists of two metaxylem points that are widely ~

separated and located towards the periphery exteriorly. Falling towards the interior centre, there is
a single, median protoxylem point. Protoxylem comprises of annular and spiral tracheids while the
metaxylem has sGalariform tracheids. Associated with.the protoxylem there is a lysigenous cavity

called carinal caity in each vascular bundle. It is formed due to the degeneration of tracheids
belonging to pro(]'oxyiem‘ Carinal cavity contains water, Phloem is located in between the two exterior

metaxylem pointsl. Phloem consists of sieve cells with sieve plates and phloem parerichyma.

The vascujar bundles are separated from one another by parenchjfmatous cells, Inner to the

ring of vascular Bundles is a large pith. It becomes hollow due to the destriiction of cells. The pith

cavity usnatly contains water (Fig. 26.3). - ) . X\
. Internal sﬁructures of sterile branch, fertile branch and rhizome.are almost identical with
certamn diffcrcn]-e. Fertile branch lacks stomata, sclerenchymatous and chlorepchymatous
- hypodermis. Rhizome is devoid of stomata and chlorenchyma. Sclerenchyma is poorly-developed
and the pith is solid in a rhizome. An anomaly is found at the nodal regions where the vallecular and

carinal canals arg absent. No true secondary- thickening of the stem takes place since there is no’

b camblum
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Fig. 26.3. Bquisetum. A, Transverse section of @)iagrammatic) B.T. IS of stem sector en larged.”
C. Stomata enlarged. B-F. Types of endo is. D, Ring of endodermis ogter to vaseular bundles. E.
. Endodermis for each vascular bundles. F. ';?I%gs of éndodermis outeranf'q inner 1o vascular bundles.
1. Stomata. 2. Epidermis. 3. S| hymatous pateh. 4. Middle coftex. 5. Valleeular canal.
6. Endodermis. 7. Medulla. 8, Chghal cavity. 9. Vascular bundle, 10, Collenchymatous patch.
" 11. Metaxylem. 12. Phloent. IQSO:@ em. 1d. Cuticle. 15. Pericyele. 16, Accessory cell. 17. Guard cell,

The anatomy of the stom in Equisetem is interesting since it shows hydrophytic as well as

‘xerophytic characters. Reduction in the Xylem and presence of vallecular canals containing air are -

hydrophytic characters. Presence of thick cuticle, sunken stomata and excessive mechanical tissues -

are xerophytic characters. Extremely reduced scale-like leaves and the green photosynthetic stems
are also xertzphytic characters, '

In cross section root is circular in outline. Tt is differentiated into three regions, epidermis,
cortexand stele. Epidermis is single layered bearing few root hairs, It is also known as piliferous layer.
Cortex which is next to epidermisis.3-4 layers in thickness. Sometimes the outermost layer of cells

may be thick walled to appear as an exodermis, Endodermis in Equir;gru:n is characteristic in being -

doublé layered. Outer layer of cells are large while the inner are sr’:}all. The inner layer not only

replaces the customary pericycle but also functions as a pericycle in flu::;rmjng a seat for the origin of
lateral roots. Stele is much smaller than cortex. It is triarch to hexarch.illt consists of a single centrally

located metaxylem element surrounded by 3-6 protoxylem points. Xyletn is éxarch in nature. Vascular
bundles are radial as the phloein patches lie in between the adjacent protoxylem points (Fig. 26.4,),.

~
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Fig. 264. Equisetum: Transversé section of root. 1. Epidermis.
2. Cortex. 3. Fndodermis. 4, Metaxylem. 5. Protoxylem. 6. Phioem.

InEquisemr[i leaves are scalg-ljke and microphyllons: They have unbranched mid-veins, Leaf

traces arise from the internodal vascular bundles but no leaf gaps are formed. In cross section both

surfaces of the leaf

sclerenchyma altcr!ﬁl

show-single layered epidermis with stomata \Mesophyll comprises of bands of
ating - with narrow strips of chlorenchyma.“\Midtvein consists of a single, simple,

. collateral vascular bundle surrounded by an endodermis.

Growth of tﬂe stem is effected by a single tetr. ra; apical cell with three cutting faces. Just
as in stem, root also grows by an apical cell ha@ e cutting faces. It is protected by a root cap.

The apical cell of the root produces root cap t

ide and rest of the root to inside. -

Check Your Progress -1 @ .
Describe the vallec cavity.

Note: (a) Write

nlar canal and cariﬁal

the answer in the space given below.

(b) Compare your answer with the one given at the end of this unit.
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26.5. REPRODUCTION S o

Sporophyte inEqm‘m‘u}n reproduces by vegetative as well as asexual means.

il
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-26.5.1 Vegeétative Reproduction

Vegetative propagation takes place by tubers which are only the specialised short branches -’_‘:
developed on the rhizomes. Tubers may be ovoid (E. arvense) or péar-shaped (E. efmateia). When
separated from the parent plant tubers give rise to new plants.

26.5.2. Asexual Reproduction )

Besides the vegetative propagation the sporophyte rcproduces “asexnally through Spores
Equisetum is homosporous and apparently the spores are all alike, Strobili are solitary and terminal.
They are either developed on,specialised fertile branches or on the normal vegetative branches. In
some species they are produced even on the lateral branches of the-erect shoots. ‘

_Each strobilus is spindle shaped (Fig, 26.5). It consists of a thick central axis bearing several
mushroom-shaped Sporangiopheres in several alternating whorls, They are crowded and are about

Fig. 26.5 Equisetum. A.Entire strobilus: B. Longitudinal section of s'tmbilusf. C. Sporangiophore. D). Spore with
elaters coiled! E. Spare with stretched ¢laters. 1. Sporangium. 2. Sporangiophore. 3. Central axis. 4. Annulus.
5. Peltale disc. 6. Slit. 7. Stalk. 8. Elaters. 9. Middle layer. 10. Exospt")m. 11. Endospore. 12. Epispore.

- 1220 in each whorl. Sporangiophores project at right angles to thc central axis. Below all the

sporangiophores the central axis bears a whorl of specialised lcavcs united to form a cup-like
structure cafled annulus. Strobilus is suspended in the annulus. Annulus is more conspicuous in
spegies with specialised strobili. Each sporangiophore consists of a short, cylindrical stalk with its
distal end expanded into a circular. flat, peltate disc, The disc s at Fight angles to the stalk. Because
of the lateral pressure of the adjoining discs, each disc attains hexagonal outline. On the under side

. of the disc 5- 10 sporangia are borne ‘as a ring around the stalk. The compadct arrangement of the
- peltate discs provides a protective covering for the sporangia located underneath. There is a

difference of opinion regarding the morphology of the sporangxophore Some regard it as a structure
equivalent to a sporophyll (leaf) while others consider it as a modified branch (stem) developed at

the node. Certain others consider it as an independent fundamental organ whose morphology is



) difficult to be dctcrmmed (organ suigeneris). Sporangia that are borne on the under surface of thc

disc of the. sporangmphore project horizontally towards central axis, They are cylindrical and sac-like.

- At maturity each sporangium consists of a two layered wall ‘within-which spores are present.

Development of the/sporangium is eusporangiate. As a result of meiosis of the spore mother cells,
haploid spores arc| generated. When the spores (formed imside the sporangium) are ripe,
sporangiophores shr%nk and the sporangium dehisces longitudinally by a slit formed towards the stalk
of the sporangiophores.

Spores llberaled are spherical and uninucleate. Spore wall is thin in young 'stages but gcts ‘

complicated later. Sporc wall shows four layers. Iniermost layer, the endospore, is thin and consists
of cellulose. Outer tc;{the endospore are exospore and middle layer. Quter most fourth layer is-called
epispore. Tt is split into four separate long strips, the elaters, that are attached to the spore at oné

common point. Thcy are hygroscopic and remain spirally coiled around the spore under moist -

conditions. In dry weather they uncoil to appear as ribbon like strips. Function of the elaters is
uncertain. They maylassist in the dehiscence of the sporangium as well as in the dispersal of spores.

26.5.3. Gametophyte and Sexual Reproduction

Spores initiattlz the haploid generation. They germinate within 10- 12 hours after liberation to
developinto gamctophyles or prothalli. Gametophytes growin moist shadedlocalities. They are srall
measuring 1 to 10 mm. However, in E. debile prothallus grows to 3 cm in diameter when it is several
months old. Prothalls growing in nature are dull brown and mconsplcuous

They are casxllr gmwn in culturcs and resemble green pin‘heads. Each prothallus shows two
well-marked rcglons“ the rounded colourless cushion like I region and vertically erect green
lobes. The cushion-like base expands by a marginal menst*&[&' hich also gives rise to erect lobes.
Rhizoids dre preseniﬁl on the ventral side of the cushio ¢ verticat erect lobes are plate-like and
are developed from the dorsal surface of the cushi n}&l?gb;een crect fobes that are photosynthetic
in function also bear the sex organs, Prothalli of Egtrisettorn are long lived. The larger prothalli live

Fig. 26.6. Equm:tmn. Sectional view of gametophyt:e. 1. Erect
_ lobe. 2, Archegonivm, 3. Cushion-like basal xegion, 4. Rhizoid.

The gamctoph tes are cither rnonocclous or dioecious about which there is inconsistency. In
E. debile, gametophytes when grown densely become dicecious bearing one type of sex organs only.
‘When theyare grown at a distance from each other they become monoecious bearing both archegonia
and antheridia. In EJ laevigatum they are typically monoecious. In E. arvense gametophytes are
dioecious (bearing antheridia only) in unfavourable condjtions, where as under favourable conditions,
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they become monoecious. Gametophytes of Equisetum are usually monoecious and show partial
dioecism under certain conditions. The monoecious species (E arvense and E telmateia) produce

archegonia first and then antheridia. Such gametophytes are described as Protogynous. Usually sex
organs are formed when the gametophytes are 30-40 days old. 'E ) :

o Archegonia are formed from the marginal meristem on the dorsal surface of the prothalius.

; - They are located at the base of the vertical erect lobes. Several archegonia are formed on each .
prothallus. Each archegonium has a basal ventre portion which is'‘sunken in the prothallus. Only the
neck portion’ projects out. Neck consists of four vertical rows of cells, each having 24 cells.
Uppermost neck cells are elongated. Ventre consists of an egg cellat the bottom above which assingle ‘
ventre canal cell is located. Since the ventre is naked, the egg cell and the ventre canal cell are ir
direct contact with the vegetative cells of prothallus, Above the ventre canal cell there may be onc

. oF 1Wo neck canal cells.. In the latter conditions they are bootshaped and lie side by side (Fig. 26.7)

cells. 3. Spermatozoid. 4. Flage "Neck cell. 6. Neck canal cell. 7. Mentre canal cell. 8. Egy cell.

A L -
Fig. 26.7. Equisetum. A, Anthe @E{’Sz;mozoid. . Archcgoniunij. 1. Wall layer, 2. Andr(;gonial
Antheridia in Equiseﬂ%f'ﬁsual]y of two types. The ﬂrst,:!!embedded type, are developéd in
the cushion like basal portion e prothallus towards dorsal surface. The second, projecting type
are produced in the vertical erect lobes at the apices. Both are eni:bed'cd in the tissues of prothallus.
Antheridia are spherical in shape and their structure is simple. Each antheridium consists of a single
layered wall inside which usually 256 spermatozoids are developed. One of the wall cells is triangular
and is distinguished into an opercular cell. It brings about the liberation of the spermatozoids which
- arespirally coiled and multiflagellate (Fig. 26.7). B
. In 2 mature archegonium the neck canal cells and veritre canal cell degenerate.. The
Ln o NS, CSetmatozoids Swim dowa the axial canal, reach the egg cell and 0:1:16 of them fuses with the egg. The

result of the fertilisation is the formation of a diploid oospore. :
: - Oospore divides and develops into an emibryo that ultimaitely results in the formation of a
5 sporophyte. Unlike other pteridophytes several sporophytes are formed from a single prothallus of
Equisetum. In E. debile usually §-10 sporophytes are formed frorﬁ[ a single prothallus,

Itis because fertilisation occurs in several archegonia. Duriﬁg the early stages of development
. of the embryo, suspensor is not formed.- The quadrants are differentiated intb stem, leaf, root and 2
weak foot. Ultimately the embryo forms a young sporophyte with s:gem having nodes, internodes and

whorls of leaves at each node. The first root of thesporophyte grows downwards piercing through
the prothallus (Fig, 26.8). P . § < o,

" . . ]
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Fig. 26.8. Fquisettim: Gaqtctopl1ytc with sporophytes. 1. Stem. 2. Young sporcphyte. 3. Gametophyte. 4. Root.
Check Your Progress -2 &3 ) L ‘
2. How does Equiselmm reproduce vegétatively? ' 0
3. Whatisan episp?rc,? : . .
. Note: (a)  Write the answer in the space given below, .
(b) Compare your answer with the one;givcn‘?kc end of this unit.
26.6. LIFE CY CLE
!'- .
The graphicilife cycle of Equiseam is given in Fig. 26.9.
‘ £
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: Equisetum
Embryo —_—

Sporophyte Strobilus
(29 @9 @)
, Sporangiophoré
Diploid Generation : [ @y
Oospore (Sporophyte generation) 1 Sporangi_um
(2] . ' -l | (2%
FUSION _| MEI1OSIS| -
% ~ Spermatozoid Haploid Gengration i,
. (0 J x) (Gamb@hytic Generation) ;
. - |
L Antheridium,_ | : b
) * Gametophyte .. Spore
Archegonium (x) ) (x) k
(x). ‘ |

Fig. 269 Equisetum.: Life cycle-Alternacon of generations.

