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PREFACE

This book deals with the seed plants included in the syllabus for the second year
of the B.Sc. course offered by the Andhra Pradesh Open University.. The topics
generally cover the 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 conveniance, 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 spéciaﬁsit§ in accordance
with a format so designed as to enable the student to read and understand them without
much diffculty. Each unit begins with a statement of its objectives followed by synopsis.
Each unit has at its end assignments intended to test the Students comprehension
of the subject matter. Techinical terms with which the student may not be generally
familier are also given at the end of each Block under the head "Glossary".

Only important genera have been included so as to give the student a broad idea of
each major group. As for'_as possible, recent classifigalory system.hza_s been presented
for each group. For the sake of comparison, som@e impertant older classification
have also been mentioned. '

Andhra Pradesh Open Uniﬁersity I?gthat this material will help the students to

get aquainted with the principal issues of Botany in general and Gymnosperms. Plant
Anatomy, Taxonomy and Embry@‘m particular, Critical suggestions for improving

the text are most welcome @xe will be incorparated in the future edition.
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 UNIT-1: GENERAL CHARACTERS AND

o

- CLASSIFICATION OF _GYMNOSPERMS\

Contents o  ,
“1.1. Objectives - L : : o S fk-
12. ‘Introduction 3 S o :
" 13. ‘General Characters ’ '
: 1.3.1. Vegeta;ivc Cﬁ;tr.éé.t;rs
-' 132 Reﬁdﬁcti’\.;é/charactgrs ) .
14, Classification -
15. Summary T
16. Check Yqur_P,rogréss: Modfel" Answers
1.7. Model Examination Questions _ |

~11. OBJECTIVES

"By the end of the unit you will_be-'abic to':r B ' 0 - ; o .
1. list out the vegetative and rcpijoductivc Chdra‘?tymnosp erms; Cn

2. differentiate the classificatory systems of Cg fhi, Arnold, Pant and Sporne. .

- 1.2. INTRODUCTION , % S L
" “The term "Gymnosperms™ was"ysed Greek botanist Theophrastus in 300 B.C. for the’
plants which have unprotected see@eek, Gymnos=naked; sperma=sced). The gymnosperms
.are very ancient group of seed plants ating back most probably to the Upper Devonian, about
350 million years ago and are defintety known r.om the lower carboniferous age, about 300 millior
years ago. They have attained their peak of Zevelecpment during the jurassic-lower cretaceou:
periods of the Mesozoic Fra. The angiosperms appeared probably during lower cretaceous
about 110 million years -ago, and rapidly attained the dominance by the Upper Cretaceous -
_pushing the gymnosperms into the second position. Inspite of their overall numerical decling
the gymnosperms even now spread over extensive forests in the north temperate to Sub- Arctic -
regions. They are of great economic importance as they provide valuable timber, wodd-pulp\'\
' \re,sins- and other useful materials. oo ‘ . SRR L

L3. GENERAL CHARACTERS

- The modern gymnosperms constitute about 70 known genera encompassing ‘about 72! -
. species: There are a number. of fossil gymnosperms recorded from various geological hori
' zons from all over the world (e.g., Pteridospermales, Bennettitales, Pentoxylales, Cordaitales
| Caytoniales etc.) - L= T : ‘

' 13.1. Vegetative'Charﬁc_:ters _ _ _ .
The gymnosperms are_essentially xerophytic, evergreen, -woully, arborescent or shrubb

perennials. The.conifers often atfaining a pyramidal shape are mostly gigantic forest trees livin
for about a few hundred years. The red-wood tree of California ({J.S.A.), Sequoia semiperviren:
attains a height of 140 meters. In Sequoiadendron gigenteum, the tree grows to a diamete
of 10 meters and height of 120 fheters. In Mexican cypress, Tazedivm megicanum, the trun

is known to reach a dismeter of 17 meters. The cycads, on the other hand, aré palm-ike i 1
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" habit and much smaller in structure compared to that of comfers (Flg,l 1) The trunk is usually

columnar and unbranched and terminates in a crown of large palmately coimpound leaves. The
Gnetales resemble a typical dlcotylcndon in thelr ‘Thabit and are crther small’ trees or shmbs or
somettmes woody chmbers :

Fig. .1.1. Dl‘dgram .show-'ing the habit and the oomparatiw:' e - K
‘size in cycadopsida ancl conife_ropsida‘ A Cycas B. Pinus. : :

The cmbryo is stralght endoscopic and embedded in the endosperm The number of
cotyledons may be two (Cycas) or many. (Pinus)._The radicle gives rise to well developed
tap-root system. The root system is generally associated with mycorrhizal fungus (Pmus) or

-endophytlc algae (Cycas) The roots are mostly diarch, triarch or tetrarch.

'I'he stems are woody, erect and profusely branched (unbranched in cycadalcs) The
branches are.dimorphic consisting of the long shoots of lndetermmate and dwarf shoots of
determlnate growth.

The gymnosperms are mostly eévergreen plants ‘however.a few comfers ltkc Lam, Tazodium
are deciduons. The foliage is of two types viz., brown scale-like leaves and green simple or
compound leavés. The simple leaves may be Imear lanceolate, spathulate or néedle-like while
the compound leaves are large frond-like, rnegaphylls (cycads, cycadeoids) (Fig.1.2). Phyllotaxy
may be sptral (Podocarpus, Toxus, Taamdmm) or opposite decussate (Ephedra, Gnetum) or
whorled (Cupressaceae) The venatlon may be reticulate: (Gnetum), Parallel ( Welwitschia) or
dlchotomous (Gmkgo) The stomata are of two types ‘iz haplochelic {cycadales and conifers)
and synclctochellc (cycaedemds and some species 'of Gnetum} “The leaves are hypostomatic:

‘In Cycaa the young lcaves show circinate vernation, a typtcal ptendophytic character. ‘' The -

mesophyll of ‘the lcaves is w1th or without: pallsade tissue. ‘The* follar ‘bundles are dlploxyhc o

A



rozburgii witl-three needles. ingle icaf of Picca. D. Leaves of Areucaria bidwillis
EA dwarf shoot of Ginkge with foliage. F. Leaves of Tazus baccata. G. Leaves of Seguota
semipervirens. H. Leaves of Cupressus semipervirens. 1. Needle leaves in Cedrus deodera.

Fig‘ 1.2. Foliage in Gymnos%ﬁt.' rond of Cycas revoluta. B. Dwarf shoct of Pinus

(with centripetal and centrifugal xylem) in cycads and the ‘normal collateral type in others.
Transfusion tissue is present:in the leaves of many genera. The needles of many conifers
(Pinus, Cedrus, Abies) possess resin canals. The stems are eustelic as in dicotyledons. The
vascular bundles are arranged in a ring enclosing a pith in the centre. Each bundle is collateral,
conjoint, endarch and open: The rays present in between the two vascular bundles are called
medullary rays. They are usually broad and parenchymatous.

- N o

Secondary growth is a common feature of the gymnosperms résulting in profuse secondary
xylem and some amount of secondary phloem. The senondary wood shows distinct growth
rings. The secondary wood in the gymnosperms is of two types ie., (1) Manoxylic and (2)
~ Pycnoxylic. The former is present in the members of Cycadopsida while the latter is present in
‘Coniferopsida members. The manoxylic wood is loose and with large and relatively thin walied
tracheids. The lumina of the manoxylic tracheids are large. In addition to the trachieds the
manozxylic wood also consists of abundant xylem parenchyma and many xylem rays. Hence it
is of no commercial importance. The pycnoxylic wood is hard and compact with narrow rays.
The trachieds are small in size and thick walled with small fumina and the wood shows little
or no xylem parenchyma. Pycnoxylic wood constitutes a good commercial timber. The xylem
in gymnosperms is made up of tracheids and some xylem paren‘chyma. With the exception of
Gnetales, the vessels are, as a rule, absent in gymnosperms. -Bordered pits with well defined
‘torf’ are the censpicuous feature of the secondary wood. These pits are mostly confined to the -



" secondary phloem. consists of sieve cells, phloem

o

‘radial walls of the trachieds.- The radiai pitting is of two broad typcs viz., (1) Araucar_ian and

(2) Abietinian. The Araucarian type of radial pitting consists of usually two to many seriate,

- angular, contiguous, rounded and alternate pits. The Abietinian radial pitting is composed of -
‘usually uni- or bi-seriate, circiilar and separate pits. When biseriate the pits are opposite. The

secondary wood. shows resin canals in a number of conifers (Pinuas, Picea, Paeudotsuga

- eétc.). Each resin canal has a resinous cavity surrounded by a layer of epithelial cells and may =
~be of the vertical horizontal type. The vertical resin canals are found in a diffuse condition

among the tracheids while the horizontal canals are confined to the fusiform xylem rays. The
; f 1 perenchyma and phloem fibres. -Companion
cells are, as a rule, absent (except in Gnetales). o A T

Check Your Progress - 1

What are the ‘di_fferences between ménnoxylic wood & pycnbxylii: wood? - o

Note: '(a)‘-Write the answer in the space given below, ,
(b) Compare yo.r answer with the one given at thﬁ:‘é‘l_ld of this umt

. 132 Rep'mductive‘_(:ha& - [ O

The gymnosperms are umisexual and may be dioecicus or monoecious. -The micrgspOrcs
called as pollen grains are produced.in microsporangia borne on ‘microsporophylls,. - The

- microsporophylls are géngral}y aggreg_ated to form male cones. The megaspores are produced
_in the ovules, borne on megasporophylls which are generally aggregated to form female cones -
~ (Fig. 13). In Cyegs, Ginkgo and Tazus female cones are absent. Similarly in some ‘of the

fossil orders of ggymnosperms like Pteridospermales, there are no distinct cones; ¢ither male or 7
female. Depending upon whether the ovuies are leafborne or stem borne, the gymnosperms

. ; are either Phyllospermic or Stachyospermic. For example, the cycadophyta are phyllospermic o
- and the Coniferophyta are stachyospermic. ‘The microsporophylls (staméns) may be broad, --
- foliar (Cycas) or peltate (Tazus). The microsporangia are in groups of-two_to many in the

adaxial surface of the microsporophylls. Each. microsporangium deveiops in a €usporangiate .

~ rmanner and contains numerous, small microspores (polien grains). The pollen grains of the

gymnosperms are typically monosulcate (ie., having single furrow-like aperture on the distal

- surface) and with or without wings (sacci). When present the wings may be one {monosaccate),

 two (bisa_iccate) or three{trisaccate). Winged pollen grains are encountered in conifers (Pinaceae, ~ ~ -
. Podocarpaceae), and some fossil orders of gymnosperms.. In Cycadales, Ginkgoales-and. some

fossil orders, the pollen grains are non-saccaté,; elliptical to ovate and monosulcate, Pollination -
in gymnosperms is of the anemophilous type. The pollen grains are often produced in enormous

~ quantity (Pinaceae). During pollination, the ovule secretes a mucilaginous fhuid that fills up

the ‘micropyle of the ovule and exudes to its outside as a pollination drop. Pollen grains are -

. caught in this pollination drop and s'it dries up the pollen grains are gradually sucked into the
poilen chamber. ‘As a rulé germination Of the polien grain’is shed from.the microsporangium. -

The pollen grain, thus represents a partially developed male gametophyté,"~ -



Fig. 1.3. Female cones of 'sqmc 'Gymnbgperms. A Mcgaspor(iphyll of Cycas r-enolpta. B. Female
" strobilus in Tezus baccats. C. Femalg cone of Gaetum ula. D. Female strobilus of Weliristchia. -

On germination each pollen grain forms one (Cycadeles), two.( Ginkgo, Pinus) or many .
prothaliial cells and a large antheridial cell. In Taxaceae, Cupressacéae, Taxodiaceae etc. there
are no prothallial cells in the male gametophyte. The antheridial cell farther divides into a
small generative cell and a large tube cell. The gerierative cell later on divides into a sterile cell

. (stalk ceil) and a large spermatogenous cell (body cell). The spermatogenous cell subsequently

divides into two non-motile male cells. In Cycadales %gd Ginkgoales, the sperms (male cells)
are muitiflagellate and motile. The development of\he ale gametophyte is completed within
the ‘pollen chamber. The polien tube develops frorii e apertural region of the pollen grain '
wall. In Cycadales, the pollen tube’is extcnsi‘rmed and is haustorial in nature. In most

of the gymnosperms, however, the pollep tubeNeimply a carrier of the non-motile sperms.
X~

~ The ovules (megaspo;angia) invevmndsoerms are naked and not enclosed in a carpel as in
the angiosperms. The ovule is u%hotmpous, and unitegmic. The single integument is
massive and divisible into thyee disbeete layers, the outer and inner fleshy layers: (sarcotesta)
and the middie stony fayer @testa); The integument is either free from or fused with the
nuceltus. Further, the integuefit.is either vasculated or non-vasculated and form a distinct
micropyle towards the distal end of the ovule, Towards the microplar region, some of the cells
of the nucelius break down to form 2 cupule (cup-like) depression termed as pollen chamber.

" After pollination, the pollen grains are fenerally lodged here. The megaspore mother cell

(formed towards the micropylar ¢nd of the nucellus) divides meijotically to produce a linear

tetrad of megaspores, the basal one represent the functional megaspore, while the other spores

abort. The functional megaspore enlarges and by repeated divisions develops into the female

gametophyte. In the formation of the female gametophyte the megaspore nucleus first exhibits

a number of free nuclear divisions resulting in a.number of free nuclei. Cell plate formation

takes place subsequently in a centripetal fashion and ultimately the entire female gametophyte '
" becomes cellular, It is now designat'ed'» as the endosperm. L ; )

The archegonia-develop .f-ror-n' the hypd:dermal archesporial'cclls towards the micropylar

end of the endosperm. The archegornia in gymnosperms are of reduced type, possessing a short

" neck with a venter canal cell and an egg. No archegonia are formed in Gnetum and "Welwitschia.
Fertilisation in gymnosperms may be termed as siphonogamic as the g:‘iinctes‘are carr;ied‘
by polien tubes. : : ! o .

The first phase in the embryogeny is the occurence of free nuclear division in the zygote.
This is the most characteristic feature of the gymnosperm.embryology. The number of free
nuclei forméd before walls are laid down Between the nuclei-shows a lot of variation. In
Cycadales 256 to 1000 free nuclei are formed; in Taxales uptg 30 or more free nuclei are
formed. The free nuclei formed in the early embryogeny of Coniferales are few in number.



Free nuclear divisions are absent in-the early embryogeny of Gnetales. After free nuclear -

_ divisions, cell walls are laid down and the proembryo is differentiated. More or less distinct:

suspensor is formed in the gymnosperms towards the micropylar end of the’ developmg embryo.

_ This helps in pushing the developmg embryo deep mto the endosperm (female gametophyte) o

50 that it could  obtain better nounshment

Polyembryony i is a common feature in gymnosperms, and this may be of the cleavage type '
or simple type. If more than one embryo is formed from a single fertilized. archegonium from
a number of embryonal cells it is described as cleavage polyembryony. Simple polyembryony
involves development of many embryos from more than one zygote. In most of the cases,

however, ultimately only one embryo is developed fully in each seed owing to problems.* :
~ created by lack of available space and enough nutrition. The fully developed embryo is either

dicotyledonous (Cycadales) or polycotyledonous (Comfers) and possesses a hypoeotyl, plumule

. and radicle.