26.7., SUMMARY -

Equisettmn thrives in a variety of habitats wh
be either marshy or sandly. Equisetunt is a perend

ichinclude damp and shaded localities. They may
1 hérb with a very rough texture. Sporophyte of

Equisetum has a rhizome from which aerial b ;.., hes arise. Stems are jointed at nodes and function

as cladodes. They show ridges and furrows an
atise from the nodal regions of the rhizorf

of hydrophytic as well as xcrophyti?;

a
v

Besides vegetative propagation, sporophyte reproduces asexually, Strobili are developed at
the tips of ordinary or spz%d branches.

are rough in touch. At each node 3 whorl of roots

he anatomy of stem reveals an interesting combination
ers. Stele is a siphonestele with-a ring of vascular bundles.

They have mushroom shaped sporangiophores.

- Sporangia are borne on the spo ngiophores. Spores are uniformiand are characteristic in having

elaters, Spores germinate to produce cushion like prothalli. Antheridia and archegonia produced on

prothalli bring about sexual rep
fuses with the egg ta form an oos

roduction, One of the multiﬂagcllj,atc spirally coiled spermatozoid

pore. Qospore develops into the embryo which ultimately forms the

adult sporophyte. Diploid sporophyte of Equisetum regula

1ly alternates with the haploid

_gametophyte or prothallus. Sporophyte and gametophyte are indep"endent and conspicuous.

26.8. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The transverse section of the stem shows some cavities one below each furrow in the cortical
region called vallecular canals. These carals are filled with air %nd meant for acration. kn each '
vascular bundle associated with the protoxylem, there is a lysigcn;:lous cavity called carinal cavity, -

The carinal cavities are filled with water.

L
2. Equisensm reproduces vegetatively by tubers. Tubers are specialised ovoid or pear shaped short _
branches produced on the rhizomes. When these tubers are separated from the parent plants they

give rise to new plants.

epispore is split into four separate long strips called elaters.

J

1
1
1
i
i:
!:

; . i
3. The spore wall of Equisetum consists of 4 layers. The outer most layer is called epispore.The -



26.9. MODEL EXAMBNATION QUESTIONS

I. Answer the following quesﬁdns in about 30 lines each,

. Describe the internal structure of the stem of Equisesum with the help of a neat diagram.

o

. Describe th|c1> sporophyte of Equisetum.
. Give a detailed account of the strobitus of Equisetum.
. Givea brieq]'

I1. Answer the following questions in about 10 lines each.

T ]

account of the life-cycle of Equisetunt.

- 1. Write briefly the anatomy of Equiseturi
| 2. Write brieiﬂf about the sporangiophore in Equisetum
3. Describet t}‘; different types of spores in Equisettns.
4. Describe briefly the gametophyte of Equisetum.

© e e
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~ 27.1, OBJECTIVES

After going through this unit you will be able to: o !

1. comment upon the habitat of Marsilea,

2. describe the'external and internal structure sporophyte of hfa’arsi!ea, and. - .
3. describe the asexual and sexual reprodq\\ction i’ Marsilea. ;

. s = L 3 ™
27.2. INTRODUCTION - Qw . o

The genus Marsilea con@)f about 65 species which are distributed all over the world.
However it prefers warmer parts such as Tropical Africa, and Australia where if-is rich in species, |
Nine species of Marsilea are recorded from India (Gupta, 1962). Leaves of Marsilea form fodder for

* the cattle. Sporocarps, the fruiting bodies of Australian species, form an occasional food for
aborigines. : ) F :

Marsilea is eithér aquatic or amphibious in habitat. Plants ar!e adapted to grow in shallow
waters or in wet places such as ip mud of marshes. M, vessita grows inltemporary shallow ponds but
continues.to grow and produce sporocarps even after the drying up of the pond. In M. minuta
sporocarps are developed under aquatic habitat, while in M. aegyptiaca sprocarps are produced
under dry terrestrial conditions. A few species are completely terrestrial growing on soil that is dry

* throughout the year (M. hirsuta). These species can survive long pcriqjds of drought.:

The conspicuous plant of Marsilea is a sporophyte. Though it is an aquatic fern, it hardly
resembles a fern. All the species ate rhizomatous, perennial herbs.iThe rhizomes are rooted in
shallow ponds, mud of marshes or in dry soil. In aquatic species, the four leaf-lets of each leaf float
at the surface of the water giving resemblance to an aquatic four-leavediclover plant. Size of the plant
varies with habit. In aquatic species plants are big with petioles measuring 6-10inches in height, where
as in terrestrial species plants are-very small with petioles of 2-3 incheﬁ in height.

27.3. EXTERNAL FORM - I

. 1

. ) - [: ' n
Sporophyte of Marsilea is distinguished into stem, leaf and root. In all species the stems are -
slender, branched agd rhizomatous. Rhizomes are creeping with indefinite growth and are found |

¥ i
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growing on or ]ust below the soil surface. They are less frequently branched with either dwhotomous-

or l‘a:eral branches.,

. Inthe latter/case branches are produced nearer or below the leaves but'never from the axils
of leaves. In M. minuta, branches arise lateral to the leaves (Puri and Garg, 1953). Rhizomes show
distinct nodes and jaternodes. Internodes are longer in aquatic species and shorter inspecies growing
under semi-aquati-!.-l: or dry habitat. Nodes are distinct in having leaves and roots (Fig. 27.1.)

« Fig, 27.1. Marsilea quadn@*’»ﬂab‘it 1. Leaf. 2. Sporocarp. 3.
" Rhizomeé. 4. Advcntit%t& 5. Leaf let. 6. Petiole. 7. Young leaf.

Ateach nodc one to several adven s roots are borne on the ventral side of the rhizomes.
An exception is ound in M. minuta where roots arise laterally, They are formed in acropetal
succession with the youngest towards the apex. In M. aegyptiaca roots arise at the internodal rcglons
also. Roots mMa]"m!ea are fibrous and are either branched or unbranched.

In Marsileal the leaves are alternate and are arranged in two rows on the dorsal side of the
rhizome, They are petiolate and quadrifoliately compound. Length of the petiole varies with the -
shallowness of the!pond in which it grows. Petioles are long enough to float the leaf-lets on the water
growing in semlaquatlc and dry habitats. The petioles are short, stout and erect. At the tlp of the
petiole four leaf- 1éts are found as a cluster spereading on the water surface :

Of the fou leaf-lets two form a diatal pair which stands slightly higher. The single leaf blade
is divided into four leaf-lets as a result of three successive dichotomies. The terminal pair represent

the third d:chotml:ly (Bower, 1926; Eamies, 1936) (Fig. 27.2). Shape of the Jeaf-lets is eithér obovate °

or cunedte. Vems m each leaf-let are dichotomously branched with vein-lets inter-connected by Cross
connections. Tllsis.i of veins are connected by marginal loops resuiting in a closed reticulum. Durmg
~ night time the ]caf let fold upwards exhibiting the nyctinastic movements. Young leaves of Marsilea

show circinate vernation, a fern character. As the plant matures stalked rcproclucnvc bodies called

sporocarps are developed towards or nearer the base of the petioie

v
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"27.4. ANATOMY AND GROWTH :

Fig, 27.2. Marsilea. A Terminal part of leaf showing leaf lets. B. Formation of leaf tets (Bower). . Distal pau
of leafiets. 2. Vein lets. 3. Proximal pair of leaf lets. 4. First dichotonyy. 5. Scconld dichotomy. 6. third dichotomy,
Il '
i : !
[

l ;|
Anatomy of rhizome, petiole, root and lamin®¥hows distinct hydrophytlc characters,

- In cross section the stem is circular in outline. It\shows threc distinct regions as epidermis, .
cortexand stele. Epidersmis is single layered without z}i:;)mata. Cortcx is wide with a differentiation .
of outer cortex, middle-vortex, inner.cortex a @ ter endodermis, The region next to epidermis
forms the outer cortex which is pafcnchy:gato arid one to many layers in thickness. Inner 1o this,
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Fig27.3. Marsilea A Transverse section of rhizome (dmgrammanc)-g:ound p!an B. Sector of transverse section
of rhizome. 1. Epidermis. 2. Outer cortex. 3. Middle cortex. 4. Inner cortex. 5 Medulla, 6. Quter endodermis. ¥
7. Outer pcncycl& 8. Outer phloem. 9. Xylem. 10. Inner phloem, 11. Inner. endodermas 12. Inner pencyc]c



middle cortex consists of a single ring of air chambers characteristic of an aquatic or marshy plant.
' The air chambers ark separated by single layered parenchymatous septa. Cortex inner to the air
chambers forms the ialm_er cortex. It is solid consisting of a ring of thick walled cells just below the air
" chambers and the red) having parenchyrhatous célls with starch as a storage product. In some species
the entire inner cor’tefmmay be of thick walled cells. Inner most cortical cells are distinguished intq a

distinct layer of outetiendodermis. Inner to the duter endodermis is the stele which is an amphiphleic

siphonostele. The outermost layer of the stele is the outer pericycle with a single layer of rectangular

celis. Inner to the pcgicycle, the xylem is in th® form of a ring surrounded by a layer of phloem onits

" edther sidgé. Thus thd xylem is flanked by outer phloem -and mner endodermis. Medulla or pith is
located in the centre inner tothe endodermis formingthe core of the stem. In aquaticspecies medulla
is parenchymatous Where as in species growing in mud or on dry soil it consists of thick walled cells,

Generally definite pll'otoxylem elements are not present (M. guadrifolia). But in M. vestita, Xylem

shows well défined protoxylem groups that are exarch. In M. aegyptiaca xytem is distinctly mesarch

(Fig. 27.3). :

- Petiole is alsa circular in outline as in stem. It consists of an epidermis with a single layer of
rectangular cells. Cortex which is inner to epidermis consists of one or two layers of thin walled cells
forming hiypodermis. Inner to the hypodermis is the middle cortex having a ring of air chambers that
are separated by single layered septa. Inner cortexis compact and parenchymatous. Iener most layer
of the cortex is distinguistied as endodermis. Next to endodermis is stele that ismore or less triangular
in outline, It cansists of a single concentric vascular bundle. A single layered pericycle surrounds the
- . stele. Xylem which 18 located in the middle is V-shaped with the two arms of the V sgparating and
curving away from dich other. The wide opening of the ‘V’ is lowargs the adaxial side. In the middle

of each strand one or two large tracheids forming the metaxylenhare Yocated; and towards its either
end the smallcrstrari:hcids forming the protoxylem are situ making the xylem exarch. Xylem is
surrounded by phloem (Fig. 27.4). - ) .

Fig. 274! Marsilea: Transvers section of petiolé. 1 .Epidermis 2, Hypodermis 3. Airchamber.
4. Inmer cprtex. 5. 'Protoxylem. 6. -Metaxylem. 7. Phlocm &. Endodegmis. 9. Pericycle.
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Fig. 27.5. Marsilea: Transverse section of root. 1. Epidermis. :2 Air chamber:

3. :Cortm_c. 4. Endodermis. 5. Pericycle. 6. Metaxylem. 7. Ph?og:ﬁ:. 8. Protoxylem. . R

In cross section root is also circular in out line. Itis distinguished into epidermis, cortex and

_stele. Epiderniis is si ngle layered. Cortex which is inner to epidermis is differentiated into two zones:

The outer zone with air chambers separated by one layered septa ‘and the inner zone consisting of

starch filled parenchymatous cells or thick walled s ic cells. Endodermis which forms the inner
most layer of cortex is distinct, Next to endods is the stele. It is ';;diarch wit’h;’.-. protoxylem points. -
Outer layer of the stele is pericycle \_vitkga?in € layer of cells. Xylem appears as a plate having -

metaxylem elements at the centre and two xylem points one at each tip. Phioem forms two bands, -
one on either side of the xylem plagé. Thus'in the root of Marsilea, the vascular bundles are radial,
separate, and exarch. In M.quadrifolity M: drummondi, M. hirsuta, Xylem comprises of vessels (Whité,
1961) (Fig. 27.5). - ; < L - -
‘ In Marsilea leaves are megaphyllous. Leaf gaps are left due. to the formation of lgaf traces. i"
Lamifa appesrs as a strip in cross sectior, It shows venitral and dorsil epidermis bovindiiig the upper ]
and lower surfaces respectively. Stomiata are restricted to the ventral'epidermis in floating leavesand ' * * .
ini dthers Storata are uniiformly distributed oitboth thie épiderniis; Mesophyll preseat in between the
epidermisis differentiated into an upper palisade and lower spongy tissiies. Air chanibers are present

betwéen the lower sporgy tissue and dosal ¢pidermis. Each veiin consists of a sirigle Vascular bundle -

surroundedbya rifig of endodérinis. The vascular bundles are‘conceitricin having a centrally located
. -Xylen siriounded by phloem (Fig. 27.6). _ _ _ i
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Fig. 27:6. Mairsilea: '.i"rans_verse section of lamina, 1. Ventral epi"dle.i}-misuz Palisade tigsué.
3. Spongy tissue. 4. Air chamber. 5. Dorsal epidermis. 6, Endodermis. 7. Xylem. 8. Phloem.
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In stem growth is brought about by a tertrahedral apical cell, which cuts off segments. Each "
segment divides intd;an inner and outer cell. The inner cell contribytes to the central cylinder while - -

the outer o;l!kffqrmg the cottex and leaves from the dorsal segment and roots from the ventral

. ‘segments. unlike that of the stem leaf grows by a two sided apical cell.

,2135. RE?ROI UCTION _

Sporophyte of Marsilea. r;prodqgﬁcs by vegetative and asexual methods.

273.1. Ye_g_etggii eRgpr{bducti;_n SRR i S

*Vegetative réproduction takes place by tubers as in M. hirsuta. Tubers are thé'resti'n_g bodies
developed on rhizome. They germinate into new plants as.506n as the conditions become favourable.
‘ .r - I‘/ . T e - :

2752. Asexual-ReprodqctiQn g

~ The spo:ophy;te of Marsiléa reproduces asexually by means of spores and is heterosporous.

* Two kinds of sporgs, the microspores and megaspores are produced in the microsporangia and,

megasporahgia respectively. Both the sporangia occur together to form an elongated sorus. Several
such sort are ép_cld:s;d in specialised reproductive body called sporocarp. Sporocarps are borne
laterally on the petiole towards the base on the adaxial side. They are attached by means of stalks
which are often called peduncles or pedicels. The number and mode of arrangement of sporocarps

vary with species. In manyspecies they are solitary. InM. Quad}z{;k& pair of sporocarps afe found
‘near the base of ¢ach leaf and the peduncle is forked. Abofit 3% 20 sporocarps are arranged in lin€ar
sequence on the same side as inM. Polycarpa and M. sub lata. Stalks of the sporocarps may be
erect, horizorital, réflexed or descending. Shape of'th?peroéarp varies with species. In M. minua

S

_ it is bean-shaped & oval and squarish I M. a@ﬁac . Sporocarp is a bag-like structure showing

bilateral symmetry} At the point of attachment o he peduncle the sporocarp possesses one ox more
proteberances in tlr1@me_dian plane. Theserotuberances consist of araphe and &ne or two teeth-like
structures called tllber'cles. Raphe indicatesithe end of pcdiun,g!é. where it is fused with the base of
the sporocarp. At the distal end of the raphe the lower tooth which is stout and prominent is present.
The upper tootlris slender and weak, The side of the spdrpcarp with fubercles represent the posterior
side while the opposite being the anterior side- Upper and lower sides of the sporocarp form the
dorsal and ventralisides (Fig. 27.7). . T -

2
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- Fig 27.7. Marsilea: Sporocarp. A.Marsi!ea};zadrjfoliai B. Marsiliea polycarpe.
‘1. Petiole. 2. Spordeatp. 3. Tubercles. 4. Posterior side. 5. Raphe. 6. Dorsal side.
7. Anterior side. 8. Ventral side. 9stalk. 10. Wall. 11. Sperophore. 12. Sosus.
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Structure of the sporocarp is comphcatcd When the blfac:a.l sporocarp is split open aloug thc
margm of dotsal, anterior and ventral sides, it gets opened into two halves: The wall of the sporocarp
is hard,-thick and highly resistant and is mamly responsible for the tough nut like appearance of the
sporocarp. The wall is so reslstant that the sporocarps from 50 years old herbarium have retained

their wtahty and germinatéd, Runnm‘g along the inner margin of the sporocarp a gelatinous rmg o

called Sporophore is present. Starting from the posterior side it cxtends along dorsal and anterior
sides and ends somewhere in the middie on the ventral side. On the inner surface of e.ach half of the

- sporocarp well elongated sori extending from dorsal to ventral 51de are present. Sori on the opposzte

walls alternate with each other. Number of sori inside ¢ach sporocarp varies bctwec,n

' 2 (M. aegyptiaca) and 20 (M. vestita). Eachsorus consists of an clongatcd ridge like reccptacle having

astngle row of megasporangia along its top in the middle and many microsporangia on its either side.
The development of sporangia on the recéptacle commences at thé‘ top and proceeds ‘towards base -
on either side. Such sorus is described as a gradate sorus. Each- sorus is enclosed by a thm, dehcate

Iaycr of cells called indusium Whlch in Mam!ea is & troe mdusmm.

. .
.- . Structure of the sporocarp is best revealed by studying sec'uons obtznne.d in three planes: A:
Longntudmal Section, B, Transverse Section, C Tangenual scctlon (Fig: 27. 8) IR

. e 1A
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Fag 27.8. Mersilea - - S2etional views of sporocarp. A. l.ongltudmal Secuon B. Tranmrse T
. Section, C. Tangential section. 1. Sporophare. 2, Megasporangium 3. Stalk bundle. o
4. Dorsalbundle 5 Epndemus 6. Hypodermis. 7. Sorus, 8. Indusmm 9, Mlcmsporangmm '



sporocarp is tlnck having 3 layers, the epidermis and two layers of hypodermis. Both the

hypodermal Ia‘ rers consists of radially elongated cells with thick and thin cell walls in the outer
-"and inner layér: ,?pectively In the longitudinal section of the sporocarp, sori are cut across and
- are seea in n {rafisverse view. Several sori alternating 'with each other are present on either side.
- Each sorns shows areceptacle bea.rmg megasporangium. at thetop.and microsporangia on either

side, Allof thcm are enclosed by an indusium. Sporophore is present on both thc sides (Fig.27.8A).

’ B. Section of the; sporocarp_ passing through dorsal and ventral s:des is the transverse section,
Structuré-of the wall remains same as above. In transverse section sori are cut length wise and
present langitudinal view. The Single sorus present on either side displays the elongated
receptacle wlth either megasporangia or microsporangia. The entire structure is enclosed by
indusium, Spofophore is present at the dorsal end only (Fig. 27.8 B).

C. Secfion-of the tsporocarp passing parallel to the two halves of the wall forms tangential section.
The complete lpngth and course of the sporophore and the superficial view of the sori are revealed
in this section (F’g 218 C).

Sporocarps germinate in water. When a sporocarp split open along the ventral and anterior
sides is placed in water, sporophore absorbs water, swells and protrudes out of the wall. It comes out
of the sporocarp as a flap bearing the sori hanging th‘wn-wardj(g. 279).

el

Fig 27.9. Marsilea. Germination of sporocarp. A-C.Garmination stage. 1. Sporophore. 2. Sori. "

There is no unanimity of opinion regarding the morphology of the sporocarp. The two main
jiterpretations are: (a) Petiolar or Whole-leaf hyphthesis, and (b) Leaf segment hypothesis. The
| former was advogated by Johnson (1898, 1933). According to this hypothesis sporocarp is formed by
- the union of the two distal leaf-lets all along their margin. The proximal pair of leaf-lets are supposed
'to have been supprcsscd The second hypothesis holds that the sporocarp is resulted by the enfoldmg

of d single leaf- let (Bower 1926: Campbell, 1905) (Fig. 27.10).

Microsporangia that are developed on either side of the clongated receptacle have long stalks.
. Atmaturity microsporangium consists of a single layered wall inside which a double layered tapetum
is present Inner|to the lapeturn 32or 64 m;crospores are iocatcd, :

A. Sectlons separatmg dorsal and ventral portions are the longitudinal sections, The wall of the

247



248

b - s . Sl T PN "
o : . ¥ SR
- &f LIOET e,

Fig 27.10. Marsilea: Morphology of sporocarp. A(a‘bltc). Lca:;f segment hypothesis.
. B.(de). Wholeleaf hypothesis. 1. Sorus. 2. Indisium. 3. Dorsal leaf iets. 4. Proximal leallets.

. Microspores are haploid since -tﬁey-aré formed from the spore mother cell§ as a result of »
meiosis. Megasporangia which are developed at the top of the recéptacle in the middie have short

. stalks. Megasporangium also shows a single layered wall and a doub:l:c layered tapetum inside which

only ong megaspore is seen at maturity. In-megasporangium also s'}:cveral spores are formed as in
microspotangium but out of them only one matures and the other degenerate. Development-of .
B - ’ » - :

. T il .
Fig. 2?,'11.,Mars£lea: A. Sorus (Diagrapumatic). B. Transverse section of sorus. 1. Indusium. ~
2. Megaspdrangiunt. 3, Microsporangium. 4. Receptacle. 5. Wall: 6. Tapetum“, 7. Megaspore. B, Microspore.
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microsporangium’ d megaspofangm‘m is alike almost upto the final stages. Both the sporangia are
developed from smgle superficial cells and the.development is typically Leptosporangiate
(Fig. 27.11). _ : - i

. As the Sporoearp germmates, sporophore projects out bringing all the sori along with it. The
" indusia and the wallis of the sporangia gelatinise and dissolve within 5/6 hours liberating the spores.
Microspores so libbrated. are small measuring 0.075mum in diameter (M. vestita) or 0.06 mm in

M. minuta. They ark globose with a faint triradiate ridge on each. Wall of the microspore is thick - '

having three layersll the inner endespore, outer €xospore and the epispore.  Unlike that of the
microspore, megaspore is ellipsoidal and large measuring about 0.425mm along horizontal axis. It
shows dark coloured hemispherical protubeance or. papilla at the apex where a triradiate marking
is found, Wall of thg spore is thick having two layers each in the endospore and exospore (Fig-27.12).

F‘g 2? 12, Mﬂ!‘SdﬂT A. Microspore. B. Mature male gametophyte C.Spennatozmd D. Mega.«‘.pore E. Matuze

Ifemale gametophyte. F. Femaie gametopiyte at the tinte offernllsat:on 1. Epispore. 2. Exospore 3 Endospore
4. Wall of antheridium, 5. Spermatozmd 6. Prothalliat cell. 7. Flagella 8. Veeu:le 9. Female gametophyte
10. Papilla, 11. Spoewa!l 12 NecL 13. Neck capaf cefl. 14, Ventre canal cell. 15. ng 16. Gelatinous envelope.

27.53. Gaiile t’opliirteé and Sexli'a! Reprodt’ictién .

’ Spores con}imenee the gametophyuc generation: Mlcrospores germinate w1thm an hour after
their l.lberatlon to develop inid the Male gametopilytes Male gametophyte is reduced ahd is
completely formet'i Wwithin the microsporé. It consists of a single Protliallial cell, representinig the
" vegetative body of the male garetophyte and an Antheridium, Antheridiim consists of a jacket layer
_. of cells inside Wlnch 16 spermatozdids dre present. At the ultimate stage the jacket cell and the
prothalhal cell deé’enerate Yeaving the spermatozoids in the spore wall. Each spermatozoid is rauch
splrally coiled and mulnﬂagellate The number of coils ranges betweén 8 and 14-and vaiies with
species. Flagella aré not presert in the first three coils. The remainifig coils bear nucleus and
blepharoplasts where the ﬂage]la arise.. The botton most coil.ends as a vesicle contdining the
cytoplasmic remains of the : spore mother cell (Fig. v 12) The hberanon of the spermatozoids is
caused by the rupture of the spore wall and takes place withm 10-12 hours after the first development
activity of the microspore. :

.