The seed is the resultant product of fertilisation and consequent elaboratron and modl- o

. fication of the ovule. The integument of the ovule is modified into. the seed -coat in which .
* the outer fleshy layer and the middle stony layer are retamed but the inner ﬂeshy layer turns

membranous and hlghly reduced

‘The seed germmates after a brief perrod of rest or dormancy The germmanon of the seed o '
in gymnosperms is usually of the epigeal type : '

Cheek Your Progress 2

Deﬂne the dnfferent types of polyembryony that we across in gymnosperms: L
Note: (a) Write your answer in the space givgh be I o

_ (b) Compare your answer w1th the on%r at the end of thls unit.
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14. CLASSIFICATION

A number of systems of the elassrficatron of gymnosperms have been pr0posed to date

by various authors; The followmg is a brief dlscussmn of the more srgnlﬁeant systems of -

classrficatlon }
As early as 1917, Conlter and Chamberlam, drvrded the gymnosperms drreetly into seven

orders viz., Cycadofilicales, Bennettitales, Cycadales, Cordaltales Ginkgoales, Coniferales and |
Gnetales. Subsequently Chamberlain (1934), based upori the over-all general habit of the plants, .

leaf form, wood anatomy and seed structure, divided the gyninosperms into two broad classes .
viz., 1. Cycadophyta, comprising the orders Cycadofilicales, Cycadeoidales and Cycadales 2.
Comferophyta, which includes Cordartales, Grnkgoales, Coniferales and Gnetales. .

In the. system of classrﬁcatron proposed by Amold (1948) the gymnospermous plants. o



|

treated under the Division - Pteropsida, were classified into three classes viz., Cycadophyta,
Coniferophyta and Chlamydospermophyta. Under Cycadophyta were included the orders
" Pteridospermales, Cycadeoidales, and Cycadales. The Coniferophyta, comprises Cordaitales,
Ginkgoales, Taxales and Coniferales. The Chlamydospermophyta includes Ephedrales and
Gnetales. Tt should, however, be mentioned here that in accordance with the International
Code of Botanical Nomenclature, the ending of a formal Division should be phyta and that
of the class, opsida. It is significant to note that Arnold (1948) has dispensed with the word
*Gymnospermae” in his system of classification. . : - =

r__';_yAdnlt sporophyte\

Germination of seed Female strobilus  Male strobilus (Cone)
- T . (Cone) l
- Emhryb B Megasporophyll Microsporophy!l
T Megas rangia Miérosporangfa ‘
ZygTote '%Ovlﬁes) {Pollen sacs)
Fertitisation ' " Microspore mother
(Syngamy) N{,th W cells
. o e‘!;sis- .- Meinsis
Sporophyte gegw o .
‘ . Gameinen ration \ o - o
Male Egg Megaspores Microspores, :
‘gametes cells ©_ (Unly one functional) o
A T s
‘ . Free nuclear stage of - 'Partly devejoped
Archegonia gametophyte male gametophyte -
A ' (pollen grain)
Cellular ‘stage of .
© female gametophyte  pollination
(Endosperm} . :
) Continued growth of
male gametopliyte

Fig. 1.4 Graphic life '(;y'éle of a gymnosperm



o Thls is because of hls ﬁrm/bellet' that the gymnospermous plants do not constltute a umﬁed‘

y most of the subsequent workers R TR W

s i Pant|( 1957) dmded the gymnosperms into three D1v1s10nsv1z Cycadophyta, Comferophyta -
'an‘d Chlamydospennophyta. The Cycadophyta consists of four classes. Ptendospermopsnda

‘dmdeondopslda Pentoxylopsida and Cycadopsxda The Coniferophyta similarly includes four 3
classes, Coniferopsida, Ephedropsida, Czekanowskxopmda and Taxopsida. The Chlamydosper-

" group with a single focus of origin, but are Polyphyletic in nature Ttus 1dea has been aceepted- j- i

'mophyta, however, includes only'a single class, Gnetopsida. Under each class are included ’

** various orders.and families. Pant ( {1957) has given consnderable lmportanoe to the fossil mem‘bers o
' of gymnosperms in hlS system ‘of clasmﬁeatlon : S : .

Somc of the recent workers ilke Lyman Benson (1957, and Andrews (1961) classnfy" o

. the gymnosperms into’ ‘more than three divisions which incidentally pomt towards extreme. - -

‘polyphylesis of this group o plants. -For the present purpose, the author adopts the systemt of
: claSSIﬁcatlon proposed recent\ly by Sporne (1965) _ o

-

Coniferopsida and Gnetopsida. The Cycadopsida is chargcteriged by manoxyllc wood, large .-

- ) ) . . "‘,\\ . .- * - - . : : . . ‘ " ,
Sporne (1965) has recognised three classes among @lnospetms wiz., Cycadopsidd -

hand, is 'dist'mgulshable by pycnoxylic wood, simple like, padd}e-shaped or fan-shaped

~ leaves and usually bilaterally symmetrical seeds. The topsida shows secondary wood with- -

vessels and flowers with perianth. The flowers anized into inflorescences or ‘compound
strobili. The followmg is the abridged versz ofthe scheme of Sporne’ s elasmﬂcatlon

. frend- like foliage, and mostly radially. symmietrical id

- :Class-l . Cy_cadopslda e (i des4orders and 14 fam1hes)

‘ 0rt|er'-1: - ndospermales :
: . FAnily:- Lygmopterodaeeae
eg Lygmoptens - :

- ".Order.-z : Bennettltales |
o - Familly : Williamsoniaceae
eg: Willamsonia :

= Order3: Pentoxylales

‘ Ord_er-'4r; o ,"Cy'ead’ales o R S
S Class-11 Lo 'Conil’e_ropsida ) (includes 4 ‘orders, 15 families) o

. _(jtdet-_l': :- ~ Cordaitales. - - :

‘Order-2: - Coniferales -
‘ . - Family ; Pinaceae
) e.g Pinus -~
- Order=3: =~ Taxales
. Order-4: = Ginltgoales _
o Class-iII_ T "Gnetops'idh o (mcludes smgle order and 3 fanuhes)

-;Oi-dehl: Gnetales,_;-
SRR _ Family : Gnetaceae
. eg. Gnetum

Coniféropsida on the other = -



1.5. - SUMMARY

o ’I‘l'le-gyninospér-nis, characterized by the possession of naked seeds are mostly arborescent’
and evergreen plants with profuse secondary growth. Tracheids are the: chief conducting
elements of the xylem. The reproductive structures are as a rule, unisexual and the micro-
and mega-sporophylls are borne in more or less distinct cones. The pollen grains are saccate
ot nonsaccate and generally monosulcate. The male gametophyte is considerably reduced and
the male gametes are either motile or nonmotile. The fertilization in gymnosperms is of the
siphonogarmic type- The ovule is monotegnic and the endosperm is formed before fertilization.

6. CHECK YOUR PROGRESS: MODEL ANSWERS - |

1. The Manoxylic wood is-a loose wood with large and relatively thin-walled tracheids where
as the pycnoxylic wood is a hard wood ‘with small and thick.walled trachieds. The cell
[umina is large in manoxylic wood and it is smail in pycnoxylic wood. The manoxylic wood '
consists of abundant xylem parenchyma and many xylem rays where as the pycnoxylic wood .
consists of littie or no xylem parenchyma and narrow rays. ST

2. There are two types of polyembryony ify ggmnosperms. 1. Simple polyembryony: and 2. .

Cleavage polyembryony. The development of many embryos from -more than one:z'ygote is .

calied simple polyembryony and the development of more than one embryo from a single
fertilized archegonium is called cleavage‘polycmbwy.' - : )

'17. MODEL EXAMINATION QUESTIONS)

L Answer the l’ollowi_n_g (-1ue':sti0ns in about ifR30 Jines §aéh. S _" _ -, g
1. Discuss in brief the general char%;)f gymnc)sp_erms;"-- |

_ 2. Write a;bri_ef account on @ assification of gymnosperms.-

IL Answer thefonowing qu%i in’ about 10 lines each, _ -
1 W;'ité bl:iCﬂY' the Sporn€’s system of cl&ssiﬁcation.

2. What are the angiosperinic,features of gymnosperms.

1
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21. OBJECTIVES -

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

1. describe the external féétures of the ste'm, branehes ‘leaf & root of Pinus,

2 draw the mternal structure and label the parts of the stem, leaf and root of Pinus,

3, dlstmgulsh the structure of the maie cone from a female cone of Pinus,

-

" 4. describe the pollmatlon mechanism ancl fertlhsatlon process in Pmus,

10

3 descnbe the development of embryo and endosperm and also the dlspersal mechamsm ancl
germmatlon process of the seed of Pinus. :
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22.INTRODUCTION | | -

There are about 18 genera and 200 species in the family Pinaceae. It is essentlally a
Northern family. The family is characterized by (1) having spiral arrangement of the parts (2)

- ovuliferous scales free from bract scales (3) two ovules per scale (4) two pollen sacs in each

microsporophyll (5) biwinged pollen and cleavage polyembryony (6) Seeds are dry and. winged.
The important taxa of the family are Pinus (90 spp), Abies(40 spp), Picea(40 spp), Keteleria (4
. spp), Tsuga (14 spp), Pseudotsuga (7 spp), Lariz (10 spp), Cedrus (4 spp) Pseudolariz (1 sp).

' 2.3. - DISTRIBUTION AND HABIT

" There are about 90 specres in the genus These are widely spread out m temperate and
cool. temperate regions.of the Northern hemrsphere

The pines are evergreen arborescent, perenmals Usually they are majestic trees few are -
‘shrubs (Pinus pumillo). Pinus aristatae is supposed to be the oldest (4,600 years) living tree on -
the earth . -

. In the Indian sub-contment the genus is represented by about six naturally occuring speeles
They are:

1.. Pmus excelsa syn. P. walhchmna (silver ﬁr‘ blue pine or kail)

. ThlS oceurs at an altitude of 1200 to 3,500 meters@wnean sea level and is in distribution

in Kashmir, Pakistan, Himachal Pradesh, Punjab, Si epal, Bhutan, Garhwal and Simla .
. hills, Kulu valley and NEFK It is a beautiful tre @ ing 8 to 10 feet in diameter and attaining
a height of 100 to 150 feet. T :

2. Pinus longifolia syn. P. mzbu hn%%)' :

This is spread over in the hills foyfiiig pure and mixed forests on the slopes at an elevation
of 450 to 2,250 meters in-the acha? Pradesh, Punjab, Nepal and Uttar Pradesh. It is a tall
tree, reaching a height of mor 160 feet with a diameter of 8 - 10 feet ' _

3 Pmus gemrdmna (chrlgoza pme) B N : Sy

This is spread over at an altitude of 2100 to 3300 meters on the dry and arrd regions of
North West Himalayas, Kashmir; Pakistan and Afghanrstan

4. Pinus armands (Armand Pine)

This grows at 1200 to 3,600 meters above sca level Common in Arunachal Pradesh Assam,
NEFA and China. .

5. Pﬂms khasyas syn. P. maulaﬂa (Khasi-pme)

This occurs in Khasya and Jayantia hills of Arunachal Pradesh, in Chittagon of Assam and
Burma, at an altitude of 700 to 3,000 meters. The plant attains a helght of 30 meters and its
_distribution is confined to Eastern Hlmalayas only. :

6. Pmus merkuan (Merlms pme)

Thls is Common af an altitude of 150 meters and is conﬁned to Assam Arunachal Pradesh
Meghaiaya and Bengal reaches about.3 meters in height. ‘ ‘

N 24 EXTERNAL FEATURES

‘The external features of stem, ,root, branches and leaves are given below. o B
‘ 11

. . B .
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. 'The species of Pinus are mostly large trees, reachmg a helght of 70 to 200 feet and about 10
_to 12 feet in diameter. The main stem (shaft) is erect woody and covered with: rugged scaly bark.

The apical bud of the stem is very active-and grows continuously and rapidly throughout its life -

‘time. The over-all shape of the plant is cone-like or pyramrdal The branching is monopodlal o ’

regular and as a rule;. symmetncal The branches arise laterally from the axils of scale-leaves

- every yedr. Ttie branches at the lower region of the stem are larger and those thher up. gradually -
- become shorter. The symmetry, however is lost by agc in the plant due to the death of someﬁ TR

~ . alder branches (Flg 1.1B).

~“z4z Root -

— It is typlcal tap- root type and short-llved because ‘the trees. often grow in shallow SOll

L overlymg rocks.: Henceforth, it is compensated by the strongly devcloped roots, which spread

- ,2 4.3 Branches

" “long shoots‘ whlch exhibiit indefinite growth and ii) Branches of :déterminate growth or dwarf . . - -'

2 4 4. Leaves

'I‘he leaves are also dlmorphlc and represented by 1 Bro{m scale-llke leaves (cataphylls) ' '
_and 2. .green fohage leaves. The cataphylls are borne on long and dwarf- shoots "“These fall .. ©
off when. the branches mature.. ‘The Green foliage leaves are called needles, because of- thelr"_-f; B
" _characterlstlc shape. The needles ocour only on the dwarf shoots. They persrst for a number of .

- larger areas but fails to grow vertically deep mto the sorl The roots are assoclated w1th an-
ectophloic mycorrhlzal fungus S " o e he e T '

tA

'I'he branches are dlmorphrc and represented by 1) Branches of mdetermmate growth or

shoots or ‘spur shoots - (Fig. 2.1). These arise on the long shoots from.the: axils of brown

. scale-leaves and exhibit very much limited growth because of the early cessation of the actmty .
: of the1r aplcal buds The dwarf shoots are themselves clot$by brown scales RER

F1g 21 Pmus dwarf shoots w1th necdles.l Necdle Ieaves 2 Brown scale leaves. 3 Dwarf shoots 4, Long shoot

years and fall only when the spur is 'shed as a whole. ‘A dwarf ‘'shoot with its ¢luster of green -

. - needles is also desrgnated as spur shoot. The number of needles per dwarf shoot is definite.
. Dépending upon ‘species, this number varies from one to-five. In P. Iong:fo!m, P. insularis and -
- P.gerandiana there are three needless for dwarf shoot: (Trlfohar spur)-In P, sylvestm and.P.-

: -. pinaster there are two needles per dwarf shoot (blfohar spur) In ‘P.monophylla, each dwarf o

12 shoot is mth a smgle needle (unlfollar spur) In P. quadnfolm each dwarf: shoot is. thh four

"

SN,
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-needles. Each dwarf shoot bears five needles as in P.ezcelsa and P. armandi.
- Check Your Prdgress -1&2.
1. How maﬁy types of bra.nches. are there in Pinus? What are 'they?

2. What are the different -typés of leaves that are present in Pinus.

Note: - (a) Write your answer in the space given below.
(b) Compare your ‘answer with the bg_le given at the end of this unit.

T A R R E LR R R AR
...........................................................................................
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:;-... ......... T o . .‘\......‘.‘ ........................... :.."...
2.5, INTERNAL STRUCTURE . N\)

2.5.1. Stem _

Primary Structuré of the Stem: The_ste 7' inus IS eustelic and shows the same general .
arrangement of tissues as in the dicotg(Fig. €.2). The epidermis is single layered and irregular
in outline. The outer walls of the e js are highly cutinized and stomata are scattered.