—

4

249



Yo
L 1

1
i

Megaspores germinate within 2 hours after their liberation a!;;md mature female gametophytéq
-are developed in 14-20 hours. Female gametophytes are also formed within the megaspore. The'-
" megaspore divides transversely towards the apex forming 4 small apical cell in the papilla and a large -
basal cell occupying the entire magaspore. This large cell is called ?rothallial cell. Prothallial cell is.-
rich in food materials and remains undivided. _ A o

The female gametophyte isformed from the small apical cell which develops four cutting faces.

- It cuts off threg lateral cells and a singlé basal cell. All these four cells undergo repeated anticlinal’ |
divisions to form a one-celled thick vegetative tissue of the female gemetophyte, The inner central:
cell produces a single afchegonium’wl;_osc structure is simple. It consists of a neck with four rows of'
cells each having two cells in height. The axial row consists of an egg cell at the bottom, abgve which
the ventre canal cell and a single neck canal cefl are present. Femmale gametophyte of Marsilea is
regarded as highly reduced since it develops only one archcgdnium; (Fig. 27.12). -

As the female gametophyte is déveloped within the megaspore it is surrounded by an ovoid
gelatinous envelope with an inverted funnel shaped protrusion towirds apex. This envelope is more
watery and attracts spermatozoids which get stuck-up. The Spermailltozoids swim down towards the |
archegonium which by then is exposed by the splitting up,of the megai:s.pore wall at the papilla region. *
Neck. canal cell and the venire canal cell degenerate leaving ja passage through which the
spermatozoids enter and reach the bottom of the archegoniur. One of them fuses with the eggleading
to the formation of diploid vospore. ' !: '

il
it

Oospore develops into an embryo that ultimately forms an )"'oung sporophyte. Suspensor is
‘notformed and the entire oospore develops into the enthryo. Of'thefour cells formed, the two upper :
quadrant segments form the stem and while the lower uadrant segments form the foot and réot.

Along with the development of the cﬁé o, the lateral c‘z;all of the gamctophyte divide
periclinally as well as anticlinally to give riseg a calyptra of 2-3 l@crg‘ in thickness. The leaf segment
grows rapidly into cotyledon. Growth of the'Calyptra keeps pace witthhat of the embryo for 3-4 days.
Later the young sporophyte breaks thrdugh the calyptra and gets itself established in the soil when
the root segment develops the %00 » The stem segment grows ipt'lp_ rhizome (Fig. 27,13). L h

In M. drimmondi the unfévtilised egg develops into the emb: fyo and such a phenomenon is
known as parthenogenesis, Strasburger (1907) found the egg to be of diploid nature in such instances. }
. . - | N . :

27.13. Marsilea: Embryo. A. Maturé embryo. B. Emergence of cotyledon out of calyptra.
1.-Gelatinous envéfope. 2..Calyptra. 3. Cotyledon. 4. Stem. 54 Root. 6. Rhizoids.

n
|
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Check Your Progress - 1&2

1. What is a sporophore ? Describe its function.
2. What is an induciim ?

E R

Note: (a) Write the answer in the space given below.
. (b) Compare your answer with the one given at the end of this unit. ;
e
................................................ N R LI
27.6. LIFE CYCLE
u - . ) . ] .
The graphic life-cycle of Marsilea is given below- = ) S o
’ N ! L ’ . _ . - . " i o
Lo - VARSILEA §> "
. (f:)'?m @ SPOROPHYTE -Cs T{?::F)Ep _ o
' P
’ ) K . SORUS " -
' . SPOROPHYTIC OR ™S - REAL . _
t BIFLOID . ‘?\ -
. GENERATION - MEGA MICRO
OOSPORE . Q’”’" SPORARGIIM  SPORANGIUM
Y @ e
g ‘;-.-_'-,.,_Q}-_.’----‘— MEIOSIS |
GAMETOPHYTIC QR
, HAPLOID MEGA- MICRO:
SPERM EGG ENER, : SPORE SPORE
P EGG, GEMERATION ‘ o Re
: . | : 5
FEMALE -
NTHERIDtLM CH e < - 8
‘:x} f AR c-i'? Oni GAMETOPHY TE . ) :
: __ MALE c s v o
T T GAMETOPHYTE - R -
- (% S -
- Fig. 27.14. Marsilea: Life cycle - Alternation of generation
27.7. SUMMARY : S _
Marsileais either aquatic or amphibious in habitat. Conspicuous plant of Marsileaisa pcrenniul

rhizomatous’ herb jgenerally growing in shallow ponds. Sporophytes of Marsilea have .slender
‘thizomatous stéms yooted at the nodes: Quadrifoliately compound leaves appear on the rhizome in

two alternating ros k. Young leaves show cricinate vernation. Roots are adventitious. Internally stém
shows amphiphloi ’sipl;onostgle and several hydrophytic characters. BN -
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Vegetative rcproductlon takcs place by tubers. Marst!ea is heterosporous mega-and
micro-spores are produced in separate sporangia that the located'j in specialised fruiting bodies called
sporocarps. Male and female gametophytes are produced from mlu,ro -and mega-spores respectively.
Antheridia and archegonia which form on gametophytes bring -about sexuval reproduction. A
spermatozoid fuses'with an egg to fornran oospore; Qospore develops into the embryo which grows
into an adult sporophyte of Marsilea. Sporophyte of Marsilea alternates with the gametophyte to .
complete the life-cycle. Both thc gametophytes of Marsilea are vé:ry much reduced.

27.8. CHECK YOUR PROG_RESS: MODEL ANSWERS

- II
1. Inside the sporocarp running along the margin there is a gelatinous ring called sporophorc T

starts from the posterior side and extends along the dorsal and anterior sides and ends in lhc
middle of the ventral side. When the sporophore absorbs watcr it swells and protrudes out of the
wall bringing all sori to the outside. :

2. Inside the sporocrap the spores are present in elongated SOI‘I whu:h extents from dorsal side 1 to
the ventral side. A thin delicate layer of cells enclose each sorus and it is callcd mdusmm
27.9. MODEL L EXAMINATION QUESTIONS o S
. —
I. Answer the following questions in about 30 li@ch. i

[

1. Describe the internal structure of rhizl I e aftd’petiole in Marsilea.

2. Give an account of the detailed struc of sporocrap in- Mars:!ea

11, Answer the following questions in a?&lo lines each.

i
1. Write briefly about the spe of Marsilea. - ii
2. Give a brief account ¢ sofus in Marsilea. . lil
3. Describe briefly the nigjzporangium in Marsilea. i

4. Write about the spermatozoid in Marsilea. ) =




UNIT — 28} EVOLUTION OF STELAR SYSTEM

Contents

28.1. Objectives
28.2. Introduction
28.3. Stelar Theory

23.4. Evolution of Stele
284.1. Types of] Primary Xylem
284.2. Structure of the Stele.

28.5. Summary
28.6. Check Your P'i%ogress: Model Answers
28.7. Model Examination Questions

28.1. OBJECTIVES. : )

Alfter going throughithis unit you will be able to: g

a —~—

1. comment upon the stelar theory,

2. comunent crltlcally upon the progressive variation of stele, . /

3. define-and d;[fcrlcntmte betweén exarch, endarch and measar lem and

4. describe and dxﬂicrenuatc protostcle,s;phonostcle soleme , dictyostele and polycyclic stele.

28.2. INTRODUCTION -  ©

In the lowest|divisions of plants, the t oég;;and Bryophyta conduction of nutritive fluids
takes place by cell diffusion and there is no spécidlised tissue for conduction. As a result of evolution,
the higher divisions i)f plants the pteridophyta and spermatophyta have the sporophyte as a dominant
generation which has not only an increased size but has developed-a complex body. :

To meet the demand for a rapid conduction in an efficient manner, the sporophytes developed

..a specialised condulkzting tissue or vascular tissue. It-is primarily a transporting system concerning
the transport of a va{riety of nutritive materials in different paths and different directions. In addition
to conduction -va\sftl:hlar system-also offers the mechanical support and functions as a vascular
skeleton of a plant. Vascular system made its appearance for the first time in pteridophytes for which
they are described asvascular cryptogams. Though the pteridophytes are the first vascular plants,
origin of the vascular system in these plants is completely not known. Pteridophytes mlght have

successfully overcome the problems of a terrestrial habitat because of a true vascular system.

_ ' ' I
28.3. STELAI}{‘THEORY

Older matopmts like Nageli and othets supporting Phytonic theory regarded the individual
vascular strand of tHe leaf (leaf trace) pursuing its course from the leaf to the axis (stem) as a structuzal

unit of the vasculas system of a pteridophyte or a spermatophyte.

! o : ‘
However, the concept of the stele as a fundamesntal unit of a vascular system put forwarded

by Van Tieghem ml:rd Douliot (1896) formed the basis of the Stelar theory. Stelar theory holds that

the body of a stemijor a root looks alike with a basic structureconsisting of central cylinder, the stele
surrounded by cortex.

|
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The stele comprises of vascular tissue associated with parenchymtous structures as pencycle,

on the outside amiymedulla if present towards inside. Itis delimited from the cortex by endodermis.

There are different opinions on the mterprctatlon of a stele. Wetmore (1953) and others consider

that the vascular system in the stem i§ foliar (belonging to lcaf) in origin at Jeast in certain ferns,

Wetmore and Wardlaw (1951) regarded the vascular System nll a stem as a compostte struciure

conmstmg of cauline (belonging to stem) and foliar vascular oomponents Esau (1943) expressed the

view that the vascular system of the stem is associated with leaves and even described it as a system -

of inter-connected leaf traces, in gymnosperms and angiosperms. Devclopmcntal studies, involving

the removal of leaves. have suggested that the vascular systcm in pteropsrda is not absolutely
dependent on the presence of leaves, - h

. In the plant-kingdom, vascular system had i 1ts origin in ptendophytes whlch are also called thc
"first vascular plants". Pteridophytes also constitute the prmntwe vascular plants. In course ‘of
evolution the s:mple and primitive vascular system or stele present in pteridophytes has’ undcrgonc :
several progresswe variations leading to the formation of a complcx stele as found in angiosperms.
This progressive variation of stele is known as the evolution of stelé. Evolution of stele is studied from
three aspects: (I) Types of primary xylem (2) Composition of xylcm and phloem and (3) Structure
of the stele, “ .

28.4.1. Types of Primary Xylem .

Three types ofprimary xylem can be reoogmscd basingon the relation betweenthe protoxylcm '
and metaxylem, with reference to their position. The Xylem may dlffcrentxate from the procambium
from the point of origin towards the ceatre of the axis. Xylem s0 formed as a result of centripetal
growth is called centripetal xylem. In this the protoxylem is sxtuatg:d away from the centre of the axis
and the metaxylem is towards the centre of the anw;eh aprimary xylem is called exarch. The xylem
may grow from the point of beginning towar periphery of lhc axis. This results in the formation
of centrifugal xylem having protoxylem towacdsthe centre of thc axis and metaxylem away from it
Such axylem is knowi as endarch. In ceftain cases both centripetal and centrifugal xylem are formed
such that metaxylem occurs aroun rotmm This type of xylem is described as mesarch. Exarch

-condition is more primitive than reh and mesarch is more prlmltwe than endarch. Generally the
axis in lower vascular plants i @rc where asit is cndarch in phanerogams Mesarch is frequent i in
ferns.

28.4.2. Composition of Xylem and Phloem - ,i -

.~ Xylem is a complex tissue intended for the conduction of water and the rineral substances
dissolvedinit. In ptendophytcs and gymnosperms with certain exccptions xylem consists of tracheids
alone.’ In certain others in addition to tracheids there riay bexylem parenchyma. Presence of
tracheids in a xylem is a primitive feature. In advanced plants the fracheids fuse end to end and the

end walls separating the cells are dissolved to form long tubes called vesseéls or tracheae.

|
Vessels are characteristic feature in the xylem of anglospcrms and are genérally absent in

pteridopytes and gymnosperms. However, vessels are found in some species of Selaginella, pteridium
and Gnetum. * ' a.