The cortex is multilaycre%differentiated into an outer sclerenchymatous hypodermis
- and inner parenchymatous zone. W€ most characteristic feature is the ocurrence of resin canals.
Each resin canal is lined by a layer of glandular epithelial cells. The resin exudes from the
injured parts of the plant body and on oxidation solidifies, thus sealing the wounded region.

Fig. 2.2. TS. ofyoung stemn of Pinua (diagrammatid)'l: Epiderinis. 2. Cortex. .
3. Resin canal. 4. Phloem. 5. Cambium. 6. Xylem 7. Medullary ray. 8. Pith.

" The endb(!ennis is single layered and inconspicuous with casparian thickenings on their .

radial walls: 13



~ The Pericycle is few layered, incohspicuou_s and parenchymatous.\
The Stele consists of a ring of 6-8 vascular-bundles,. surrounding a -central pith. Each
vascular bundle is a conjoint, collateral, open. and endarch (protoxylem elements towards pith -
and the metaxylem towards the pericycle). The protoxylem consists of annularto spiral tracheids.. -
The metaxylem tracheids are with bordered pits on their radial walls. Vessels are absent, Xylem
parenchyma is present. The phloem consists of sieve cells, phloem parenchyma and albuminous
- - cells. Companion cells are absent. Alternating with the vascular Bundles are seen the medullary
- rays joining the pith to the cortex. o - T
. The Pith is scanty and parenchymatous. Primary medulilary rays which run in between the
two vascular bundles are very narrow.. o : - .

~ Secondary Structure-of the Stem: Pinus exhibits profuse secondary growth. The secondary
 thickening takes place as in a typical dicotyledon. The secondary wood is produced abundantly.
It is pycnoxylic and shows distinct rings. The autumn wood is composed of narrow thick walled
tracheids with small lumina and the spring wood consists -of relatively broader thin walled
 tracheids with large lumina (Fig. 2.3). The secondary wood ¢onsists of tracheids, xylem rays. -
. and resin canals. Xylem parenchyma is absent. ‘ g o

. The tracheids show conspicuous bordered pits on their radial walls. The pits are. uni-to
bi-seriate, when uniseriate they are circular and separate and when biseriate they are oppositely. -
_ placed. This type of radial pittings of conifers is called Abigtinean type of pitting, A number of -
species of Pinus shows bar-like thickening in between @dered pits and these thickenings
constitute crassulae. : - ' N e .
They represent the thickening on the inner lahc secondary wall-of the tracheids. The
xylem rays are of two types viz, short, uniserigtg rays dnd moderately large, fusiform multiseriate
. Tays.” Some of the fusiform rays.show the prt%& of horizontal resin canals.- InPinus (as'in

2.3, part of secondary wood of pinus showing autimn wood and
spring wood.. 1. Autumin wood. 2. sﬁr‘_irig- wood. 3. Resin canal. -

'thc_casé' of many members of Pinaci:aé) the xylcm rays p'psséss, in ?ddition t_oparenchjmé cells,
) - .some tracheid-like cells called ray tracheids. These are usually confined to the margins of the .-
'.:..14‘ rays (Fig24). -~ - e ' o o
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Fig. 2.4. Three dimensional view of the wood of pinus. _shuv.ring transverse, longitudinal tangential and
longitudinal radial sections. 1. Autumn wood. 2. Spring wood. 6@. 4. Bordered pit. 5. Tracheid.

_The resin canals represent important diagnogtic f¢ ature of the Pinus wood. The canals are
of two types viz., vertical and horizontal. The vertite esin canals are seen scattered among the
tracheids and the horizontal canals are fou e fusiform xylem rays. :

The sécondary phloem consists xQMélls, phloem parenchyma, fibres é’nd phioem rays.

Secondary growth also invo e production of cork and bark. Phellogen formed in the
outer layer of cortex gives rise to secondary cortex or phelloderm, cork or phellum and bark.

252. Root -

The internal structure of the root resembles that of the dicot root. The young root is
differentiated into piliferous layer, cortex and the stele (Fig. 2.5). ' ' :

. ' IjI'he Piliferous layer arises from periblem. It is single layered and develop root-hairs which
are often less or ‘absent. Ectophloic mycorrhiza is found surrounding this layer in the. place of -
‘root-hairs. : S ' ' '

The Cortex is a w1de zone of parenchyinatous cells and is present beneath the piliferous
layer. e : '

The /Endode:"mi's is single layered with sﬁbériééd broad cells, The radial walls are with
casparian thickenings. . . , : o :

The Pericyclé is multilayered and parenchymatous.

" The Vascular bun'dies of the roots are mostly diarch to tetrach with-2'to 4 exarch xylem
strands alternating with 2 to 4 phioem strands, Often there is a resin duct facing each protoxylem
point. L Dr. BRA ~iF o Acc_',N‘o: CM=« 0‘37 "i A

© LiBRARY . ClassNoy s g/ 0 1s
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- essentially thin-walled chlo’rophyllous parenchymatous cells. The inner walls of ithe mesophyll .
cells drawn inwards to form peg-hke or. warty structures. The presence of peg-hke ingrowths is
"a charactenstlc feaﬁne of the mesophyll cells of Pinus. ‘These serve' to increase the absorptive, -
- aeratmg and excreting surface of the protoplasm in each cell and thus compensate for reduced. A

) This results in the production of an abundant secg
e phloem No growth rmgs are seen 1n the seconda

is umform in all the specres (an; 2¥)

‘g

‘ Flg 25 TS. of Pmus root. 1.- Eplthellal layer 2. Endodermis. 3. Cutlcle 4, Eplder-
. mls S Cortex. 6 Phloem 7. Perlcycle 8 Resln canal 9, Protoxylem 10, Metaxylem

,,_\_-, .

Secondary thickening in Pinus'rt')ot is similar t th the root of a typlcal dlcotyledon

253, Leaf. = - - ?“ AR

- Th+¢ross sectron, outlme of the %vshews variations in dlfferent Speo1es In Pinus .
monophylla the needle is circular,ig crods section, in P. sylvestris it is ‘semi-circular and in P. .
longifolia and P. strobus etc,, it ’& pst t_rrangular__m outline. However the mternal structure

The epidermis is smgle layered .and thtck walled The outer walls are heavﬂy cutlnlzed

"I'he stomata are uniformly distributed all around the leaf and are deeply sunken They :are

developed in longitudinal rows The guard cells of the stomata are. srtuated well below the level o '

‘of the epldermls .

The hypodermrs is composed of one to few layers of thlck walled sclerenchymatous cells.

,‘It is absent beneath the stomata Itis strongly developed at the angles

The mesophyll is: undlfﬁrentlated into . spongy and pallsade t1ssues and composed of.*

leafy surface. The mesophyll tissue is the seat of photosynthetrc actmty asit contams numerous '
chloroplasts and abundant starch. R . } .

The. endodermis consusts of consplcuous srngle Iayered and barrel shaped cells wrth,-
casparlan thJckenmgs S . Do _

The pericycle isr multllayered and present beneath the endodermns. It cons:sts of several

A contammg starch Embedded in: them are two other types of cells, VIZ., 1 albuminous cells and2 o

trachetdal cells “The albummous cells are parenehymatous and nch irt protems The tracheldal -

i
.-
N



cells resemble the tracheids and are radially elongated. They serve to carry fluids from the -
xylem to the mesophyll. These special kinds of cells collectively constitute the transfusion tissue.
Resides these tissaes, the pericycle possesses few sclerenchymatous fibres near and between the

bundles. Each néedle has two vascular bundles which are conjoint, collateral and open.

. O

Fig. 2.6. Pinus needle in T.S. 1. .Cu% Epidermis. 3. Hypodermis. 4. Mes-
cells.

ophyll. 5. Resin canal. 6. Alpegino

7. Tracheidal cells. 8. Stoma. 9.

Sclerenchymatous-paich. 10. 11. Pericycle. 12. Endodermis. 1 3. Xylem.

b

Pinusneedles exhibit'a &r of xeruphytic characters such as the presence of tfu’ck-wailed,'
heavily cutinized epidermis, sunken stomsata, prominent hypodermis and mesophyll cells with -
peg-like ingrowths. Added to these featurcs, is the m;edle shape of the leaves which incidentally

reduces the transpiring surface.
Check Your Progress - 3

What is transfusion tissue?

Note: (a) Write your answer in the space given below.
{b) Compare your ansWer_ with the one given at the end.

’
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‘2.6. REPRODUCTION \

© Pinus is monoccnous i.e., both male and female cones are borne by the same plant but on
different branches )

2.6.1. Male Cone (Staminate Strobilus)

The male cones occur in clusters, each in the axil of a scale leaf at the base of a termmal
' vegetatlve bud. They are concealed amidst the previous year’s foliage. The male cones replacc
_ the dwarf shoots at the base of the devclopmg bud or shoot of the ‘current year. They are seen
- on the pine tree in the beginning or middle of March in the hills and in January or February
in the plains. The shedeing of pollen grains starts at thc end of April and continues till the
beginning of June. After the pollen is shed, the male cones fall off from the trees. A male
cone is ovoid and 3-4 cms, in 'length (Fig. 2.7). The male cone is shortly statked and, consists
of an elongated central axis, on which are borne a number of microsporophyils (stamens) ina
spiral manner (Fig. 2.8.). The mlcrosporophyii is triangular in outline w1th a short stalk and a
sterile terminal drawn out tip. Two mlcrOSporangla {pollen sacs) are present adax;aily on each
microsporophyll. These pollcn sacs contam many, two-wmged rmcrospores or pollen grains. .

The development of microsporangiom is eusporan@ﬁ; group of ‘hypodermal cells
divide periclinally to form an outer parietal layer anddmger 8 rogenous layer. The outer layer
divides further to form a three celled thick wall faye spor‘angium-. The sporogenous layer
gives rise to the archesporial tissue which for microspore mother é‘cits-. Each microspore

~ rother cell undergoes meiosis to produce ?%id microspores or pollen grains. ‘

Fig. 2.7. Male cone of Pinus; 1. Micmspor('?pl;ylt. 2. Needle. 3. Stalk.
18 '
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. Fig. 2.8. LS. of male cone of Qi Eiérospomphyll.’z. Micros:porangium. 3. Cone axis.

The Microspore (Polle%-) has cuter exine, the middle exointine (sexine) and the’

innermost intine.  The pollen Jfains are bisaccate (two winged) with the sacci piaced‘ more
towards the dlstal facet. The wings of each. pollen grain are formed by the separation of the
outer part of the exine (ectexine) from its inner part {endexine). These wings are supposed to help
in the pollen dispersal. The pollen grains are heteropolar, radiosymmetric with a longitudinal
furrow (sulcus) on the distal side. These pollen grains partly germmatc (to the 4-celled stage)
- before they are liberated. :

2.6.2. 'Female Cone.',(Ovula_te Strobilus) o

:

" The female cone replaccs a long shoot. One to four femalc cones arise in the axils of
* the brown scale-leaves. The young female cone is a small, erect, reddish green structure, with -

an ciongatcd central axis and ‘a short stalk:” The elongatcd central axis of the cone bears
many spirally arranged meuaspﬁrophylls The femaie conie is a2 hard and woody structure at
. maturity (Fig. 2.9). Each megasporophyll is a compound structure having a bract scale, which
is thin, membraneous and dry and a short woody triangular shaped ovuliferous scale which
is borne on the upper surface of the bract scale in its axil (Fig.2.12). The terminal bread

sterile portion of the ovuliferons scale is caiied apophysis. The apophysis is directed outwards

concealing the bract scaies mﬂﬁ the view, 'I‘he surface of the cone is marked by rhomboidal areas

each with a smal} wrstm com»s,.a! point, the umbs. Thf'% rhomboidat areas are the cutlines of the

19



Fig. 2.9. Female cone and ovuliferous scale of Pinus. A. Threc y@vatu&é female cone of Pinus. .- ‘
B. Outliferous scale with two ovules. 1. Long shoot. 2. Stalk. 3,Qulifertfis scale. 4, Apophysis. 5. Ovule,

broad sterile. portions of the 'apophysis of the ov_u_s scales. There are about 80 to 90 -
. megasporophylls in a single female cone (Fig, ' ' : S

Flf_g.72.'10. Pinus feniaie cone in Ls. 1 0\‘/crlliferouréfg.ca‘1]e. 2. qulé. 3. Bract S‘q'al_c.wd. Conie ‘axis. . 7_‘ R

"'[';he ‘morphelogical nature of the female cone of Pinus (and other coniferSj has bcén one

" of the most thoroughly debated probiems. Broadly speaking there are two mutually divergent

aspects that are generally considered i this connection, viz, i) is the female cone of conifers' -

. (Pinus for instance) a single flower (strobilus) or i) is it an inflorescence (comipound,strobilus)

‘made up of a main axis with secondary fertile short shoots (flowers) in the axils of bracts. In other

Lk N -



words, do the bracts subtending ‘the ovuliferous scales represent carpels (i.e., megasporophylls)
or do the ovuliferous scates with their ovules constitute flowers in the axils of bracts?

Sachs (1868) and Eichler, considered the bract scales as open carpels and the ovuliferous
scale as an outgrowth-(exerescence) of the bract scale, comparable to a ligule or placentum.
According to them, the female cone of Pinus is equivalent to a single flower. '

Delpino, who also interpreted the female cone as a sicngle flower regards the ovuliferous
* scale to be a by product of the fusion of two inwardly turned lobes of the bract scale.

On the basis of his exténsive and critical studies of the ovule-bearing reproductive structures
of some fossil ggmnosperms such as cordaitales and the Permian (Late paleozoic) and Triassic
(Early Mesozoic) conifers, Florin (1951, 1954) has provided convincing evidence for regarding
the female cone of Pinus (and other conifers) as equivalent to the inflorescence of angiosperms
and hence a compound strobilus. According to Fiorin, the cone axis represents the inflorescence
axis, each bract scale a true bract in the axil of which is a short, highly modified and reduced
reproductive shoot- the ovuliferous scale.” Florin's interpretation is now accepted more or less
universally. In view of this, the earlier opinions on the morphology of the seed scale complex
of conifers are of historical interest only. '

The development of ovule starts only a year after the female cone is formed, Ovule arises
as a small hump of cells developing on the upper surface of the ovuliferous scale.. The ovule
gradually increases in size to form nuceflus or Megasporangium. From the base of the nucellus
arises a covering known as integument. This integument s not cover the ovule completely,
but leaves a small opening known as micropyle which all@ pollen grains to enter and come
in contact with the megasporangium. The integumeng an. nucellus together constitute the
ovule. The integument consists of three wall layehé outer fleshy sarcotesta; the middle

hard sclerotesta and the inner fleshy sarcotesta. e’ nucellar tissue towards' the micropylar .

end of the ovule,.soon initiates the developm ertile archesporial cells which are prominent
in size. with distinct nucleus in each. ardfesporial cell divides particularly into an outer
parietal cell and an inner sporogenou megaspore mother cell. The megaspore mother

these four megaspores, usually t r three Cells disorganise, while the basal megaspore will

cell undergoes reduction division tg pro8yce four haploid cells which form a linear tetrad. Of
be functional.