Phloem is also a complex tissue concerned with the conductxon of food substances, In
pteridophytes and gymnosperms phloem cousists of only sieve cells and this s a primitive character.
Presence of sieve tubes, companion cells and phloem parenchyma in phloem is an advanced
character. Companion cells are absent in ptendophytes and even in gymnospcrms

28.4.3. Structure of the Stele = >

Evolution of stele basing on the structurc of stele in ptendc)phytes is traced from different
sources, A comparative study of the structure of the stele in the present day living genera formed the
main. source. Second is the study of the structure of the stele in fossil forms and it -provided a
comparative study of ancient and modern pteridophytes. Thirdly the study of the devclopmcnt of

|
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stele during the gx

owth of an individual also throws light on the evolution of stele as, ‘ontogény repeats

- phylogeny’. Durir

g evolution, the stele in pteridophytes shows progressive variation from a protostele

to a polycyclic diétyostclc with trasitional stages as siphonostele, solenostele and dictyostele,

Protostele: This is the simplest and pﬁylogcnctica‘ﬂy primitive type of stele. 1t consists of a

central solid cor

of xylem surrounded by a layér of phloem followed by a pericycle.

Jeftrey (18??, 1899) named it as the pfot'ostel_e. All other types of steles have been derived
fiom it'in course éa[‘cvolution. As far as it is known all the pteridophytes start with a protostelic stem

in very young stg
pteridophytes (Fa
Selaginells, Gleic]
vascular sirand w
_cylinder.
-With the if
‘the variations of
actinostele.In ha

ges. It is permanently retained in some adult stems of fossil as well as living
!FsiI.Gcncra : Rhynia and Botryopteris : Some species of living genera : Lycopodium,
henia, and Lygodium). In these forms the leaf trace is simple consisting of a single
hich splits off {rom the protostele. The leal trace leaves no break in the central
\crease in demand for conductions, evolution of stele has taken place resulting in
hrotostele. Brebner (1902) recognises two stages of protostele as haplostele and
vlostele a smooth circular core of xylem is surrounded by an uniform layer of phloem

(Selaginella Kraussiana). In actiribstg:le the xylem expands by developing radiating ribs with
protoxylem located at the extremities. It is surrounded by pholem which is almost not continuous and
is present as masses at the furrows of the xylem eylinder (Lycopodiuni sersatum and aerial stem of.

Psilotunt). The ac

tinostele has further undergone variation where the xylem is divided into separate

plates that are aI]ranged paraltel to each other. Phloem appears as alternating transverse bands.

Zimmermann (1
extreme case of ex
that are disperse
(Fig. 281 A-D).

Protostele

'olution is found in L.cenrurm where the xylem igmuch disected into small islands

0) described such an actinostcle as a pl;::gtele {(Lycopodium volubile}."An
(] b - .
d in the mass of phlocm. Such a pro@e is described as a mixed protostele

are more frequent in lower vascalar planits but they also occur in the stems of

aqualic angiospecms.

Fig 28.1 Stelar evolutions: Illustrations. A. Haplostele. B. Actinostele. C. Plectostele. D. Mixed

protostele,

? Ectophloic siphonostele, F.Amphiphloic siphonostele. G. Ectophloic solenostele.

H. Amphiphloic solenostele. 1. Dictyostele. I. Polycyclic stele. K. Polystete. 1. Leaftrace. 2. Pericyle.

3. Phloem.

4. Xylem. 5. Endodermis. 6. Pith. 7. Outer-endodermis. 8. Outer phtoem 9. Leaf gap.

10. Inner endodermis. 11. Inner pericycle. 12, Inner phloem 13. Quter pericycle. 14. Meristele. 15. Steles.




Siphonestele: In some species of pteridophytes wherc the protostele is large, thirr walled
parenchymatous cells may be associated with the xylem. In G!e:dwma dichotoma the large central
core of xylem is composed of tracheids intermingled with thin walled living paranchymatous cells,
Thus in earlier stages a few parenchymatous cells occnr scattered in the xylem core to form a mixed

pith. Later a central parenchymatous medulla or pith is developed i m the middle of the xylem. The ~
pith is surrounded by a ring of xylem, a ring of phloem and per:cycle' Such a medullated protostele -

where the xylem appears as a hollow cylinder surrounding the pith is described by Jetfrey (1903) as

Siphonostsle. Siphonostele is of two types: ectophloic and amphiphldic (fig 27.1 E,F). In ectophloic .

siphonostele, the xylem cylinder enclosing the pith is surrounded by a cylinder of phloem on the *

outside only with pericycle and endodermis outer to it. In amphlphlolc siphonostele. (some species
of Adiantum, Mamfea) there will be two cylinders of phioem one obter and the other inner to the

xylem cylinder: The outer phloem is surrounded externally by outer pcncyclc and endodermis while -

the inner phloem is surrounded internally by inner pericycle and cndoderrms Siphonosteles’ wuth
internal endodermis are regarded as more primitive than those w1thout it.

The origin of a siphonostele from a protostele is a much dcbated topic and there are two |

theories explaining the origin of pith in the middle of xylem. First one is thc invasion theory proposed

by Jeffrey (1902, 1910 and 1917).

Accordingto thls theory during the course of evolution-the cortcx had invaded over the centre -

of stele through leaf gaps and occupied the ceatre of xylem as a pith. Thus the pith is extrastelar or
cartical in origin. Presence of internal pericycle and endodérmis separating the vascular tissue from

the pith as seen in Phyllogiossum and Marsilea is cirxd/,an evidence in support of this theory. But
d

some species of Selaginella where also the inter ermis occurs, the endodermis is found'to -

be stelar in origin. Thus in Selaginelfa it cannot be reghrded asa cortnclal tissue and be taken in support -

of cortical invasion: Jeffrey (1917) cited thegcl e similarity in structure of cortex and pith in Psilotum
and-Trmesipteris as an evidence of his theor £ However on the basis of the extrastelar origin of pith
the presence of mixed pith cannot xplained. Second one is the: expansion theory favoured by
Boodle (1901), Gwynne-Vaughany(1908) and Bewer 1911. According to this theory, the inner most
xylem tissue is transformed intQ&}:nchyma resulting in the pith or medulla. Presence of isolated

tracheids in the parenchymotous pith near the inner boundary of xylem as seen in the normal stems :

of Botrychium virginianum and scattered tracheids in the parenchymatous pith as found in the stems "

of Osmiinda support this theory. Such a mixed pith is also found in the fossil form$ as
Metaclepsydropsis and others. The partial transformation of the xylé:m tissue might have resulted in
forming a mixed pith, which is regarded as primitive. Due to complete transformation, the mixed pith
might have led to the formation of complete parcnchymatous pith as Hformed in a true siphonostele.
Forms with ‘mixed pith are treated as transitichal forms bctween a true protostc]c and true

siphonostele. Expansiontheory explains thé-intrastelar or intraxylic orlgm of pllh

On the whole it can be staled that the pith in members bt.]ongmg to lycopsida and that of ,

some primitive ferms is intrastelar in origin béyond any doubt and tHat of the higher ferns and other *

pteropslda Is probably extras{elar in ongm (Eames, 1936).

Check Your Progress - 1 : | F

Write briefly about the two theories that explains the origin of pith in the middle of xylem.

Note: (a) Wr-ltc your answer in the space given below. l'
(b) Compare your answer with the one given at the end of this unit.
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Solenostele : n the simplest forms havmg siphonostele leaf gaps are not present and the leaves
are all m:crophyllous But during evolution- megaphyllous leaves are developed in pteropsida,
gymnosperms and angiosperms. With this the leaf traces become more elaborate. Instead of merely
separating off a small branch of the stele of the stem, the lgaf trace in megaphyllous leaves breaks
through the ring of stele leaving a small parenchymatous gap just above the point of its departure.
These parenchymatous gaps formed in the stelar cylinder are known as leaf gaps. Just as leaf gaps,
branch gaps are jalso formed. Formation of leaf gaps and branch gaps constitute breaks in the
continuity of the siphonostele. But the successive leaf gaps in the stele are at a considerable distance
from one anotherland do not overlap each other (Fig. 28.2).

Flg, 282 Solenosdele -

Such a siphonostele Wh.ICh is perforated by scattered ]caf gaps that are not overlapmg each
other is descnbeT:d as a solenostele (Brebner, 1902 and Gwynne Vaughan, 1901). The solenostele
may be ectophloic or amphiphloic (fig. 28.1 G-H) Bower (1935) considers the amphiphloic

siphonostele as 4 solenostele while Eames and Mc Danfels do not distinguish the solenostele from
that of the siphonstele.

- Dictygstele: In many of the siphonostelic pteridophytes where the vertical shoot axis is short,
leaves ariseina cirowed manner. This results in a further complication of the stele where several leaf
gaps overlaps cach other, Due to this the vascular cylinder is much dissected to appear asa cylindrical
mesh work with large leaf gaps (Fig.28.3). A siphonostele with more overlaping leaf gaps is described
as a dictyostele (iBrebner, 1902). Also known as dissected siphonostele, the dictyostele in-transverse

- section appears|las separate vascular strands arranged in the form of a ring (Fig. 28.1). These

vascular strands sepa:ated from cach other by the leaf gaps, are known as mensteles. Each meristele

R R
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is protostele in structure. Dictyostelic condltlon is entirely diffefent from that of the polystelic
condition (Fig 281 K) found in Selagineila, since the [ormation of several vascular . strands in’

Selaginella is not due to the leaf gaps. In certain Ieptosperangxatg, ferns, in additjon to leaf gaps
perforations are formed in the vascular cylinder resulting in the formation of dictyostele. Such a stele
1s known as perforated dictyostele (Stenoclena termifolia).

Fig. 283, Die‘ 1. Leaf gap

- Polycyelic Stele:The ultimate complication of the stelar organisation in pteridophytes consists

* of the development of a number of separateisteles one inside the othier. It is known as pelyclic stele -
(Fig 28 4). Polycyclic steles have two ridivm acquitinune (Fig 28.17) three in Matonia pectinata '
.and even four n Preris podoph )an Pleridium acquilinum the outef cylinder is a dictyostele having : -

several meristeles and the inneris 4 solenostele with two leaf gaps.

Fig28.4 Malonia peclinata: Stages in the formation o?polyqrclic, stele (after Tansley
and Lulham). A.Monostele. B.Two steles. CThree steles.1.2,3', number of steles.

Another modification of the siphonostele is the formation of 4 much advancd type of stele,

the eustele (Brebner,1902). In this, vascular system consists of collateral or bicollateral bundles with .

leaf gaps. Eustele is characteristic of higher plants as gymnosperms and dicotyledons of angiosperms.

Atactostele (Brebrer 1902) is the most complex stele found in monocotyledons, where it consists of

anumber of scattered vascular strands distributed in a conjunctive ground tissue,
~ Stelar theory advocates that protostele is. the most pnmmve and has undergonc scveral

variations leading to the evolution of a dictyostele or a polycyclic :dictyostele. The study of the

G
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anatomy of the sporophytes of living pteridophytes fjas shown the recapit tion of several stages
pronounced by the stelar theory. In Matonia pectinata.the stem of a sporchnuglhns as a protostele,

passes through a bl,llcf solenostelic phase, later to a monocyclic stele and finally to a polyclic
dictyostele. This is an important example, illustrating the evolution of a stele as enunciated by the
stelar theory. :

28.5. SUMMARY

Pteridophytesiare not only the first vascular plants but also form the vascular cryptogams, They
have a distinet vascular system responsible for conduction of food and water and also mechanical
support. Origin of viscular system is explained by phytonic and stelar theories. Stelar theory holds

| . . . s .
stele as a fundamental unit of a vascular system. Evolution of stele is traced by the progressive

variation of primaryjxylem, composition of xylem and phloem and variation in the structure of the
stele. Progressive va 1at10n of primary xylemris traced from exarch to mesarch and finally to endarch
type. Progressive transformation of tracheids to tracheac in xylem and transformation of sieve cells
to sieve tubes and p!!csencc of phloem. parenchyma and companion cells account for evolution of
stele.

Progressive variation of haplostele to actionostele, plectostele and mixed protostele accounts
for evolution of protostele. Appearance of medulla in the middle of protostele as explained by
invasion theory or expansion theory leads to the formation of a siphonostele. From siphonastele,
solenostele and dictyostele are evolved due to the presence of leaf gaps that are not overlapping in
the former and overiapplng in the latter. Formation of polyc clz:{d‘oﬁrostcle is a further step in the
evohition of stelar sylﬁtcm A modification of siphonostele led to the formation of custele as found in
gymnosperms and dicotyledons and atactostele as foun%nk Dcotyledons

28.6. CHECK YOUR PROGRESS: M@EL ANSWERS

1. Tliere are two theories that explams the (ﬁvg.of pith in the middle of xylci'n. They are the invasion
theory proposed 'lby Jeffrey and expansion theory proposed by Boodle Gwynne-Vaughan and
Bower, According to the invasion theory the cortex has invaded and occupied the. centre of the

stele through leaf gaps. Thus the pith is extrastelar or cortical in origin. The expansion theory _

states that the inner most xylem tissue is transformed into parcnch)vmatous tissue resultmg in the
formation of plth] Thus the pith is intrastelar or intraxylic in origin.

28.7. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each.

1. Wirite an essay on the evolution of stele in plants,
2. Trace the evolution of stele in pteridophytes.

. IL Answer the following questions in about 10 lies each. ~ * ©

What is a protostele? Describe it with the help of a diagram.
" Describe siphonstele with the help of a diagram.
Describe dictyostele with the help of a diagram. |
Give an acomlslnt‘of the invasion theory.
*Write about the origin of medulla in siphonostele.

LU T S
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UNIT - 26 : HETEROSPORY AND SEED HABIT

Contents ~

29.1. Objectives : )
29.2. Introduction - ' i : )
29.3.  Origin of Heterospory , .

294, Manifestations of Heterospory

29.5. Summary . - -
29.6. Check Your Progress : Model Answers
29.7. Model Examination Questions. °

29.1, OBJECTIVES ' v ‘

After going through the unit you will be able to: : P c o gt

1. define and differentiate heterospory and homospory and con'{?mcnl; upon the seed habit-of ‘an-
giosperms, ' ' - o he

2. describe the origin of heterospory and - . o

3. describe how the heterospory led to the formalioqf seed habit. | ' ‘ :

|
I
a h

29.2. ANTRODUCTION ' (/"\} ~ SR '

Ptertdophytes are mostly homos%b\u where the sporoﬁhytes produce only one Kind of |
spofes that are all alike. The spor: germination produce gan'_i"ctophytes which are monoecious -
bearing both male and female rep%tive organs. But in few gf,:nera as Selaginella and Marsilea,
the sporangia are of two kin@c microsporarigia and megasporangia (macro sporangia) which
produce the smaller microsporeg/and larger megaspores {macrospores) respectively.

The phenomenon of production of two kinds of dissimilar spores in the same species is known

“as heterospory. Among the modern living pteridophytes heterospory occurs in 8 genera as:

Selaginella, Isoetes (ligulate lvcopods)  Stylites, Marsilea, Pilularia, Regnellidium, Salvinia and
Azolla. It is also observed in fossil genera as Lepidocarpon, Miadesmia, Mazocarpon, Calamites etc.
where heterospory had developed so much that they a;'e called pseudospermatophytes, Yet they are
not the. seed plants. Heterospory developed independéntly on distinct phyletic lines as in locopsida,.

sphenopsida and pteropsida.. - . ¥ - ' -

!
1

Next to-the importance of the development of vascular system in pteridophytes is the
phenomenon of heterosporywhich is considered as a prerequisite t0 the seed habit in spermatophyta.
Angiosperms which are one of the two groups of the spermatophyta dominate the present day

* | vegetation and their success is dire to their seed habit. The origin of seed habit is traced to heterospory,

29.3, ORIGIN OF HETERGSPORY N

Palaeobotanisal, experimental and developmental evidences suggested that the heterospory

is developed due to the disintegration of a.certain number of spores ifi the spordngium. As a resul

of the disintegration of a certain number of spores the r-emairiiring spores that survived in the
sporangium have better nutritional facilities and naturally grow into specialised spores. On the basis
of evidence obtained from fossil Equisetales Scott (1923) stated that the disintegration of a certain

. ’ i ) i
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number of sporesi nime sporangia has rendered possible the excessive developmcnt of the surviving
spores at the expense of the other and this might have led to the formation of megaspores. Scott

(1901) reported thal! 3 megaspores out of each tetrad in Lepidocarpon had aborted and only one

matured: Similarly in Lepidostrobus braidwoodensis, Amold (1938) recorded one mature megaspore :

and several aborted spores in a megasporangium.

Expcnmcnta} evidences have shown that the nutritional factor is responsible for the orgin of
hetcrospory Selagmfﬂa plants grown under feeble light have produced the strobili containing only
‘the microsporangia because of the retarded rate of photosynthesis (Goebel). Similarly in Marsilea,
. the effect of ‘nutrition was investigated by Shattuck (1910). The temperature was lowered by
- sprinkling cold watef spary on Marsilea plant and was found that all the megaspores and a large

" number of q_ncrospolrles present in the sporocarps were killed. When the same plang was grown under

favourable conditions it was found that in those sporocarps where all the megaspores and a large,

number of microspa res were killed: the remaining microspores showed an‘increase in size upto 16

times the normal. In!:rease in size was obwously due to an increased supply of food materials. The
largest of the spores have reached the size of a mcgaspore They even attained somé similar strudtural
features. :

In homosporous forms the sex determnants exert their influence on the gamctophytes durmg
the formation of scx? organs. But in the case of the heterosporous forms the sex determinants exert
their influence on the spore mother cells. Influence of the sex determinants is shifted from the

" - gametophyte to the sporophyte. It is a small shift but a significant one since it has resulted in the orgin

of heterospory in the vascular cryptogams, Either in Selaginella, Isoetes or Marsilea all the spore
mother cells in a Lmicrosporangium undergo meiosis to form, microspores where as in a
megasporangium allbut one spore mother cell die, The surviving spg;;/énother cellundergoes meiosis
to form 4 megasporés of whiclr only one matures. :

Check Your Progreﬁs -1&2 - J

1. Name the living heterosporous ptcndophytes Y\?“
2, What was the wriw of scott about the formati @c‘gaspbrés?
. Note: (a) Writeyour answer in the space _éwen clow.

®) Compglrc your answer with the.gng given at the end of this unit.

...............................................................................................
-------------------------------------------------------------------------------------------

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

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

29.4. MANIFESTATIONS OF HETEROSPORY

Heterospory, is marked by the formation of _spoi'cs of two.different sizés, the smaller

mictospores and laill‘ger megaspores. In micropsoranginm the number of microspores produced-is
many if not numerous where as in a mégasporangium limited number of megaspores are produced:

The usual number of megaspores is either 4 or 1. In Selaginella apus 8 megaspores are formed where -
asin §. rupestris, and $. monospora only one megaspore is formed. But commonly in Seiagmeﬂa. 4-

megaspores are formed of which only one matures. In Marsilea only one mature megaspore is formcd
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The differentiation in the size of the spores is related to the distinction of sex of the
gametophytes. On- germination the “small microspores ‘produce the male gametophytes
(microgametophytes) and the megaspores into female gametophytes (megagametophytes). The
male gametophytes bear antheridia, the male sex organs and the female gametophytes bear
archegonia, the female sex organs. Thus heterospory has brought in unisexuality of the gametophytes
. and the sexuality is controlled by the preceding diploid generation.

Heterospory has resulted in the reduction of the haploid or gametophytic phase which instead
of being independent derives its food material form the parental/diploid phase. The gametophytes
are so reduced to accommodate themselves in spores. The male gametophyte is more reduced than
the female gametophyte. The vagetative body of the male gam;et_ophyte is restricted to a single
prothallial cell. The female gametophyte is comparatively larger with several vegatative cells
containing large food reserve that will be of help to nourish the embryo formed after fertilisation.’

Another effect of heterospory is the retention of the nie:.igaspore within the tissués of the
sporophyte until after fertilisation. In Selaginella the megaspore is not liberated immediately but is
retained within the megasporangium where it develops intoa femal_v:: gametophyte bearing archegonia
at maturity. The entire female gametophyte is formed within the, spore wall, The gametophytes of
algae, bryophytes and even of certain pteridophytes are ind:tf:.pendent. But in heterosporous
pteridophytes the female gametophyte is dependent on thejsporophyte. In Selaginella, the
development of the female gemetophyte depends not upon the food stored in the megaspore bit

_upon the nutritive material supplied through' the tapetum of the sporangium. Thus the female
* gametophyte is dependent on the sporophyte formshment and is a parasite on the sporophyte.
‘This is quite contrary to the trend found in all ¢ embers °f| archegoniatae where the young
developing sporophyte is parasitic on the gafetophyte that is independent. In Selaginella apus and
S. rupestris the megaspore is retained within the/negasporangium where fertilisation takes placzin
situ which is a step.nearer to the seed ha%;h S. rupestris and S. apoda, the megaspores are not shed
from the megasporangium even aftés fertilisation, The megasporophyll bearing the sporanginm is
still attached to the strobilus and th§ide’the megasporangium the megaspore is still retained il the
formation of an embryo w%t‘ylcdons, stem, rhizophore and foot. The germination of the
sporgphyte almost occurs whilg/within the sporangium:that is a&ached to the parent plant. This
demonstrateés the phenomenon, Vivipary, where the seed germinates within the fruit while it is
attached to the parent plant. In S. apoda the gametophytic generation is telescoped between tweo
sporophytic generations and the young sporophyte {embryo) is nourished by the previous sporophytic
generation until the young one becomes independent. This is in essence-a seed. However, in
Selaginella the development does not proceed further to form a seed as in spermatophyta. The seed
coat found around the seed of a spermatophyte is absent in Selaginella because the megasporangium
lacks the integument or integuments. :| '
Selaginella has offered several illustrations relating to the I_origin and evolution of the seed
habit. Atter attaining so much it is not a long step from the condition existing in S.apoda to the seed
“habit in primitive spermatophytes. In Lyginopteris, a fossil pteridosperm (seed bearing pteridophyte)
the megasporangium had two protective. covers surrounding it. The inner cover encloses all the
sporangium except at the apex and is described as an integument . Such a sporangium with an
integument is an ovule. During the permian period which followed the carboniferous period further
changés might have probably occured in the reproduction mechanjsi that have adopted the plants
for fertilisation without external water and for siphonogamy. Cycads and Ginkgo, have been surviving
from the permian period almost unchanged. They illustrate the niocfc of reproduction in those times.
The sporangia are borne in:dense cones which are distinguished as'|_malé and female strobili,
~ The megasporanginm (ovule) is provided with a protective in?teguﬂ:em, with an opening at the
apex for the entrance of microspores. The megaspore formed aftc:ij meiosis develops into a female



gametophyte that jpears two archegonia. The female gametophyte is formed entirely within the
megaspore. Microspores after their liberation from the microsporangia are dispersed by wind and
are caught in the fetilisation drop that is secreted at the tip of the megasporangium. As the fetilisation
drop drysup, the nTl'i(xosporcs are sucked into the megasporangium. After getting in, the microspores
germinates to produce a pollen tube that grows intv the wall of the megasporangium and absorbs
food materials. In the mean while the opening of the integument closes. Spermatozoids released into
the closed chambelf swim to the archegonia in a liquid produced by the microspores themselves. One
of the spermatozoids released fertilises the egg in situ. After fertilisation the cospore develops nto
the embryo that betomes dormant. The integument surrounding the megasporangium becomes hard
and woody. Such { structure consisting of a diploid plant (embryo) surrounded by the remains of
female gametophyte (endosperm) and an integument is the seed in a gymnosperm. In the case of
conifers, the polien tube germinated from the microspore moves towards the archegonia.

Spermatozoids trdvel through the pollen tube and are carried down to the archegonium. This method '
by which the spermatozoids are transported by means of pollen tube is a surer method for the -

spermatozoids to reach the egg and'is known as siphionogamy. The adoption to siphonogamy which
is found in the flowering plants is the important final step towards the seed habit. In cycads, Ginkgo,
conifers and oth¢r flowering plants the megaspore is not an isolated and free structure but is
histologically united with the megasporangium. :

After a consideration of the above account it can be concluded that Se!aginelfa and Marsilea
which have made Several steps advancing towards the formation of the seed habit could not proceed
further to form a seed because of:

1) The absence of a protective structuré like an integument § ding the rtegasporangium.

2) The retention of the megaspore within the me; rangium has not been established
permanently. Ly

3) The absence of a histological union betwe megaspore and megasporanginm.

: 4) The absence of a dormant period for mbryo.

Selaginella, and Marsilea are not adopted for siphonogamy and are dependent on extergal
water for fertilisation which is a primitive step in the direction of the seed forming habit. It ¢an be
finally concluded that heterospory leads to the seed habit.