. 2.63. Pollination
The pollen grains are produced in enormous numbers and the pollination is anemophilous.

The pollen sacs dehisce releasing the pollen. Because of the enormous production of pollen

grains after anthesis and their release into atmoesphere they could be seen as yellowish clouds
in the vicinity of pine forests. The pollen grains measure about 7540 pm in diameter, with
two baloon-like wings attached to their distal facets. The ovuliferous scaies of the female cone
{one year old by this time), open at this time te receive the wind blown pollen grains. Much
of the pollen produced is wasted and only few pollen grains reach the micropyles of the ovules
and are caught in the pollination drops. As the pollination drop dries up, the pollen’ grains
entangied in the drop are gradually drawn inside the ovule, through the micropyle and finally
settle in the pollen chamber, After pollination, the female cone gets inverted and before that
the ovuliferous scales are.closed tightiy. ‘ - T :

Check Your Progres's‘ -4

What is the difference between ovaliferous scale and bract scale.
Note: (a) Write your answer in the space given below.
(b) Compare your answer with the one given at the end of this unit.

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

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



'2.64. Development of Male Gametophyte .

As said earlier, the pollen grains germinate partly even before they are shed from the pollen

22

Pollen grain %

- Antheridial cell

.. . Spermatogenous cell

. sacs, To start with, the pollen grain divides to form a small lenticular Prothallial cell and a large

N

Fig. 2.11. Development of male gametophyte inPi @ Exine. 2. Nucleus3. Wing.
4. Prothallial cell. 5. Antheridial cell. 6. Secondwebthailial cell. 7. Generative
cell. 8. Tube nucleus. 9. Stalk cell. 10. Bol 11. Cytoplasm. 12, Pollen tube.

<

Large cell 1st Prothallial cell

2nd Prothaial cell
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cell (Fig. 2.11 A-E). The latter divides to form another (second) small prothallial cell and a large

cell, the antheridial cell. The antheridial cell then divides to form a generative cell (towards

the prothallial cells) and a tube cell. The pollen grains are shed at this 4-celled stage. The two
prothallial cells degenerate and are distingunishable by two vestigial lenticular markings. The rest

of the male gametophyte development takes place in the pollen chamber. The tube cell forms a

short pollen tube which emerges out through the sulcus. The pollen tube does not grow further -
into the nucellus. In the mean time the generative cell moves into the tube and divides into a

sterile cell (stalk cell) and a spermatogenous cell (body cell). The latter will again divide to
form two non-motile male gametes. All this development takes place a week before fertilisation,

meanwhile the pollen tube pierces through the nuceltus and reaches the archeégonium. The

foltowing is a schematic representation of the development of male gametophyte in Pinus.

2.6.5. De{relopme_lit of Female Gemetophyte‘

The functional megaspore nourished by the nucellar tissue enlarges and undergoes repeated
free nuclear divisions. The free nuclei occupy parietal position leaving a large central vacuole. As
a result of further free nuclear divisions as many as 2000 free nuclei are formed and the central
vacuole becomes smaller and smaller-and finally disappears.-The developing female gametophyte . °
now consists of numerous free nuclei spread all over it. Then wall formation takes place in a
centripetal manner ie., from periphery towards centre and the female gametophyte becomes
entirely cellular. This cellular female gametophyte in gymnosperms is endosperm. The endosperm '
in Pinus is formed before fertilisation and is haploid in nature, unlike in angiosperms where it
is formed only after fertilisation and is usually triploid, female gametophyte (endosperm)
below the micropylar region develops 3 - 5 archegoma Egch archegonium develops from a
single superficial cell in the endosperm and is a gvalshaped structure with a small neck and
a venter. The venter contains a venter canal cell large egg cell or oospore. The neck is
short and consists of two tiers of four cells g of a%fhgle tier of four cells (as in P. rozburghii
and P. wallichiana). There are no neck ca%&ll_s, The neck is over grown by the adjacent
cells of the female gametophyte and arciegonium therefore comes to lie in a depression
- called the archegonial deprcssion(Fig% S S

Fig, 2.12: LS. of mature ovule of Pinus, bearing the archegonia. 1. Micropyle. 2. Outer sarcotesta.
. 3. Middle sclerotesta. 4. Inner sarcofesta. 5. Archegonial chamber. 6. Archegonium. 7. Female
' gametophyte 8 Nucellus. 9. Chalazal end. 10. Ovuliferous scale. 11. Bract scale. 12. Pollen tube.

2.6.6. Fertilisation

The pollen tube elbngates till‘it reaches the meck of the archegonium, which is embedded
" in the endosperm. The pollen tube wall at its tip gets dissolved and releases the two motile male -
‘gametes. One bf the male garactes fuses with the egg cell and the other male gamete usually.
.aborts, ‘ : ‘ :



_ specific functlon (Fig 2 13 A-I)

2.6. 7 Development Of The Embryo (The Young Sporophyte)

..The fertilized egg or the 00Spore (zygote) is d1plo:d and constitutes the first. cell of the
sporophyte generation. Thison mrtherdevelopmentwﬂl give rise to the embryo. The embryogeny
inPinus 1nvolves two stages, the flrst proembryonal stage and the. second embryonal stage. -

'- Proembryo The early. phase of embryogeny mvolves free nuclear dlwsmn "The nucleus of the

zygote divides tw1ce to form 4 nuclei. They move to the bottom of the zygote.” Now another
division results in the formation of 8 nuclei arranged in two tiers of four nuclei. Walls appear-
between the nuclei.of the basal tier. The upper most tier of four cells are free, open and are not
separated by walls from the rest of the cytoplasm of the zygote above. Where as the lower tier -

.of cells undergo fuither divisions to form yet another tier of cells, thus resulting in three tiers

of four cells each. Later on again, the lower most tier undeirgoes one more division resuiting
ultimately in four tiers of four cells each: This' 16- -celled structure is called the proembryo (Fig.
2.13 F). The lower most tier of the proembryo is said to be the embryonal tier. The next tier
i.e., the one over thie embryonal tier, is called the suspensor tier. The cells of this tier will give
rise to suspensors The suspensors elongate considerably and may some times form secondary -
suspensors after undergomg division. The main funétion of the suspensors is to thrust the
developing embryo deep into food laden endospermic tissue. The tier of the cells above the

suspensor tier is the rosette.tier above which lies the open tier. "The proembryo in Pinus. is.a
symmetrical and well organized structure with a defmnte number of tiers of cells, each w:th a

¢

‘Fig. 213 Embryogeny in Pinus. A-F: Proembryo G-L Stages in the development of the
embryo. 1, Wall of the zygote cell. “2. Free nuelel of the zygoyte. 3. Open tier. 4. Rosette
tier. " 5. Suspensor tier.. 6. Embryénal tier. 7. Secondary suspensor. 8. Embryo proper.

- . . .- oo 4

Embryo The cells of the lower most tier of the proembryo called embryonal oells give rise to
-embryo proper. - -Usually these four cells get separated as' a result of the cleavage undergone -

" by the four suspensor cells situated above, and each of them develops into_an embryo proper.

Thus four potential embryos are formed from’the embryonal tier. This type of polyembryony

. is common in Pinus. Some times more than single archegonium gets fertilised and develop- -

24

into 3 to 4 embryos resulting in simple polyembryony. Occassionally the cells of the rosette tier

may also give rise to embryos. However, as a rule, in all the cases only one embryo grows fully
and reaches maturity in any one seed. The rest of the embryos abort at various stages of their

" development. The embryo consists of a short axis bearing a ring of upto ten slender, yellowish . .
“cotyledons. The axis is differentiated into the radicle towards mlcropylar end. The radicle

with a prominant tiypocotyl ends in several cotyledons: The plumule is present in ‘between the
cotyledons The tip of the Tadlcle is attached to the conled thread-like structure, the suspensor:



2.68. Seed

Development of the Seed: The ovules after fertilisation become seeds. The integument
of the ovule transforms into seed coat. The outer fleshy sarcotesta disappears, the middle
solerotesta forms hard seed coat, the testa of the seed; while the inner fleshy sarcotesta becomes

membranous and forms the tegmen. '

Fig. 2.14. Pinus seed. A.scedof Pinuswith wing. BLS. ofl@(}"iniw. 1. Wing. 2. Seed, 3. Testa.
4. Tegmen. 5. Nucellus (Perisperm). 6. Suspensor. 7. EUrm ¥ Radicle. 9. Hypocotyl. 10. Cotyledons.

- Fig 2.15. Young seedling of P.l'n;u 1. Primary leaves. 2. Cotyledons. 3, Hypocotyl. 4. Radicle.

The seed is endospermous. Perisperm is the thin layer towards micropylar end and represents
- the remains of the nucelius, The embryo is polycotyledonous and usually has 3 to 10 cotyledons.
The seed in Pinus is winged, and the wing is formed from the outer layer of the adaxial surface
of the ovuliferous scale (Fig. 2.14 A). : o5

~
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. Dispersal of the seed: The female cone take three years to-mature fully. It is now dry, brown
and woody structure. The ovuliferous scales turn into_hard woody structures with pairs of
. winged seeds. The ovuliferous scales on separation produce a cracking sound releasing the seeds
' _into atmosphere. The winged seeds are later on disseminated by wind currents to fairly long:
~ distances(Fig. 2.14 A). = o ‘ ' oo .

Fig, 2.16. Life oycle-of Pinua (Diagrammatic).

Germination of the seed: The germination of the seed is epigeal. The seeds m%ay germinate
with or without a period of rest. The séed coat splits open and the radicle grows downwards
forming thé primary root. Then follows the plumale, which grows upwards producing 3 to 10
-green cotyledonary leaves. Further growth of the plurule initiates the growth of the long shoot,

dwarf shoot, brown scale leaves and foliar photosynthetic (needle) ieaves (Fig. 2.15). N L

27. ECONOMIC IMPORTANCE

o The wood of Pinus is a source of good cdmmerciai tlmber and irood-puip,‘ “Piiiirg“s sylvestris
. 'yields valuable resin and turpentine. The seeds of Pinus gerandiana (chilgoza) are edible. The
9¢ wood and the dried cones are used as fuel during winter months by the hilly people. -



2.8. SUMMARY

Pmu.s, Confined mostly to the temperate bel¢ of thc northern hemlspherc, is a large. genus
Both the shoots and leaves exhibit dimorphism. The needle-like photosynthetic leaves are borne
on dwarf shoots. The wood is pycnoxylic and with resin canals. The male cones are small and
replace the dwarf shoots; the female cones are large and arise in place of long shoots. Each
mlcrosporophyll bears two abaxial pollen sacs (microsporangla) containing nunierous two-winged
potlen grains. The megasporophyil is 2 compound structure consisting of a small bract scale and
a large ovuhferous scale with two ovules on its adaxial s:dc

- The pro-embryo is 16-celled with four supenmposed tiers of four ocllé each. Cleétvagc
polyembryony is the normal type in Pints, o S

'2.9. CHECK YOUR PROGRESS MODEL ANSWERS

1. There are two types of branches in Pinus. They are (1) Branchcs of mdetermmate growth
or long shoots and (2) Branches of determinate growth or dwarf shoots or spur shoots.

2. There are 2 types of leaves in Pmus Thcy are (1) Brown scale leavcs (cataphylls) and (2)
Green fohage leaves, ' .

'3, Embedded in the cells of the pencycle of the leaf of Pinus there are 2 other types of cells
viz., (1) Albuminous cells and (2) Tracheidal cells. These special cells collectlvely constitute

transfusion tissue. 7
4, The megasporophyll of Pinus consists of a thm@mnousand dry bract scale in the axil
. of which arise the short woody triangular liferous scale bearmg 2 ovules.

2.10. MODEL EXAMINATION %%\rfopls

I Answer the following questhi 30 lines each.

1. Write briefly about endral characters and dlstnbutlon of Pmus in Indla.

2 Dratnt a well labelled am and describe the internal structure of the ncedle of Psm;s
and comment upon -its xerophytlc characters. = - o

3 Describe the internal structure o¥ the stem of Pinus with the help of a diagram,
. 4. Describe thc male cone and microsporophyil i in Pinus.
*5. Discuss the developmcnt of embryo in-Pinus.

il Answer the following questions in about 10 lmes each

1. Wnte about the economic 1mportanoe of Pinus.

2. ,‘Wnte briefly about the dlspersal mechanism and germination ‘p'rocess of the seed of
Pinus. o .

3. Write bncﬁy “about. the pollmatlon in Pmus ‘
4, Write briefiy about the ovuliferous scale of Pinus.

27
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3.1. OBJECTIVES

By tﬁe endrofvt'his unit you will rbe able to : -

1. describe the extemal features of the sporophyte of Gnetum,'

2. draw the mternal structure ancl label the parts of the primary, secohdary stem and stem '

28

® N

o with anomalous secondary growth and also the leaf and T00t,

3. distinguish between the structure of the male and female strobilus of Gnetmn, ‘.’1 :

describe dlfferent mterpretatlons of dtfferent scientists to the three envelopes of Gnetum
ovule, - y

N

d:fferentlate the deveIOpmental stages of a male gametephyte from a femaie gametophyte
descnbe the pollmatlon mechamsm and fertilisation process in Gnetum, \
describe the dcvelopment of embryo & endospenn of Gnetum and .

list out the vanous uses of Gnetum piant



3.2. INTRODUCTION

The family. Gnetaceae is represented by a single genus Gnetum, whose distribution is
restricted to tropical rain forests. Reticulate venation of leaves, presence of vessels in the wood,
presence of perianth in the male flowers, tetrasporic embryo sac and absence of archegonia are
some of the signiﬁeant' features of this family. '

The genus Gnelum is represented by about 40 species and they are dlstnbuted atl through
in the equatorial and tropical rain forests of the world. Various species are found in the
Amazon basin of tropical Africa,-South America and Asia. In Asia the genus is present in India,
Bangladesh, Burma, Siam, China and Malaysia. In Malaysia the plants are cultivated on a large
scale for the edible fruits of Gentum gnemon. No species occurs in Australia, North America
and the entire Europe. In India, Gnetum is represented by five species as follows :

i) G. gnemon : Fully groivn plants are trees, rarely scandant, found common in Jayantia,
Garo hills of Arunachal Pradesh, hills of Assam and Manipur. In south India, it is seen in the
‘Coonoor and Nilagiri hills of Tamil N adu and in Qullon area of kerala.

ii} G.ula : This is & woo’dy-climber {Liana). This i@mnl}? found in Konkan, Malabar,
Coorg etc. and in the Nilagiri and Palani hills ju Tam¥ Nadu. It is also recorded from
the Ananthagiri hills of Araku Valley in Andhrsh, Mayurbhang district in Orissa and -
Andaman and Nicobar 1slands -

-ii) G. latifolium : ThlS is an eve@n,chmber. This is recorded from the Andaman and

Nleobar islands.
.iv) G. montanum: This is also a:lana This is commeonly found in Sikkim, Assam, Darjeehng,
Khasia and J ayantla hills in Arunaehal Pradesh. .

v) G. contractum : This is a scandant shrub. 'I'lns is commonly found in Travancore area
in Kerala and Coonoor and Nllagm hills in Tamil Nadu. :

33. EXTERNAL FEATURES

The sporophyte resembles a dleotyledenous plant in its general habit. The plants are
generally climbers with twinning stems, having anomalous secondary growth (G. zla). A few .
are trees (G. gnemon) and some of them are shrubs (G. latifelium, G contmctum and G.
oblongum). G. irinerve is a parasite on cinchona plants. :

The branches are of two types viz., long shoots of unlimited growth and dwarf shoots 6f -
limited growth, However, in tree members such as G. gnemon there is no differentiation of the
branches. The dwarf shoots bear 2-6 pairs of simple, opposite and decussate leaves.

The leaves are dors1~ventral simple, exstipul a&‘e, shortly petiolate, broadly eHiptical or oval
“with entire margins. Venation is reticolate. Thus, the leaf of Gnetum: resembles very much-a
_ typical do:s:-\rentra! dzcotyledonous leaf (Fig. 3.1). _ 29',



The stem is monopodlal and much branched The plant possess ‘a well developed much
' branched root system : ‘

s Flg 31, Gnétum twig bearlng si te decussate leaves
C anql the stroblll 1 Slmpl ? 2 Male strobllus. 3. Stem,
34. THE INTERNAL S@PURE | “

The mtemal structure of the: stem, leaf and r00t arc grven below

= 3.4.1 Stem S o - I

S The mtemal structure of the stem resembles that of a dlcot stem.. The stem -apex consrsts. -
- of a mass of meristematic tissue that is clearly differentiated into tunica and. the cOrpus zones, -

-. as m dicotyledons. Both tumca and corpus tissues help m the format:zon of pnmary structures ' . '

~ of the plant

anary Structure of the Stem : Tn transverse sectlon, the stem is drfferentlated into epldermls, o

“cortex and the stele. It is circolar in outline {Fig.3.2.). The-epidermis is single layered Stomata a

- . are sunken and they mterrupt the -continuity: of the epidermis. Cortex is multllayered and is -
~differentiated into outer chlorenchymatous cortical zone which is 5 to 7 layered, the' mrddle
.. thin-walied parenchymatous zene, and the innermost 2-5 layered sclerenchymatous zone. The
cells of the sclerenchymatous zone are splcular and-polygonal. This zone is more consplcuous ,

in older stéms. Endodermis and pericycle are single- layered and mconsplcuous The steleisa -

- emstele. The vascular region consists of. 20 to 24 (the number may vary from spécies to species). -
- conjoint, collateral, open and- endirch vascular bundles arranged in- the ring, The xylem consists-
- 7 of tracheids and vessels, xylem fibres are absent and the xylem parenchyma scanty of even
. absent. The vessels of primary xylem bear circular bordered pits. ‘The tracheids consists of spiral -
© or reticulate thlckemngs. The primary phloem consists of sieve cells and phloem parénchyma. -
~ The medullary rays present in between the two vascular bundles aré broad and parenchymatous. o
30 The central part of the stem is occupled by the parenchymatous plth. - e



Fig..3.2. Young stem of Gnetum in T.S.'1. Stoma. ticle. 3. Epidermis. 4. Scie-

renchymatous cortex. 5. Parcl}chyma'toﬁs c 6. Fibre cells. 7. Ring of Scleranchy-
matous cells. 8. Phioem. 9. Xyiem vessel. 18¢Tracheid. 11. Medullary ray. 12. Pith.

\

Secondary Structure of the Ste@: sSicondary growth in the trees and shrubby members of
" the genus is of normal type. A C8 te ring of vascular cambium consisting’ of fascicular and
interfascicular. strips is formed in the ususal manmer. It produces secondary phloem towards
the periphery and secondary xylem towards the inner side of the stem. The ray initials of the
cambium form xylem and the phloem rays in ihe secondary xylem and phloem respectively. The
amount of secondary wood produced is profuse when compared to that of secondary phloem.
~ The phloem elements consist of sieve cells, phloem parenchyina and albuminous cells. In some
species sieve tubes and companian cells are aiso present. Unlike Angiosperms, the companion’
celis and the sieve tube members are formed trom different mother cells. The sieve cells are
elongated, thin-walled with blunt or tapering end walls. The sieve areas occur-on the end walls
as well as the lateral walls. Phlcem parenchyma occurs in the form of distinct rows, alternating
with sieve elements. The cells are small, thin-walled, vertically elongated and devoid of starch-
contents. These cells of phioem parenchyma look tike companion cells, but they do not occur
in the same radial row. They have no connection with the sieve cells. Albuminous ceils may
. occur in radial files or scattered. They are associated with the sieve cells and have connections
with small sieve areas of adjoining seive cells. The albuminous cells are narrow with ovoid slime
bodies. These cells are with denser cytoplasmic contents, an ovoid protein body and dispersing
slimie. In G.ula phicem fibres are aiso recorded. ‘ : '

The secondary xylem consists of tracheidsxylem parenchyma and vessels. The tracheids.
are long cells with thick, lignified walls and narrow lumina. The tracheids have circular,
uniseriate bordered pits on their tangential and radial walls. The cells of xylem parenchyma
are thin-walled, simple pitted and with living protoplasts.” Vessels are a characteristic feature
of the wood of Gnetum. Thé vessels are made up. of eiongated vessel members, possessing
bordered pits. The end walls of vessel members are perforated. There may be a single row of
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perforations (G.africenum, G.gnemon} or -a single large simple perforation on the end walls
(G.ula end G.paniculatum) as in the angiosperms. There are also vessels in which the end
walls possess some pits that are closed.while others are perforated. This indicates a transitional
stage between the tracheids and vessels. The vessels in Gnetum originate by the dissolution
of the pit membranes, tori and borders ofthe circularly bordered pits at the end walls of the.

- tracheids (Fig. 3.3). In angiosperms, however, the vessels are formed by the dissolution of

the pit membranes of the scalariform bordered pits on the end walls of the tracheids. Thus,

. 'oritOgen'itically, the vessels of Gretum are quite different from those of the angi:osper-ms. :

Fig. 3.3 Nlustrations of the perforations8{the end walls of vessels in Gnetum africanum :
(AE). 1. End wall 2. Borg @ git. 3. End wall with large simple perforation. .

Tﬁe xylem rays ére‘broad,,multiseriate and of considerable height.. ‘Some t';imcs uni-and

bi-seriate rays are also observed. .The ray cells are thin or thick-walled, -radiaily enlongated,

often containing the crystals of calcium oxalate. In tangential section, the multiseriate xylem
. ) | .

-

rays appear boat-shaped. The ploem rays are also multiseriate. _ o )
The cork cambium or the phellogen generally arises in the epidermis and may not form a

\ complete layer around the stem. With the result there may. be many layers of cork and at other

places there may not be any cork layer. A strip of phellogen may develop in epidermal layer -
and another in the sub-epidermal layer, and: still another in the deep layers of cortex. These

strips may join laterally and form an irregular layer-of cork-cambium resulting in'the formation
. of cork and bark. - S , - . :

Anomalous (Eccentric) Secondary Growth in Stem | S ) .

- In woody. - climbing species of the genus such as G. 4la, G. africanum, G. latifolium and
G. montana, the secondary growth is normal to begin with but at a later stage successive rings
of cambium develops in the deeper layers of cortex resulting in the formation df anomalous

- secondary growth (Fig. 3.4.). These cambia cut-off secondary rings of phloem and )#ylcm. Broad

rays develop in the secondary tissue so that distinct wedge-shaped vascular bundles are seen.
The first ring of cambium stops functioning after some time. The second ring appears outside
the first ring.and produces a ring of secondary vascular bundles. These bundles are separated

by broad rays. Like-wise it stops functioning, and the third cambial ring develop external to

the second and produces the third ring of vascular bundies. The processcontinjucs forming
successive rings, sometimes these successive rings are.incomplefe and result in the formation of

39 eccentric rings.



Fig. 34. Anomalous sccondary growth in ts of Gnetum ule in TS,
1. Periderm. 2. Cortex. 3. Ring of sclgrotic Csde?” 4. Third ring of vascular
- bundles 5. second ring. 6. Firstring: 7. P%holem. 9. Xylem, 10. Cambium.
Check Your Progress -1 - R Q
Describe the anomalous secon@c')wth i_i} the stem of Gretum.

" Note: {a) Write your answer in.t'he space given below.
(b) Compare your answer With the one given at the end of the unit.
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3.42. Root _ | _ _
‘ Tihe yoimg root has conspicuous cortex made up of several layers of parcnchjzma cells. The
endodermis is distinct and filled with starch grains. The pericycle is made up of 4 to 6 layers of

parenchyma cells. The xylem is exarch and diarch, alternating with the plﬂocmfbundles (Fig.

_ Fig. 35. Young Root 6f‘Gneium in. T.S. showing exarch-diarch aylem. 1. Cuticle. 2.. Epidermis. 3. Coriex -
containing starch cells: 4. Fibre cells. 5. Endodermis. 6. Pericycle, 7. Phloem. 8. Metaxyiem. 9. _Pi—otoxylc_m.

The secondary growth is of normal type and is effected by a complete cambial are formed
- internal to phloem groups and external to the xylem strands. The secondary Xylem consists of
trachéids, vessels-and xylem parenchyma. The xylem rays are multiseriate and exclusively made _
.up of thin-walled cells. The cork-cambiuia develop from the outer cortical layer a;nd form the
periderm. C o - ‘ SR

5.4.3. Leaf

The leat’in Gnetum is dorsi-ventral with distinct upper { ‘dorsal) and lower (ventral)
_epidermal layers (Fig. 3.6). The epidermal celis have undulate walls and these of the Gpper
epidermis are heavily cutinized. The stomata are confined to the epidermis, but ai)scnt inthe
- regions of mid-rib and the veins. The stomatal apparatus is made up of two guard cells and two
subsidiary cells. The subsidiary cells are located parallel to the guard cells, ‘According tc Takeda

(1913) and Florin (1931), the stomatal development inGnetum gremon is of the syndetochelis - - -

type ie, the development of the guard cells and the subsidiary cells from the same mother cell.
34 - Maheshwari and Vasil (1961), however, siated that the development of stomata in G. gnemon



and G. ule is of haplochelic type ie., the development of the guard cells and the subsidiary cells
from different mother cells. . S - -

The mesophyll of the leaf is distinguishable into palisade and spongy tissues. The palisade
is single layered and consists of the elongated, columnar cells filled with numerous chloroplasts.
_ The spongy tissue consists of cells which are thin-walled, parenchymatous, loosely arranged,
containing few chloroplasts and large multicellular spaces between them. Thick walled, lingnified
_ and stellate sclereids are seen confined towards the lower side of the spongy tissue. Scattered
fibres with lignified walls eccur in groups around the midrib region. Some latex tubes are also
found scattered around the midrib region. The vascular region in the mid-rib consists of an
arc of few (up to 6) vascular bundles. The phloem lies towards the lower epidermis, whereas.
the xylem faces the upper epidermis. The bundles are conjoint, collateral and endarch. Each-
bundle has a capping of a patch of thick-walled cells. The phioem consists of sieve cells and
phloem parenchyma. The xylem consists of tracheids, vessels and xylem parenchyma.

Fig. 3.6. T.S. of the Leaf Gretum. 1. Cuticleg r 'piidcrmis. 3. Spongy tissue. 4. Stomata. 5. Lower epider-
mis. 6. Fibre cells. 7. Phloem. 8. Xylem. 9. stomatal cavity. 10. Sclereid. 11. Palisadc,tissue.'lg.'l_,atcx'dcll.f

35. REPRODUCTION - ¥

_ The sporophyte of Gnetum is dioecious and bear male and female reproductive organs on
separate plants. The reproductive organs are in the form of cones or strobili which are organiséd .
into panicle type of inflorescenes. These panicles may arise singly or in groups in the axils of
paired scale leaves. The panicles are 'in the axils of paired bracts which arise connate at their -
bases. o '

3.5.1. Male Strobilus .

1t consists of an elongated axis with a number of nodes and internodes. ,The,inter_no,d'es are
short. The nodes bear a number of scaly bracts in whorls. These bracts fuse to form a connate
ring-like structure calied the cupule or the collar. The number of collars corresponds to the
number of nodes. Often the aodes may vary from 10 to 25. Each collar at the node bears 3 to -
6 rings of male flowers and each ring with many male flowers(Fig.3.7.). Above the rings of male
" flowers, there is one ring of abortive female flowers (ovules). Rarely the male flowers in the
successive rings are arranged alternately as in G. efricanum. Oftcn the fernale flowers (ovules)
" in this ring may be fertile thus making the strobilus bisexual. :

The apical region of the cone is generally stcrilé. The male cone when young is cbmp_letcly
. enveloped within the basal bracts. As it matures the internodes elongate and the male cone
emerges out of the connate bracts. It is extremely compact at this stage.. . R '35



Fig. 3.7. Malc strobilus ot' Grnetum A. Male strobllus entire B. Slngle male ﬂuwcrcnlarged 1. Aplcal stcnlc re-
- gion. 2. Male ﬂowcr 3 Cupuleor Collar4 Anthcrsac 5. Stalk 6. Perianth. 7. Uniseriate multld-cllular hair.

Male Flower: The male flower is enclosed within a sheath-lig perianth (Fig. 3.7'B). It bears a
small stalk with two anthers at its apex. Each anther has 2\jpgle microsporangiu_rﬁ. At maturity.
the stalk of the flower elongates beyond the peiiar@d the two anther lobes are now visible
clearly outside the perianth. Thc male ﬂowers'a_r_e spersed by uniseriate _and multicellular
hairs. There is a much variation in thenumb?‘.anther lobes, In G. gnémonozfdes, the stalk

bears only one anther lobe, while i in G @ emon and G, africanum the number of gnthers :
on one stalk varies Erom two to four, o o
Chgck Your Progress - 2 @ |
What is a cupule? _ ' . o ' : o
Note: (aS Write yoilr.answcr in the sﬁéce given I'J'elow{ -

(b) Compare your answer with the on¢ given at the end.

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

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

. 3.5.2. Female Stmbllus

The organisation of the female cone is similar to that of the malc cone, cxcept that in this

case there is only a single ring of 4'to 10 ovules above the collar at each node { Flg. 3.8). The

- ovules themselves represent the female flowers. When young it is difficult to dlstmgulsh a-male
36 and female cone because of their close sumlanty in the development Du_rmg the: early stagcs



" of the development of the female cone, all the ovules borne on the cone are of the same size.
But as they mature some may grow bigger, while others remainsmallerandmayfall down. Only
a few of the ovules produced by the cone become seeds. The apical part of the cone may not
bear any ovules. s

Flg 33 Female strobill etum. A. Entire. B, Aﬁical part enlarged.
- 1. Sterile apical portion. 2. Collar. 3. Ovule 4. Cone axis. 5. Bract.

Ovule : It consists of a central mass of cells called the nucellus ( megasporangium). The
nucellus is surrounded by three envelopes. The inner enveiope grows beyond the middle one
and forms a narrow, cylindrical tube called the micropylar canal. The nucellus contains the
female gametophyte. A rudimentary polien chamber is also present at the nucellar apex. Out
of these three envelopes, the outermost one is called the perianth, the middle one is designated
~ as the outer integument and the innermost one is called the inner integument. This innermost
envelope often fuses with the nucellus at its base and is free above. The ovules are stalked in
G.ula (Fig. 39.) and are sessile or sub-sessite in others.