Check Your Progress -3
l
Define vivipary ?
Note: (a) Write your answer in the space given below.
(b) Compare your answer with the one given at the end of this unit.
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" 29.5. SUMMARY o
! . "
The term heterospory means formation of two types of spores’las microspores and megaspores.
This unit explains the phenotienon of transformation of homospory to keterospory and formation -
of a seed. Palacobotanical evidences indicate that the primitive land plants are homosporous,
Heterospory developed due to physiotogical changes and disintegration of certain number of spores
while the remafning grow into specialised megaspores producing female gametophyte, Further
evolution took place in the retention of the megaspore in the megasporangium till the development
of the gametophyte bearing archegonia and even in certain pteridophytes till fertilisation or formation .
of the-embryo with cotyledons, stem, rhizophore and foot which is & very close step in the formation

" of seed. .

kY

29.6. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The modern living pteridophytes that are reported to have heté;,}ospory are Selaginella, Isoetes, -
Stylites Marsilea Pillularia, Salvinia and 4zolla. ' " : -

2, Scott has felt that the ‘i-niégas;')ores are formed due to the disintegration of some spores in some |
sporangia. This bas résulted in the growing of the remaining spores into bigger megaspores at the -
expense of the disintegrated spores. o ' ‘ . '

- - |i :

3. Some sceds germinate within the fruit even wh@c fruit is attached to parent plant. This ‘

phenomenon is called vivipary. . (\) L

29.7. MODEL EXAMINATIONQUESTIONS. '
j > T ] " - :

I. Answer th;a following question in%);t 30 !ineé.

1. What is heterospory ? Stafe how the phenomefion has led to ti%c seed habit in spermatophyta,
IL. Answer the following questions in about 10 lines each. i :

1. Write briefly about the origin of heterospory. :
2. ’Inspite of heterospory, seeds are not formed in Marsilea". — :';Discuss.



UNIT — 3¢ : FOSSIL PTERIDOPHYTES

(RHYNIA AND LEPIDODENDRON)

Contents
30.1. Objectives

30.2. Introdnctios

30.3. Rhynia

303.1. Habitat o
3032. Habit |
3033. External form

3034. Anatolny -
30.35. Reproduction .

304, Lepidodendfon

304.1. Habitat
304.2. Habit
304.3. External form
30.4.4. Anatolrlny
304.5. Repro Tuction

30.5. Summary
30.6. Check Your{Progress : Model Answers :
30.7. Model Examination Questions ‘ 0
308. Glossary . . ‘
309. Reference : Q
/. . : ‘i‘?k
30.Y. OBJECTIVES ‘ o
— < . )
‘After going through this unit you will be a@}: o ’

" 1. command upon! the habitats and habits of Riryrie and Lepidodendmn,-
2. describe the external and internal structure of Ritynia and Lepidodendron and

3. describe the as

xual reproduction of Riynia and Lepidodendron.

30.2. INTROBDUCTION

‘Class Psilo]
Silurian-Devonian

phytepsida includes primitive vascular cryptogams and is represented solely by
\fossil remains. These fossil remains are mostly fragmentary and incomplete so

that much of the détails are still unknown. In all these fossils, gametophyte has never been discovered.

" This group of planI
{1858) from gaspe
Scotland, German;

ll:s came to light with the discovery of psilophyton princeps by Sir William Dawson

Sandstone. Subsequently it was recorded in many countries such-as United States,

7, Norway and Belgium. This discovery was not taken seriously and was received

with little favour By botanists. The discovery.of Rhynia, Homia, and Asteroxylon from the Ryhnie

" chert bedsin S:,c'tlI

it the most nnportant fossil plant in the order Psilophytales. Psilophytales occured between the -

middie silurian (a
But they were mog

Psilophytopsida n;

and in 1913 not only brought back Dawson’s Psilophyton into lime light but made

out 340 million years back) and upper Devonian (dbout 255 million years back).
commnion during lower and middle Devonian periods. Classnﬂcatlon of the class
Ey not be complete and final at this stage since it is prone to future discoveries.

However it consists of an order Psxlophytales which is divided into 9 families mcludmg 20 gencra
(Krauscl and Hirmer). :
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30.3. RHYNIA . - :

El i

- * Rhynia earned its name after the locality Rhynie in Aberdeesshire district of Scotland. It was }
described in detail by Kidston and Lang in 1917, Uptodate 3species 1arf:. known of which Rhyniamajor *
and R. gwynne — vaughani are the better known species. It belongs to the class psﬂophytopsnda, order
psilophytales and family Rhyniceae. P

30.3.,1. Habitat

There is evidence that plants of the genus Rhynia were growing in swampy marshes near!
volcanoes, where the atmosphere surrounding them was full of sulphurous vapours. The soil in which
they grew was peaty and was saturated with acid water from hot springs. Both the species of Riygia™
were discovered from the Old Red Sandstone Beds (middle Devonian) of the Rhynie locality whe:
it was probable that the silica containing water was overflowing. Fossils of Rhynia were formed by
the infilling of the cell cavities of the dead plants by the permiation of the mineral matter dissolved
in the water. This process is termed as pel‘lnlnerahsatlon (pe1r1fact10n) In Rhynia all the plant parts”
were silicified. The petrified remains of the plants are recovered nowadays as fossils, On the basis of
the sections obtained from such rocks, the form and structure’ of both the species has been
reconstructed and established.

30.3.2. Habit

In both the species the plants were herbacedus. R major was a larger species with the aerial
stems measuring 50 ¢m. in height and 1.5 - 6 mprin diameter. The other species R, gwynie—vaughani
was comparatively smaller and slender where rial stems reac]ied a height of only 20 cm. and a
diameter of 1-3 mm (Fig.30.1). i
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Fig 30.1. Rhynic: Habit. A. Rhynic major B. Rhynia guynne-vaughani. 1 ...erial stem.
2 .Adventitious branch. 3. Hemispherical protuberance. 4. Rhizoid. 5. Rhizome. 6. Sporangium.
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30.3.3. ExternaliForm- : .

In both the spegies the known plants were only sporophytes which were rootless and consisted
of a branched axis. The axis was differentiated into a prostrate, dichotomously branched rhizome
and erect di'chotomclmsly branched aerial stems. The rhizome was burried under the peaty mass-
fornfed by the dead temains of other plants of the same kind. On the underside of the rhizome small
tufts of rhizoids were!rprcscnt as patches at some places and roots were completelyabsent. The aerial
stem whs only a continuation of the rhizomatous axis which turned upwards either gradually or
abrupily. Aérial stenis were cylindrical, unbranched or sparsely dichotomously branched. They were

naked and leafless, In R. gwynne—vaughani small -parenchymatous, hemispherical or oval

protuberances were seen more towards the bottom (mature) of the aerial stem. They were developed
" by the prolifcration|0f the cortical cells situated below certain stomata. They developed vascular
strands independentiof the stele of the stem. Some times they developed into adventitious branches.
Aerial stems were tapering gradually towards their apices and either ended as vegetative apices or
bore terminal solitalPr sporangia. - '

30.3.4. Anatomy

Rhynia was ajprimitive vascular plant. The stele was a simple protostete with a central core of
xylem surrounded v a layer of phloem. Lack of sharp differentiation of protoxylem and metaxlem
was anoth€r primitive character. : : -0

Anatomy offrhizome and an aerial stem was essentially same in both the species. The
cross-section of an [aerial stem was circular in outline and was differentiated into there regions as
epidermis, cortex, and stele. Epidermis with a single layer of closely arranged cells was distinct. Quter
walls of the epidermis were thick and were covered by a cuticle. Typical stomata were distributed at
intervals. In rhizones stomata were absent. Cortex which was_m the epidermis was wide and
extensive. It was many times larger than the centrally lo téB, stele and was differentiated into a
distinct hypodermis and inner cortex. Such differentiation wasdéss in thizome. Hypodermis consisted
of 1-4 layers of cellsithat are large, thin walled, parench! us and angular without any intercellular
spaces. Below each stomata the contiruity of th€Shypodermis was broken leaving a sub-stomatel
space. The inner cortex was several layered cons ing'of rounded cells with intercellular spaces that
had communicatiof with the sub-stomatal present in hyprodermis. '

The inner cortex was most probably'the photosynthetic tissue.- Endodermis and pericycle
separating the cort:ex from the stele were absent. Stele was a haplostelic protostele. There was a small
central cylinder of{xylem surrounded by phloem. Xylem consisted of only tracheids which showed

. either annular or spiral thidkenings. Sometimes the tracheids at the centre were smaller in diameter
than the periphcrél tracheids which is suggestive of the endarch nature of xylem. In rhizomes the
xylem consisted offfewer tracheids. Phloem that surrounded the xylem had 3-4 layers of thin walled
cells with oblique end walls but sieve plates have not been observed (Fiz.30.2.) -

Flg. 302 Rhynia: transverse section of aerialstem. 1Cuticle 2. Epidermis
3. Hypodermis 4. Inner cortex 5: Subsiomatal space 6. Xylem. 7. Phloem.

[}
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) Fig 30.4. Lepidodendron (Aftel Ditlon, Hirmer and Dahlgren) A Reconstruction of a
" tree. B. Lepidoendron obovatum: surface of trunk. 1. Serobili. '2 Trunk. 3. Stignarian
syslem 4.Ligule scay: 5. Upper panclmos,ﬁ Lower Panclmos 7. Leafbase 8. Bundle scar.

3043 External Formi Vo i:

Sporophyte of Lepidodendron was dlstmgulshcd into stem, rllnzophorcs roots and leaves. Main
stem that formed the trunk was unbranched but at the top it was repeatedly and dichotomously
branched that formed a spreading crown. The ultimate shorter branches bore the leaves in spiral
phyllotaxy. The leaves were simple, ligulate and needle-like or linear. They measured 1-80 ¢cm in
length, Each leaf consisted of a single unbranched vein that cxtended all along its length. Leaves were
born¢ on leaf bases that were cushion fike and pyramidal with rhomb01dal outline, Leaves were
probably deciduous. Even after the fall-off of the leaves, the leaf bases were pérsistent on the trunks.
The shape and arrangement of the leaf bases varied with speacs and also with genera. In -
Lepidodendron the rhomboids were arranged on oblique rows and the vertical diagonal of each
rhombous was larger than the transverse diagonal. The leaf scar was above the midline of cach
rhombus. In the leaf scar the centrally located bundle scar was surrounded by two scars, one on either
side and two more large scars slightly below. All the four scars are known as Parichnos scars wh.lch :

. extended as channels all atong the length of the veinin a parallel maneer.
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They consisted of thin walled loose tissues and probably served the purpose of acration. At
the base, the tree thunk was dichotomously branched into four massive rhizophores measuring about
80cmin diameter.h’l-‘hc rhizophores were again divided dichotomously within few feet away from the
trunk, Likewise rhizophores were branched dichotomously several times and the ultimate branches
bore the adventitious roots on their surface. Both the rhizophores and roots were monostelic. The
branched system of the trunk at the base is known as Stigmartam system- since Stigmaria is a form
genus of the trl_lnllc! bases of Lepidodendron (Fig. 30.5). They are found as stump casts or silicified

fossils. Some refe
root-lets.

v

f the rhizophores as ‘stigmarian roots’ and the adventitious roots as ‘stigmarian

——
Fig 30.3. Lepidodendron: S%ast _if Stigaria. 1. Base of truak 2. Rhizophores.

Check Your Progress -2

What is stigmarian system ? How does the name come ?

Note: (a) le ite your answer in the space given below. -
(b). Compare your answer with the one given at the end of this unit.

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

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

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

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

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

30.4.4. Anatomy

Trans

section of the stem shows a protestele with an exarch xylem and also the secondary

tissues. At the pleri.phery, the outermost layer is a hard Periderm that was derived from pohellogen

-developed in the

outer cortex. This was the main supporting issue of the trunk and was formed early

!
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o thie life of the plénit. Outcr to the periderm the surfacc of the trun
leaf bases or leafcushions. Cortex present inner to the periderm is 14

The massive outer cortex was also another supportmg tissue

< was covered by the perjlstent
rge thh three zones.