Morphyology of the Envelepes: The morphology of the three envelopes. of .'G'netum ovule has
been interpreted variously. ' : . N :

Strasburger (1872) regarded them to be the three layers of an integument. Beceari (1877}
later supported this theory.. Chamberlain (1936) cencluded _thdt the inner two envelopes are
the outer and inner integuments and the outer envelope is the perianth, This view is accepted
by many workers. Van Tieghem (1869) considered the outer envelope as an ovary (or analogous
to ovary) and the other two were regarded as the two integuments. Lignier and Tilson (1912)
and Thompson (1916) regarded the inner envelope as an ovary and the outer two as perianth
lobes. This was subsequently supported by Vasil (1959). ~

N
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| 3.5.4 Mlcrosporangmm

~ The hypodermal cells of anther lobes metamorphose to form two archespotial cells. 'I'he _
repeated divisions of the archesporral cells result in the formation of ‘many celled archesporium. )
The cells of the outermost layer i in the archesponum tissue divide perlclmally to form a layer
parietal cells and the inner layer of sporogenous cells. The: parietal layer undergoes another -
periclinal division to produoe an outer wall layer and inner tapetal layer Thq sporogenous
cells undergo a few divisions to form the microspore mother cells. The mlcrospore mother

cells undergo meiosis resulting each into four haploid mlcrospores in the form ofa tetrad. The - .

microspores are uni-nucleate, enveIOped by thlck spmy exme and a thin intine. Itis wmgless The
dehrseence of the anther sac’ wall releases the mlcrospores or pollen grains into the atmosphere

355, MaleGametophyte e e _3‘

Mlcrospore or pollen grain is the structure of the male gametophyte. It is urunucleate and o
spherical in outline. The wal layers are composed of an outer spiny exine and i ter thin intjne
layer. The pollen grain matures partly before it is released into the atmospheré. It; is released at -

"~ 3 nucleate stage. There are varrous views regardmg the nature of the three nucle1 of the male . -

7 gametophyte

* Pearson (1914) studied the development of malc gamgphyte (Fig. 3.10A) in G.gnemon
and G.africanum. He calls the thiee nuclei as the proth{igh tube and generative nuclei. Of

- these, the prothallial nucleus plays no role in the 'h@development of the male gametophyte
erate, : ‘ ‘

and never enters the pollen tube and often it may

) Flg 3.10. Dlagrammaue dlustranon of ‘the three prevalent views regarding the developmem of\Male
gametophyte A, Pearsons view. B. Thomsons view. C..Negi and Madhulatas view. 1.. Genera-
: twe nucleus. 2. Tube nucleus 3. Prothallial nucleus. A Male cell. 5. Stalk eeil 5 Bod§r cell



The 3-celied pollen grain.now lodged in the pollen chamber of the ovule germinatcs further .
by producing.a pellen tube out of intine. The tube nucieus migrates first followed by the
generative nucleus. Subsequently the generative nucleus divides into two male nuclei or male’
gametes. - S

Thompson (1916) studied the development of male gametophyte in G. gnemon.and concluded -
that the microspore nucleus divides directly into two nuclei, the tube nucleus and the generative
nucleus. No prothailial cell is formed in the male gametophyte as in angiosperms (Fig. 3.10B).The
generative nucleus divides to form the stalk and body cells. Of these the statk céll is retained
in the microspore and will never move into the pollen tube. The body cell move into the potlen
.tube and divides again into two male gametes. . - :

The recent view, stated by Negi and Madhulata (1957) (Fig.B.IOC) from studies on Gnet_um
ula and G.gnemon, is as follows : The microspore nucleus first cut off a small fenticular nucleus.
Later, this will develop a sheath around it and is retained in the body. This is the prothallial cell.
This may often degenerate taking no part in thé further development of th;’ gametophyte. The
Jarge nucleus undergoes further division to produce a tube nucleus and a generative nucleus.
‘The tube nucleus will move into the pbllen' tube followed by the generative nucleus. The latter '
will further divide into two male gametes. This view is widely accepted by many workers.

3.5.6. Female Gametophyte

The four nuclei of the coenomegaspore unépezftéd free nuclear divisions resulting
in 256 (G.gnemion), 512 (G. africanum) 00~(G.ula) free nuclei (Fig.3.10° A-F). Except
one, the remaining developing femaie gamet hytes de‘generait'c. The free nuclei of the female
gemetophyte cccupy parietal "positin@pg a large cential vacuole. Cell walls are formed
between the nuclei at the chalazalend oghe female gametophyte, and-this parf become celiular. '
But the micropylar end contin@- show only free nuclei. Thus the gametophyte is partly
cellular and partly nuclear (Fig3.¥). Gnetum does not possess any. archegonia. Some of the
- nuclei at the micropylar end of the female gametophyte become larger and function directly as
eggs, ‘ : > '

In G. ula it Was noticed by Vasil (1959) that a few smatl groqpé of cells are differentiated
a’c the micropylar end of the female gamgtophyte and one cell in each such group functions as
the egg. ' ' )

3.5.7. Pollination

It is of anemophilous type. The pollen grains released into the atmosphere are carried away
by the wind and are caught in the poilen drop produced at the micropylar end of the ovule. As
the polien drop dries up, the poilen grains are gradually drawn in and are settled in the pollen
chambesr for further ﬁevelopment._ As a tule 2-4 pollen tubes reach the female gamétophyte but
ultimately only one would be successful in fulfilling the act of fertilisation. The others abort. -

3.5.8. Fertilisation

7 The. pollen tube germinates, pieices the female gemetophyte and reaches the egg cells
present at the micropylar end. The tip of the pdiicn tube bursts releasing the male gametes.

- One. of which fuses with the egg celf to form the zygote. Both the male gametes are functional
and can fertitise two eggs. Many zygotes, could be seen in the femhlé\gehletophytc. S



40

showing five nuclc‘ar'divisions (A-F). 1. Femyfle gametophytic cpli. 2. - Free nu-
clei. 3. Vacuole. 4. Cytoplasm. _ le gametophyte. 6. Coenomegaspores.

359, Endosper:h %

After fertilisation the upper part of the female gametophyte too becomes céllular so that
the whole of the gametophyte is now cellular. This may be described as endosperm. Gnetum
resembles the angiosperms in that the endosperm formation is completed only after fertilisation,
However, it should be noted that in Gretum all the female gametophyte nuclei participate in the
endosperm formation, where as in angiosperms only two polar nuclei of the female gemetophyte
{embryosac) take part in endosperm formation.

Fig. 3.11. Early stages in the devclopment%ém:le gametophyte of Gnetum ula

3.5.10. Embryogeny:

The development of embryo in Gnetum exhibits variation in various species. | Vasil ( 1959)
studied the embryogeny in G.ula. There are no free nuclear divisions in the earlyiembryogcny
The zygote in this species divides into two cells by wall formation (Fig.3.12 A-E). These two
cells elongate consxderably to form tube-like structures. One of the two tubes divides into two -
to three cells. These tubes are called primary suspensor tubes. These are varlously coiled.
The top of the tubes become dense. Some of these tubes penetrate deep into the tissue of

‘the endosperm and some pierce through the female gametophyte. Majority of the tubes grow

down into the centre of the endosperm. Many of these tubes degenerate or stop branching
further. -Tt takes about six or seven months time for the zygote to reach this stage. Later, the
nucleus at the tip of the primary suspensor tube divides into two unequal nuclei. The smaller



‘nuclens is cut off from the rest of the tube by a cell wall, This is called the peculiar cell. This
peculiar cell underoes division further periclinally into two celts which lie one above the other.
The second division results in the. formation of four celis. Yet another division results in the
8-celled condition. further divisions are irregular and a’ mass of tlssue ( embryonal cells) is
formed. This mass increases in size by further repeated divisions. The cells towards the tube
increase in size and form elongatecl secondary suspensors. The cells of secondary’ suspensors
are thin-walled, uni- nucleated and vacuolated. The cells at the top remain small with dense
cytoplasmic contents and develop into embryo proper. Now the primary suspensors cease to
elongate while the secondary suspensor cells start elongating which push the embryonal cells
deep into the endosperm tissue. -

4

o

Flg 3.12. Development of cmbryo in Gnetum uls. A. LS. of the Ovule of Gnetum. B-
G. Various stages of cmbryonal development. 1. Micropyle. 2. Inner envelope. 3. Pollen
chamber. 4. Nucellus. S. Embryo sac. 6. Zygote. 7. Pavement tissue. 8. Primary
suspensor. 9. Two celled primary suspensor. "10,- Bmbryo. 11. Secondary suspensor.

The stem tip is differentiated at the end of the emnbryonal mass. It is surrounded by two
eotyledons that develop between the stem and the root tips and becomes distinct. It is called
the feeder. The feeder shows dlstmct epldcrmns cortex and vascular tissue. There is a distinct
hypocotyl which is consplcuous in thc earher stages and soon it is superseded by the fast growmg

~ feeder. Meanwhile, the SUSPENSOrs shrivel up and look hke fine threads attached to the root tip. 41



'Polyeinbryon‘y is the norm in Gnetum as large number of zygotes starts developing into
embryos. More over each zygote produccs many tubes and the t1p of each tube develops intoan -
‘ cmbryo Secondary suspensors may also give rise to addmonal embryos. Somcnmes, the primary -

SUSpEnsor tubes may produce more than one mass of emblyonal cells at its tip. Ultimately,
however, only one- embryo which grows faster- than the others attains matunty and is fully
. -formed. The others abort. : : -

" 35.11. Seed

, The seed conmsts of three layers. The outer layer is green and sticculent. The middle
" layer is stony, ‘and composed mostly of sclereids and fibres. The inner layer is parcnchymatous

_This layer forms the micropylar tube. The cells lmmg the micropylar tube are hoawly cutinized.
These three laycrs enclose the massive endosperm in which lies the dlcotyledonous cmbryo

. ‘The seed germinatlon is of epigeal type ‘First the root tlp comes out of the seed coat _
“elongates and grows down into the soil. Then the hypocotyl elongates, pushes the cotyledons

_ out of the seed coat and then carries them above the soil. The feeder remains within the seed
The cotyledons form the first green leaves. Now the plumule grows and produces the first paJr
of foliage leaves at’ right angles to the cotyledons (Fig.3:1 . The cotyledons soon wither off. -

. Fig, 313 Gcnnmanonofseedm Gnemm. 1. Follagc leal. z
”Cotyledonary leaf. 3 Hypocotyl. 4. Seed coat. 5. anary root ‘



Fig, 3.14. Life Cycle of Gnetum (Diagrammatic).

3.6.. ECONOMIC IMPORTANCE -

" The sgéds‘of G.ula, G.gnemon and G.latifolium are roasted and eaten. “In Malaysia, the
* plants of G.gnemon are cooked as vegetable. The fibres seen in the bark of this species are used
in rope making. The kernels of G.ula yield an oil which is used as a massage oil in rheumatism
and also for illumination purposes. The plant of G.montanum is used as a good fish poison.

3.7. SUMMARY

The species of Gretuns are woody climbers, trees or shrubs and are found in moist tropical
forests. The leaves of Gretum are simple, pinnately reticulate and show striking resemblances
with the leaves of dicotyledonous angiosperis. The xylem is characteristic in the possession
of vessels with simpie perforations as in many angiosperms. The -plants are dioeciops. Each
male flower is with a distinct pesianth and a stalk terminating in two microsporangia. The
ovule represents the femals flower and shows three distinct envelopes, the outer. considered as
pertanth and the inmer twe of the nature of integuments. The inner envelope becomes very 43
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‘much prolonged to form a long mioropyle. The embryosac is of the tetrasponc type and there
are no archegoma as in anglosperms. : .

3.8. CHECK YOUR PROGRESS ;'MODEL ANSWERS A

" 1. ‘Anomalous secondary growth in Gnetfur takes plaoe due to the formatlon of successive
rmgs of cambia in the deeper layers of cortex.. The ﬁrst nng stops functlomng after sometime
i.e., after the production of a ring of vascular bundles, and the second ring appears outside
the first ring and produce another ring of vascular biindies: Due to the separatlon of the

- vascular tissues with broad rays they appear as wedge shaped vascular bundles. In a similar
way | several such cambial rings appear and cut off several rings of vascular bundles.

Male strobllus of Gn.etum consnsts of an elongated axis with several nodes and 1nternodes.-

‘Several scaly bracts are present in whorls at.the nodes. All these bracts fuse with one
' another and form a cup-like structure called cupple or collar.

3.9 MODEL EXAMINATION QUESTION S

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

1.
2.
3

4
5.

2
3
4
3

44

Describe th'e internal structure of the stem of gne Wlth the help of a. dlagram
Describe the male strobilus and male ﬂovg Gnetum with the help of a diagram.

With a well labelled diagram describg the Mefphology and anatomical feamres of the
ovule of Gnetum. :

Discuss in detail the male anl@ﬂﬁ gametophytes in Gretum.
Discuss about the devel t of embryo in Gnetum. -
- IL: Answer the following questions in -about 10 lines each.

1

With the help of a dlagram describe the mternal structure of an young stem of Gnetum. .

Write brleﬂy about the anomalous secondary growth in the stem of Gnetum.

'erte briefly about the internal structure of the root of Gnetum. =

Write a brief account of the mternal structure of the leaf of Gnetum. . |

) Discuss in detail the various views regardmg the morphology of, the three envelopes
of Gnetum ovule ' - ‘ ‘

Wnte briefly about the various views regardmg the nature of the three nucle1 of the
male gametophyte of Gnetum. ‘

Write briefly _about-the pollination & fertilisation in Gnelum.
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4.1. OBJECTIVES . Q‘ ’

By the end of this Unit you v ble to:

1. define and differentiate the petnfactlons and 1mpress,on fossils; form genera and organ -
genera, T T .-

2. recognise the reasons for giving dlfferent names for the stems, leaves and male and female
flowers of Lyginopteris and Wzﬂmmsoma, ) =

3. draw the figures and describe the external features, the trunks and the structure of the stems ‘
of Lyginopleris and Williamsonia and

.4 dlstmgmsh between the male flowers and female flowers of Lygmoptem and Wdhamsoma '

42. INTRODUCTION

" The gymnosperms are well known for their extensive and fascmatmg fossnl hJstory Many
of the orders of gymnosperms are represented only as fossils. To this category belong the
Pteridospermales, Cordaitales, Cycadeoidales (Bennettitales) etc. Our ‘knowledge of these
extinct plants is based upon the study of their diverse fossil remains. Of the various types of
fossils the structurally preserved fossils called petrifactions are more important and significant
as they provide information on the anatomical details of the plants. The gross morphology of
the plants, however, is obtained from the impression fossils.

It is unusual that an entire plant (excepnons are provided by some microscopic algae etc.)

_ is preserved with all its components intact. As a rule, various parts of the plants like stems,
leaves reproductlve structures etc are detached from each othér during fossilization and are
then preserved as mdependant enntles These mdmdually preserved components are described
under different form genera or organ genera dependmg upon their known or unknow botanical 45
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affinities. The fossil gymnosperms are no exception to this ruie. Qur knowledge of these plants L
is based upon a critical comparative morphological and anatomical stidies-of various defached
fossil specimens of stems,roots, leaves and reproductive organs in constant association. Some
lucky discoveries of fossils share organic connection between various parts.. . e

-'_The fossil gymnosperms in the present syliabus are re‘preéented by _i)ne example in each of '
the Pteridospermales and Bennettitales (Cycgdeoidales). : ' '

43. LYGINOP TERIS o - Class - Cym‘dopsiha

o S Order - Pteridospermales
Family -'Lyg'it_loptréridaceae' '
Genus - Lyy'inblptf:ris‘- S

The order Pteridospermales was formally instituted by Oliver and Scott (1903). The
' Pteridospermales include the most archaic seed-bearing plants showing similarities. with ferns
on one side and the cycads on the other. The Pteridosperms first appeared in the Lower -
Carboniferous age (about 350 million years ago). They attained the peak of their development
during the Upper Carboniferous and -Permian (about 280 million years ago)- periods when-
they constituted one of the dominant elements of the then Euramerican coal swamp floras.
* This order was represented in the Triassic period of Mesozoic Era by the families, such’ as
Pteridospermaceae, Caytoniaceae etc. Some time during the Jurassic period (about 200 million
years ago) it disappeared. ' D I )

The distinguishing' charé}ctcrs of Pteridospe ﬁ are as follows: i) The 'leaves are very
large {megaphylls), and they are of the na f fern fronds, ii) the leaftraces are either single -
or of several strands, iii) the primary xylenh#trdnds are usually mesarch, iv) stems are with-
a solid or medullated protostéle or ced¥to circummedullary strands (vascular bundles);
sometimes polystelic, v) secondary gr 1% common and the secondary wood is. manoxylic, vi)
seeds are borne directly upon | i) the microsporangiate organs are often in the form .
‘ ofsynangia." _ ' , ' . ~ C S

_ The following eight families are usually included in Pteriddspef_malés.

‘1. Lyginopteridaceae.” 2. Meduliosaceae. 3. Callistophytaceae 4. Calaxﬂopityacéae.. 5.
. Glossopteridaceae. 6. Peltaspermaceae. 7. Corystospermaceae. 8. Caytoniaceae. T
Of these, the first four families are confined to the Palacozoic Era They represent the -

Palaeozoic Pteridosperms. The last four families are either confined to Mesozoic Era or extend -

. from the Late Palacozoic to Mesozoic and constitute the Mesozoic Pteridosperms. l

, The members of the _familj_ Lyginopteridaceae are preserved in the fo,rmiof impressions, -
- compressions or petrifactions. They are represented by the stems, leaves, pollen-bearing organs -
and seeds. _ o ‘ ; I R o
Stems: Lyymopteﬂa,ﬂetemngmm .
" Leaves: Sphenopleris ‘
) Seeds: Lagenostoma, Sphaero;:toﬁa.- : _
Pollen-bearing Organs:. Croasotheca, ﬁlangium .

The bestknown memberof thefamtlylsLygmoptem oldhamia. Thie nm‘nc 'Lyginogtqﬂ;s

- was orginally applied to the stems in detached condition. It is now, however, referred-to. the

. entire plant. Foliage and seeds referable to this genus are known more or less definitely. There
. is some degree of uncertainity with regard to the Pollen-bearing organs. -~ * -~ " '



43.1. External F_‘eatures

Lyginopteris oldhamia (syn. Culymmatothece hoeninghausii) is known abundantly from
the Lower Carboniferous Coal fields of England and has also been recently discovered. from
America. In general habit, Lyginopteris resembles a woody liana or 2 straggler. The stem is
slender, 3-4 cms in diameter and bear adventitious roots. The leaves are largc,frond-like,spirally .
arranged and upto 0.5 meter long. Prominent glandular hairs are seen on all parts of the piant
body excepting the roots (Fig 4.1). : -

Fig, - 41 Twig of Lyginopleris oldhamia. 1. Young leaf showing circi-
nate verpation. 2. Vegetative com.pﬁungi leaf. 3. Stem. 4. Microspo rophyll.

432. Internal Structure of -the_'St_em

The stem of Lyginopteris oldhamia (Fig 4.2) is more or less circular in outline. Next to the

" epidermis is a fairly broad cortex which is divisible into two zones ie., the piter cortex and the

inmer cortex. The outer cortex is characteristic of the genus as it consists of vertical nétwork

of anastomosing fibres, with thin-walled parenchyma In the lumina of the meshes. This type of
cortex is designated as Dictyoxylon cortex. In cross section these anastomosig strands of fibres
simulate “Roman Numerals™on the face of a clock. The inner cortex consists of parenchymatous
cells. Next to the cortex is the pericycle with thick walled cells, often filled up with dark contents.
The stele is a eustele, with 5 10 8 conspituous, conjoint, collateral and mesarch primary vascular
bundles surrounding the pith. A strip of cambium is also seen sometimes in each bundie in
between the xylem and phloem. The pith is made up of parenchymatous cells and they are

intermingled with groups of thick-walled cells, the sclerotic nests.

Secondary thickening is a common feature, but only 2 limited quantity of secondary wood is
produced. The wood is masnozylic and it consists of large thine walled tracheids and multiseriate
parenchymatous rays. ‘The radial walls of the tracheids possess numerous irregt(xlaﬂy aligned,
multiseriate and angular bordered pits. Secondary phloem is often seen preserved and can be
traced immediately outside the secondary Xyiem. S

-
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Fig. 42. TS. of the stem of Lyginopleris gigha showing secondary
structure . 1. Ouier cortex {Note the Dictyoxylon‘sgrtgh). 2. Primary wood.
3. Secondarywood. 4: Innercortex. 5. Pit lerotic nests. 7. Leaf trace.

The leaf trace orginates as 'a'.s,'iriglerstf the tangeltia'l-‘spl-itting of ‘a primary vascular
bundle and divides into two as it passes thro e tortex. But ultimately, the two bundies
-unite again to form a single V-shaped e atthe base of the petiole. . '

Check Your Progress -1 & 2 \
1. What is dictyoxylon cortex ? % _
2. What are scelerotic nests? - L : o .

Note:  (a) Write your answers in the one given below. o
(b) Compare your ansyvers'with those given at- the end.

P N RN R R R RS

R R L L T T T T A

..... R R L R O T T IS S,

R S I I B T

e i I R T

...ooo...o-v--------..-u.oo.---..----...o.o..-r.---...iun.,.--{-hr--.gunqg--]---1......

L I T T

L N N R T e

48



433. Reproductive Structures

" The seeds (ovules) referable to Lyginopteris are borne in cup- like protective sheaths called
cupules (Fig. 4.3). The cupules bear characteristic,capatite glands similar to those on the young -
twigs and fronds and thus are clearly affiliated with the latter. During the recent years the gland
studded cupules have been found in organic connection with the twigs of Lyginopteris,

The seeds (ovules) of Lyginopteris oldhamia in detached condition are known as Lagenos-
toma spp. They were originally described by Oliver and Scott (1904). The seeds are small (5.5
X 4.2 mm), barrel-shaped, radially symmetrical and orthotropous. Though the seeds were borne
" in cupules when immature,the mature seeds. appearto have been shed these cupules. :

* The integument of Lagenostoma lomazi is ‘massive and consists of an outer thick-walled
" zone, the sclerotesta and an inner thin- walled zone,the sarcotesta. The integument is completely

fused with the nucellus except at the extreme tip-of the seed. The nucellus is prolonged into a
flask-shaped stfucture,the lagenostome, that projects into the micropyle. The lagenostome of
the nucellus consists of a central solid'(;ol_umn,_gf tissue .all around whichis a narrow annular

cavity, the pollen chamber(Fig 43 BC).. ..~

Fig. 4.3. The seed of Lagenosioma lomazxi enclosed in 2 cﬁpulé (Note' the occurance of glandu- '
lar hairs on the cupule). B. LS. of the ovule of Lagemostoma lomazi. C. Entarged ‘upper por- PV
‘tion ‘of the ovule of the same. 1. Cupule. 2. Glandular ‘hairs. 3. Seed. 4. Micropyle. 5.-

_ Lagenostomie. 6. Polien chamber. 7. Femaic gameiop yte. 8. Vascular supply. 9. Scle-

" rotic cucellar flask. 10 Integument. 11. Pollen grain. 12. Membrane of the female gametophyte.

. InLagenostoma oveides, Long (1944) described well preserved prothallus with archegonia
 at its micropylar end. In all probatility the polien grains germinated within the polien chamber, -
- and liberated the sperms, which fertilized the eggs of the archegonia in the same manner as in



The Pollen-bearmg organs of the Lygmoytem are beheved to be of the Cmssotheca type
‘So far, no organic connection has been discovered between Crossotheca and the twigs of
=_Lygmoptem Telangmm is another Pollen-beanng organ referab]e to Lygmaptens B :

: Crossotheca hoenmghausu (F1g 44) is a pll‘l @ ranched mlcrosporanglate organ The
_lateral branches (pinnae are. spatulate and bear@ymerdis bllocular,pendant sporangiaunderneath
their dilated portion. Most. of the Cmasothec;%mens have been found in organic connection

Cueck Your P—rogress -3 ‘ T Q~ -
tht isa Lengenostome 7 @ ‘
Note: ~(a) Write your answer in the ; ‘space glvcn below _

b) Compare your answer with thc one glven at the end of gus umt

with Sphenoptens fronds.

--------------------------------------------------------------------------------------------

CEa sttt sttt e s a s is s et a sy R R R R T s
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44. WILLIAMSONIA . = = . ~ Class’ : Cycadopsida
S o ' S T - Order . : Bennettitales ‘
| _ . S o _ (Cycadeoidales)
coo D T e T Family: 'Willlamsondaceae

Genus : Wzllmmsoma

e The order Bennettrtales is another extmct group of gymnospcrms included i in the; syllabus

" The members. of this group are almost exclusweiy conﬁned to the Mesozoic Era and attained
their peak of deveIOpment during the Upper Jurassic Cretaceous age. The 1mportant characters'
50 of Bennett1tales are as follows : 1. Stems are upnght stocky, columnar or slender branchcd



and ensheathed generally by rhomboidal leaf basses and ramental hairs. The stems are eustelic.
2. Leaves are mostly pinnately compound. 3. Reproductive structures, described as flowers, are -
bisexual {Cycadeoides) or unisexual (Williamsonia ) and show broad similarties with flowers of
Magnolia of angiosperms.” 4:-Flowers with prominent receptacle (or thalamus) bearing ovules
and surrounded by microsporangiate organs. 5. A whorl of perianth-like bracts protect the
essential organs. S ~

The order includes three families viz, 1. Wielandiellaceae, 2. Wiiliamsoniaeeae and 3.
Cycadeoidaceae. ‘ . L ‘ e '

The members of the family Willismsoniaceae are with columnar, sparsely branched trunks;
the flowers are borne terminally on short lateral shoots. The stem is ensheathed by rhomboidal
_ leaf bases and ramental hairs. The leaves are pinnately compound. The flowers are unisexual.
. The family is best represented in the middle Jurassic - Cretaceous period of the Mesozoic Era.-
~ The following are the various genera in detached condition. ' - :

Stem : Bucklandie - .‘ ,

Fronds : : Ptilophyllum, Plerophyllum, Dictyozdnii:tqa,'-' Gtozamites etc.
" Male Flowers -~ : Bennettistemon, Weltﬁchid, Williamsonia®

Female Flowers : Williamsonia, Bennetticarpus etc. '

The name Williamsonia Was originally applied, to“the flowers in detached condition."
Subsequently, however, it has come to represent the e plant. The best known species
" of this genus is- Williamsonia sewardiena descril Birbal Sahni (1932) from the Jurassic of

Rajmahal hills, Bihar, India. Sahni gave a recon: n of this plant, which more or less 100k

like a modern cycad (Cycas). ?\
44.1.- External Features Q., .

Williemsonie sewmﬂiana%iﬁ, A)has a columnar sparsely branched trunk of 2 meter
tall. The main trunk términates i crown of pinnately compound leaves. The same is the case
with the short, stumpy lateral shoots. The trismk is beset with thomboidal leaf bases. The leaves
are. of two types : simple scale-like more or less pointed leaves, and pinnately compound foliage
leaves. - . : . E A .

' The leaves in detached condition are called Pilophyllum (P.cutchensis). The Ptilophyllum
leaves are common fossils of the Jurssic -Lower Cretaceous deposits in various parts of India, -
such as Rajmahal hills in Bihar, Kutch in Gujarat, Pranhita- Godavari, Krishna basins in Andhra
. Pradesh, Cauvery -and palar basin of Tamil Nadu etc. The Pinnae (lcaf-lets) are attached to
the upper surface of the rachis by their entire bases (Fig . 4.5 B). Each pinna is with an entire
margin, blunt to pointed apex and many paraliel veins. : o :

442. Internal Structure of the Stem

. The stem in detached condition is called Bucklandia. In cross section the stems of
. Williamsonia sewardiana is some what circular. It shows a broad pareénchymatous cortex with
secretory cavities. The pith is narrow and parenchymatous. The primary vasculature is in the
. form of a ring of conjoint, collateral, endarch and open vascular bundles around the pith. The
~adjacent bundles are separated by broad parenchymatous medullary rays. The secondary wood
" formed is, fairly extensive. It is pycnoxylic (unlike the wood of the other Cycadopsida) -and
consists of compact tracheids with scalariform to circular bordered pits on their radial walls.”
.The circularly bordered pits are multiseriate and opposite. The xylem rays are mostly one to-
two seriate. S o R T 51
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Fig 4.5. Wzﬂmmaoma A Reconstructlon of Wl"tamsoma sewardmﬂa (after Sahm)
B. Part of Ptolophylium feaf. C. Male flower of thlmmmmn spectabilis (after Wieland)
" D.Male flower of Wzﬂmmsoma santalensis (After Sltholcy and Bose 1, Vegetative
) compound Icaf 2. Female shoot. 3 Late;al branch 4. Rhombmdai lcaf base. 5. Trunk.

443 ReproductiveStmctures T

. The ﬂowcrs are umsexual and the Wsllmmsoma plant is presumably dloecrous In Wzlfmmso—'_' .
nia sewardmna only female flowers are known. ‘Male Tflowers of Wszmsoma, however, have .
been déscribed under different species. The femaje ﬂowers in W. aewam!m naare borne termmally

,on the short Iateral shoots, -

Female Flowers: The fcmale flowers of Williamsonia sewardiana and W. gigas (Fig.4.6: A;B)' -
possess a prominent conical ‘or pyramidal receptacle surrouded by simple pcnanth -like bracts

" with many ramenta. Placed on the receptacle in'close spiral are the stalked ovules intermingled B

‘with sterile interseminal scales. ‘The’ tip of the receptacle is generally naked. There is ‘a géneral’
“resemblance of the flower of Williamsonia with that of- Magnolia of the angiosperms. The
ovule piaoed on a rather elongated stalk is with the nucellus fused-with the mtegunk ent.: The
' mtetsemma! scalcs are with fleshy éxpanded tips that are tight fitted forming a protective'covering
'jw1th nimerous. small pores through which the mtcropy’les of the ovules project outside: - ~The
lntcrsemlnal scales are. usually ctmsxdered 4s homologouis to the stalked: ovules. . Williamsonia

 scotia, W. indica and W. inezicana aré some ‘of the other female flowers of this: genus T‘nc S

52 seeds of Walhamsoma are dicotyledonous and endospermlc. -

~ .