_ consisting of alternating radial
patches of thin and thick walled cells or of uniform-thick walled cells3The middle cortex that is inner

. to the outer cortex is large with thin walled and more delicate cells. Often they were destroycd and
.the space was filled up with cast mincral. The inner cortex is sn{all with' parenchynatious célls

surrounded by a secretory zone. Leaf traces are seenvin the middle amd inner cortex. Stele,is much-
smaller and slender. Xylem is exarch in having metaxylem at the centre and several proroxylem points

at the periphery. Xylem is surrounded by phloem which inturn is smrounded by cambinm around
which the secondary xylem was formed. Both the secondary and pnmary xylem shows scalariform

and spiral tracheids. Secondary growth is not observed in the species L. rhodemens. In the species

L.vasculare the stele is a mphonostcle and shows the medulla mtuatgd in the middle of xylem. The
mechanical support for the erect stem was dcnved form cortex and periderm but not from stele.

'thc whole group (F ig. 30:6) .

7. Sceretary zone. 8. Protoxylem 2. Metagylem. 10. cambmrr

The leaves wese simple, microphyllous and figulate. Stomat

I
i

- - Fig. 3{].6.Lep£dode:'tdrbn salaginoides: Transversé section of s“tem'(af'ter Willian‘ison)
1. Leaf base. 2. Pexiderm. 3.Outer cortex: 4. Middle cortex. 5. Inner cortex. 6. Leaf trace.

11, Secondary xylem.”.

. Probably this might not have withstood the stra.m durmg evolution a1!1d has caused the extinction of

2 were prcscnt in l:he lower
‘¢pidermis and were arranged along two longltudmal patc.hcs, one on elther side of the vem. In some



speciés hypodernis is present inner to the epidermis. The mesophyll is s{;on_gy in which there are
four longitudinal bands of parichnos. A single prominent vascular bundle is present in the vein.

30.4.5. Reproduction
The sporophlytc was heterosporoys and réproduccc‘f‘ asexually by mcggsporés and microspores,
Numerous strobili belonging to the famiuly Lepidedendraceae have been discovered from the

carboniferous beds and are placed in the form genus Lepidostroboides. The strobili were 2-30 ¢cm in
lengthand 1-7cm In breadth and were club shaped in outline. On the axis the sporophylls are arranged

- on cithér side. The sporongia are elliptical, much larger and are sitvated between the ligule and -

sporophyll base oun the adaxial side. Sporangia almost appear as peltate with théir upper terminal
lobes touching the sporophylls above. The size of the microsporangia and megasporangia is same,
Microsporangium consists of large number of small microspores where as the megasporangium
contains fewer number of megaspores that are lager in size. Some sppraﬁgia are incompletely
separate but the si:pta differ from the trabeculae found in the sporangia of Isoetes. The megaspores
are included in the form genus Triletes (Fig. 30.7). ‘

Fig. 3[].7.Le,?ia‘odendron : Strobiliand gametophyte, A. A clay module fossil of Lepidostmbus.vaﬁa bilis -

(After Stop'les). B.Longatudinal section of a part of strobilus, C. Female gametophyte. D. Archegonium,

-1 Strobillus. 2. Microsporophyll. 3. Microspore. 4. Ligule. 5. Megaspore 6. Megasporophyil.
Gametophyte - -

While stil remaining within the megasporangium, megaspores have shown the gametophytic
development. The remnant of the female gametophyte bears a similarity with the female gametophyte
of Selaginella. 'Bt%si_des. the above information no other fossil evidence is available regarding the,
gametophytes (ﬁ%. 30.7). : ' ' -

30.5. SUMMARY N o

! - - ; - - g - = T
- The fossil il;;teridophytc Rhynia was discovered by kidston /El Lang in 1917, The plants bear
aerial stems. The E.:'stgle is a simple protostele. In Rhyntia only the spoorophytic generation is known,
Rhynia is homosporous. . . ’ . .

—

273



274
/

-

1 Answer the following questions in about 30 lines each.

Lepidodendron was a predominant plant of the carboélfcroux; period. Sporophyte is ’
distinguished into stem, rizophores, roots and leaves. The sporophyte is heterosporous. Fossil

evidence of gametophyti¢ generation is scanty. . u

30.6. CHECK YOUR PROGRESS: MODEL AN SWE:,RS

1. Rhynia reproduced vegetatively by hemispherical protuberances or adventitious branches. When

they were detached they served as propagules. .

2. The system of branching of the trunk of Lepidodendron is called stigmarian system. Since the
name of the trunk bases of Lepidodendron is called stlgmana the system of branching is named
as stigmarian system. -

_30.7. MODEL EXAMINATION QUESTIONS !

1. Give an account of Rhynia.

2. Describe the external form and anatomy of Lepidodendron.
II. Answer the following questions in about 10 Iine%n

surfaces. 3

1. Write about the gametophyte in Rhyni
2. Write briefly about the aséxual rep{?gcuon in Rhynia.” ¢ ‘
3. Write briefly about the internabgstrugture of Rhizome or stem of Rhynia.
4. Write a brief account of the éfernal form of Rhynia.
I -
5. Write briefly about the nal form of Lepidodendron. | _
6. Give an account of the transverse section of the stem of Lep:jia'odendror_: selaginoides.
7. Write briefly about the asexual reproduction in Lépidodendron.
. 30080 GLOSSARY : ' ' ‘ h
Adaxial face The side of the leaf towards the axis (ventral upperside).
" Analogous organ Organ having different origin but with sumiar form and
function.
‘Androgonial cell Androcyte mother cell. Androcytcs form th__e spermatozoids,
Anticlinal Perpendicular to surface. _ i
Archesporium The first generation of cells from which spores are formed.
Casparian strips The lignified and subensed band-like thrckcnmgs present
" along the radial walls of endodermal cells. .
Diploid Nuclei with double the number of chromoébmes (two sets of
. chromosomes). : i
Dorsiventral Horizontal structure shomng distinct dorsal and ventral
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Exarch
Exodermis

Fossil
Homophyllous

Humus

Hygroscopic
Leaf gap

Leaf trace

Ligulate

Lignle

. Lysigenous

Megaphyllous
Mesarch

Metamorphosis
Monarch
Monopodial

Mycorrhizai -
assoctation

Nyctinastic . ..

movement
Ontogeny
Opercalar cell
Parthenogeiiesis
Phylogeny
Primordiim
Protandions

* . Prothalliis

Gairieioﬁiiyte in ﬁtéi'idopliy'tes',

Xylem ha\}ing metaxyleni towards centre and protoxylem
towards periphery.-

The sub-epidermal cortical laycrs of a root that are thick
walled, suberised and protective in function,

Remains or evidences of an organism of the prehistoric ages. .o

Presence of only one kind of leaves.

- Decomposed organic miatter (mostly plant remains) found as

darkcoloured, homogeneous, amorphous, colourless,
complex, colloidal substance.

Cells, tissuies, plant organs of plants that are sensitive to
thoisture.

A gap formicd dist to 4 break in the contimiity of mphonostele
dué to the departure of a leaf trace.

Vascular strand extending fron the stele of the stem tothe leaf
base through the cortex (connects the vasciilar system of stem
and leaf).

Leaf bearing ligule.

Membranous outgrowth formed at the leaf base on the adaxial
surface as seen in Selaginella and Isoetes,
Applied o a cavity’ formed by
dissolution of cells.

Having large lcaves with the fo;-\n?ation of eaf gaps in the stem.

Xylem where the prot neither to the centre not to the
periphery but gets mixed Bp with the metaxylein,

The transformatiof mode of life with radical changesin
form and structure.

Root having xylem with ore protoxylcm group only.

isintégration and

With ofily ofie branch formed at each place:

Symibiotic dssociatibii between a furigus abd a sub-terranean.
orgaii of ancther plant.

»  Eight indicedimovement of 2 plantpartwhere the direction of- - B SO

stimulus is independent, -

Thie entire couise of development of aii individual orgatism
dunng successive growth stages. '

Lid cell lhat shps out 6f thié wall layer- leavirig afi aperture ora
passage for the liberation of thie contents: -

Developieiit of an énibiyd from dn uiifertilised epg. |
Evtjiuiibﬁ&iry history of  species or a groiip at large.

An initiatisiy tissue. _ _ _ ‘
Gainetoplijite hating diithiotidia formed eatliér to archegonia,
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'Rhizome * & HorizZontal, under-ground storage steinf: t

Sporophyll: . : Fertile leaf bearmg a sporangium or sporangla '
Stomium _ .+ Arowofthinwalled cells along wlnch the sp01 angium dehisces
.~ toliberate spores.
- Strobilus - .t Asemual reproductive structure - formed by compact‘
. - aggregation of sporophylls ona central ads,
Stump cast : Of fossilisation : Entire plant part deposltcd inasoft sed:ment

- rots leaving"a hollow space into which certain rock forming

- material (Fe,,) gets filled and solrdf,f' ed tc- form a cast. Cast K
does not contain any plant material,

. I
Tapetum : La)rer of cells serving the nutntlon of the*sporogcnous cells } i
a young sporangivin, . I‘ } a
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Dr. B R.AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE

- BOTANY
Course-1 Lower Plants

B.Sc., II Year

MODEL EXAMINATION PAPER

Time : 3 Hours . 'Mnx. Marks : 75 .

9.

3 Section - A

y Answer any three of the following questions.
g Each question carries 15 marks.
Answer the following in about 30 lines each.

Write an account of the economic importance of algae.

Discuss in deiail the life-cycle of wheat rust fungus with @lp of diagrams.

Comment cri;.tically on different modes of sexual re @a ction in Bacteria. S

Discuss in. dcltall the theories on the cvoiuuqn c:%‘porophytc in Bryophyta.

Describe thc mternal structure of the stel n}qopodiun: illustrating different types of steles.

What is hetcr,_lospory ? State how th nomenon has led to the seed habit in spermatophyta. ‘
.| Section ~ B

Answer any five questions.

i Each question carries 6 marks.

h Answer the following in about 10 lines cach.
|

What are the heterocysts 7 How do they differ from the vegctdtwc cells 7 Add a note on their

functions,

8:2

What is an auxxllary cell ? Discuss its role in the life-history of Polysiphonia.

Wr:te bneﬂy abour. the role of fungi in industry.

10. Write about ;hc eccnomic importance of lichenes.

11. Describe thcj.'differcnt types of symptoms caused by viruses on plants.

12. Write about :Il;hc structure of capsule in Funaria.

i -
13. Describe briefly the life cycle of a Bryophyte.

14. Write brieﬂyi !about the gametophyte in Riynia.

15. Write about the megasporanginm in Marsilea.

16. Describe thc spores of Eqwsemm :

‘.l
o
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B.R. AMBEDKAR OPEN UNIVERSITY,
FACULTY OF SCIENCE

BOTANY
Course—I Lower Plants

B.Sc., H Year
ASSIGNMENT - 1

Time : 2 Hours ~

Note :

1

2.  Asfaras
3

4,

5.

6.

Do siot cpy the answer directly from any of the books.

possible, try to answer the questlons independently in your own words

If it is necessary to quote from any source, give the correct reference.

Use your gwh foolscap pages for writing the assignment. )
Leave sufﬁment margin for the comments of the evaluators. -
Cémpletion of this assignment normally should not take more than two hour’s time,

ol

. -~ Y
Answer thelfollowing questions in about 30 lines each. 0 SN }

1. Describe the sexual reproduction in Nannandr@edogoufum
2. Give anfaccount of the vegetative morpholegpand life-cycle of Polysiphonia.

3. Explainfthe dilferent types of sexud‘l@r ction met within algae.

i1. Answer thelfollowing questions m@) 10 lines each,

4. What a
5. Write

this group. ‘ ~

¢ the criteria employed in the classification of Algae.

h account of the economic importance of cyanophycede and discuss the aff nities of

6. Give an account of the industrial uses of algae.

o
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1. Donotco py the answer directly from any of the books.
2" Asfaras possnble, try to answer the questions independently in your own words.
3. Ifitis neccssary to quote from any source, give the correct reference.

e — = =
¢

Use your own foolscap pages for writing the dssignment.
5. Leave sufﬂmcnt margin for the comments of the evaluators.
5.

Complcuon of this assignment normally should not take more than two hour’s tme.
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1. Answer thetallowing quéstions in about 30 lines each.g -
ryophyta

1. Write bl iefly:about the evolution of sporophyica
2. Trace the evolution of stele in pteridgphytes. | ,
3 What i Is hcterospory? State how the henc%ﬂcn has led to the seed habit in spermatophyta.

i
j —

II. Answer the[:' following questions' in Qo?ut lines each.

4. Dcscnbe the sporophyle of Anthoteros.
5. Descnbe briefly about sporocarp of Marsitea.
6. Write bncﬂy about the internal structure of the stem of Equisetunt.

1
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