Fig, 46. Williamsonia gigas. ALS.of Ovuliferous flower of Williamsonia gigas. B.A. floral bud of the same

Male flowers: Williamsonis includes many species based on male flowers,the important ones of _

which are W. spectabilis and W. whitibiensis. There is another significant species W. santalensis

described from the Rajmahal hills ‘of Bihar in India by Sitholey and Bose.(1953). This is now

called however as Welirichia santalensis {fig 4.5 D). In Williamsonia spectabilis (Fig 4.5 C)

the flowers are stalked. There is a whorl -of microsporophylls which are more or less united -

structures with two rows of synangia on each branch, INWilliamsonia whitibiensis the male
flowers are sterile and synangia are borne in two rows y on the adaxial (inner) surfaces of
" the micresporophylls. The microsporophylls as j spectabilis are united proximally to form
abasal cup. . . L, o

basally to form a cup. The microsporophylls in this sp jes are somewhat pinnately branched
l&l IS

Finally it may be interesting to note-?ﬁ'mong the various cyéadeoidéan families it is

" only the Williamsoniaceae that is f abuhdantly in the Indian Juiassic- Lower Cretaceous

deposits. This family constitutes one € Gominant elements of the Jurassic-Lower Cretaceous

- flora of the Indian subcontine% '

Check\_’our ngfesé -4 . : ' ,
" To which .part of the blant the name .Willidwy::aoﬁia was hﬁp]ied for the first time?
. Note : (a) W?itti! your answér in the space given ﬁéfow. 3 ' |
{(b) Compare your answér w1th the one giircn ét th;: enq. .

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

45, SUMMARY .~

The gymnosperms have extensive fossil hisiory. _ This unit deals with two important
fossil gymnosperms,Viz., - Lyginopteris referrable to Pteridospermales ‘and Williamsonia, t0
- {ycadeoidales. - - - S S

The slender stém'_of Lyginopteris is custelic with a ring of mc_sarch vascular bundles. The
outer cortex of the stem-is with a charachteristic net work of fibres, which in cross section

resembies Roman Numerals, The leaves known as_Sphenopteris hoeninghausii in' detached-

‘condition, are large frond-like with pinnules irregularly lobed and dichotomously veined. The
seeds {ovules) designated as Lagenosioma are small, radially symmetrical, cupulate and a with

53
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characteristic pollen chambcr The polien bcanng organs known as C'mssotheca are pmnate
structures with abaxial pendant mlcrosporangm o

‘ Wzlhamaoma shows -a columnar or sparsely branched trunk The main trunk and thc
branches possess a crown of pinnately compound. leaves, kniown as Ptilophyllum in detached

condition.  The stem is eustelic and the wood is pycnoxylic. The reproductlvc structures are = -

unisexual. The female flowers possess a prominent receptacle on which are borne the ovules
and interseminal scalés. At the base of the receptacle is a whorl of bracts. The ‘male flowers

. bear a whorl -of pinnately branched or simple microsporophylls fused proximally.

46. CHECK YOUR PROGRESS : MODEL ANSWERS .

1. The cortex of the stem of Lygiuopteﬁs is divisible into outer cortex and inner cortex. The
. outer cortex consists of vertical network of anastomosing fibres with thin walled parenchyma
in the. lumina of mcshcs. Such type of cortex is called -dictyoxylon cortex.

2. Thc plth of the stem of L—ygmoptmm consists of thin walled parenchymatous chls The

cells are mtcrmmgled with groups of thick walled cells called sclerotic nests.

3. The nucellus in the ovule of Lyginopteris prOJects l1ke a flask shaped structure into the
_ m1cropyle Tlns is called Lagenostome : .

4. To the flowers in detached condltlon the name thhamsoma was ongmally apphed

47, MODEL EXAMINATION QUESTIONS\)

L Answer the following questlons in about 3 llh.

1_. Give an account of the vegetatlve af?‘roductive features of Lyginopteris.
m3onia.

-2, Write a detailed account on % ; i
IL Answer the following questio 10 lmw each
1. Write briefy about Lagon ma ‘

Give a brief account of Crossotheca.
Write a detailed account on Ptilophyllum.”
Write briefly about Williamsonia.s -

Write a brief accont on the order: Bennettitales.

AR T T

Give a brief account on the order Pteridospermales.

4.8. GLOSSARY

Y

Aperture - . A thm area in the exine. of the spore or pollen gram '
. Carboniferous ' S Ecological period {after Devoman period) of the Palaeozoxc
) : Era.
" Compression ‘ + 2'The compresscd remai'ns of the plants of the past, posscssing
- thin carbonaceous films of the original.organi_c matter. .
Cretaceous - ' : The youngest géological period of the Mesozoic Era.
quonian ' TA gcologlcal pcnod of the Palaeozoxc Era. .‘
:Dista'! facet _ ": The 51de of the pollen gram away from the centre of the -

tetrad.



Eustele

i Fossils

Impression
Mesozoic Era

Palaeozoic Era
Permian -

© Petrifaction
Sulcus

Triassic

- An advanced type of stele feund in seed plants,consisting of

a number of conjoint, collateral and open vascular bundles

surrounding a central pith.

. The remains of organisms of the past, may be of plants or

animals, preserved in the earth’s crust by natural agencies.

A majof division of the geological time scale younger to the

Palacozoic Era.-

: An earlier major divisio:; of the geological tilme' scale,

: The uppermost geological pcfiod of the Palaeozoic Era.
A st?ucturglly preserved fbssil., 7

: A longitudinal furrow on the distal, facet of the pollen grain.

: The lowermost gcologica] period of the Mesozoic Era.

L .

: An imprint of the original pia‘nt material preserved in the
“sediments, where there are no traces of organic matter.
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UNIT - 5 : THE CELL WALL
Contents o
" 5.1. Objectives
5.2. Introduction
'5.3. Classfication of Wali Layers
5.3.1. Middle Lamella -,
5.3.2. Primary Wall
5.33. Secondary wall
5.4. Components and Structure of the Cell Wall
‘ 5.4.1, Orientation 'of Microfibrils
5.4.2. Speciatised Cell Wall Components
- 5.43. Growth of the Cell Wall
5.4.4. Intercellular Spaces ’

_ 5.4.5. Plasmodesmata
5.4.6. Primary Pit fields

547, Pits S -
5.5. Formation of the Wall . - .
56. Summary : O

577. Check Your Progress: Model Answ
5.8. Model Examination Questions -

5.1. OBJECTIVES % E |

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

1. draw the struétute and label the various parts of the cell wail,

2. list out the general and specialised components of cell wall,

3. describe the orientation of microfibrils, grdwth of the cell wall, :interoellular spaces, plasmodesmata

and pits and _
4. describe the process of the formation of the cell wall.

- 5.2. INTRODUCTION

Plant anatomy (ana=as under; temnein= to cut) is a branch of botany dealing with the
structure and oraganization of the plants. It is also known as Internal Morphology. Though
recent in origin compared to morphoelogy and taxonomy,evidences exist to show that ancient
Hindus and Greeks had some knowledge of this subject. Indians distinguish five parts in the
plant body viz,. tvac (skin), mansa, (soft tissiies) asthi (wood or bone), majja (pith) and snayu
(fibres in the bast). Among the Greeks, Theophrastus (371-285 B.C), a pupil of Aristotle
(384-322 B.C)) is considered to be the father of botany and plant anatomy in particular.

y Real progress in plant aﬁatom_y started only with the invention of miocroscope. As early
“as' 1665, Robert Hooke examined 2 piece of bottle cork under a crude microscope and noted
the cells and their pattern. Later on, Nehemiah Grew (1641-1712) and Marcello Malphigi
(1628-1694) conducted many investigations on plant anatomy. Grew introduced common terms
like parenchyma, vessels, cortex etc. Malphigi discovered spiral vessels and stomata. Not

59
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"~ much progress was made in the next oentury Agaln in the mneteenth century mterest in.

plant anatoﬁ'y gained momentum by the studies of Mirbel: (1776—1854) Sprengel (1766~ 1833)

" and others.. Around the same time valuable mformatlon about the structure of cell cou[d be. '

~prowded by Robert Brown (1773-1858) Hugo von Mohl (1805 1872) Schle1den (1804 1881) h

- and Schwann (1810-1882)

. Hugo von Mohl carrred on many mvesttgattons in the ﬁeld of plant anatomy and explamed :

nature and formation of vessels, structure of the epidermis, cork, bark and lenticels and also.
traced the course of vascular bundles in stems and roots, Carl von Nagéli (1817- 1891) who -
introduced the terms xylem and: phloem also:contributed to our understandmg of the pnmary
and secondary merlstems and types of vascular bundles . ' s :

De Bary, Solereder and Heberlandt were the promment anatomists of the early decades of -~
this century Thie more recent workers include, 1.W.Bailey,: Cheadle Faster, Metcalfe, Esau, Fahn .

and B.G.L. Swamy, whe, have enriched thls fleld with their cntrcal and valuable contrlbutlons

Unlike the animal oells,plant cells are. generally charactenzed by the presence of a non

protoplasrmc cell wall

' The ceil wall gives the shape and determmes the texture. It provrdes the supportlve and .

" protective function and helps ‘the aerial parts of the land plants to overcome the stresses of-

| 53.1._Middie Lsmena

60

gravitational forces and’ desiccation. The cell wall also plays arole in absorptlon, transp1rat10n :
tr anslocatlon and secretton : : .

many industrial uses of cellulose and its derivativ w techniques such as polarized. light,
X-rays and electron mlcroscopy have helped the-details of the cell wall.
53. CLASSIFICATION OF W QRS N |

: Three pr1nc1pal layers are. f the plant cell wall : (1) Theé mlddle iamella or the
intercellular space, (2) the Primary and (3) the secondary warl .

Durmg recent years studles on the cell wall @lre gamed 1mportance because of the
|

It is the cementmg matenal Wh.lCh usually bmds the two adjacent cells in a tissne (Frg .
5 1 &5 2) 1t is therefore, present between iwo prlmary walls of nelghbourmg cells It consnsts R

2'_1

N Flg 5 1 Formanon of cell wall sho-mng ongm of cell plates, tt., transfonnanon 'nto m:rldle lamella
~ and deposition of Primary and secondary wall. L. Inner secondary wall. M. Middic secondary wall G,
‘Outersecondarywall 1 Cell; plate z Cytoplasm 3 anarywall 4. M:ddie.amella S Seeondarywsll

" of colloidal mater. that is amorphous and optlcally mactwe (]SOtI'Op]C) It is composed of pectlc

substances ‘and- usually impregnated with calcium: and magnesium. In wood,the middle lamella
is also llgmﬁcd “The nuddle lamella isnot’ termed -as'a wall but interceiiular substance




"$32. Primary Wall g ‘ o B

_ As the name implies, it is the first formed wall by the cell (Fig5.1 &'5.2)' and in many types
of cells, it is the only wall that occurs. It is composed of celluloses, hemicelluloses and other

. polysaccharides. Cellulosic content makes the wall optically anisotropic. Sometimes the primary
wall is co_niposed of alternate layers of cellulose and pectins as in-the walls of epidermal cells.

Primary walls ate ‘normally associated with living contents. They are mostly seen in. the
growing meristematic cells and  other tissues which show physiological activities. Therefore, in
_some tissues;, seasonal fluctuations may be witnessed in the thickness of the primary walls e.g.
cambium. - o . R :
~The p'rimary wall formation is initiated much before the cell enlargement. Hence, the
primary wall undergoes surface growth as well as inctease in thjckncss.( oL

533. Secondary Wall -

B “This is formed inside to the primary wall facing the cell lumen (Fig. 5.1 & 5.2)."It appears
.usually after the cell ceases to grow. Hence, surface growth is nermally absent in it. '

" - Fig. '5.2. Ccli wall. - A. Diagram showing three layers of sccondary wall in T. S. B. Longitudinal view. 1.
. ' Middle lamelia. 2. Primary wall. 3. Outer, 4. Middlc 5. and Inner 6. layers of Secondary wall respectively.
- The secondary wall is composed of cellulose, hemiceluloses and lignin. Because of high
cellulosic content, it is strongly anisotropic. Hemicelluloses are less in the secondary wall when
" compared to the primary wall. The secondary wall is a complex one and is made up of ‘three
layers, the euter (S;), ceniral (S;) and inner (S3) layers (Fig 5.1 & 5.3). Of these ,the central
one is the thickest. Sometimes,a new term-tertisry wall or terminal layer is applied to the inner
layet (S3). The tertiary wall (S5) also differs from the other layers of the secondary wall in
its chemical composition. -The Sz layer is covered by a noncellulosic film often with lumps
called warts and known as warty layer. This may be formed by the remnants of a disorganised
_protoplgst e.8., conifcrtracheids and fibres and vessels of many dicotyledons. '

_The secondary wall provides mechanical strength to the plant body and is usually associated
- with non-iiving tissues at maturity. It is also characteristically found in cells which andergo
- jrreversible changes in"their deveiopment. : : ' -

5.4, COMPONENTS AND STRUCTURE OF THE CELL WALL
" {Jsually’celf wall components are, cellloses, hemicelluloses, pectin; lignin, suberin, cutin,
‘profeins etc. The proportions of these substances differ from species to species. Of these, the

architectizre of the cell wall is mairily based on cellulose. It isa polysaccharide with linear chains. 61 |
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of glucose {(CeH 1005),.] In the cell wall, cellulose forms the frame work mterpenetrated by

the matnx representmg the noncellulosnc substances {e.g. lignin).

_ An electron mlcroscopxc study reveals that the cellulose consnsts of many ﬁne strands or

--bundles known as microfibrils, Microfibrils are combmed to form macrofibrils which are also.

visible under light mlcrosc0pe An orderly arrangement of cellulose molecules {(in chains ) in -
a microfibril imparts a crystalline structure to it. These crystailme aggregatcs or -bundles-in a

- microfibril are considered as micelles or crystallites.

Fig. 5.3. Diagram of a piece of tra |llustratmg layers and m1croﬁbr1[lar organisatlon
S

1. Middle lamellz. 2. Primaryéll. 1 layer. ¢ Sy layer. 5. 83 layer 6. Warty layer.

The spaces among the micellar strands constitute intermicellar spaces. Thus the microfibrillar
system of cellulose is interprenetrated by a system of intermicellar spaces (capillaries) of various
sizes. These capillaries are filled with noncellulosic substances and water as mentioned earlier.

Though these capillaries are filled with these matenals, other substances can stlll pass through

‘them, thus rendering the cell waII porous S ‘ <

' 5.4.'1_. __()rie'ntation of Micro‘ﬁbrils‘

’ In the ceIl wall, onentatlon of microfibrils is in various ways. In the pnmary wall the -
microfibrils are randomly oriented transverse to the long axis in the first instance subsequently
becoming longitudinally inclined as the primary wall starts growing. In the secondary wall,
separation of three S layers is mainly based on the orientation of the microfibrils. The helix of
microfibrils.is lax and nearly horizontal in S; and S;, and steep in S, (Fig. 5.3), which is the
thickest. The primary wall differs from the secondary wall by possessing random onentatlon of
the miicrofibrils. The chemical composition of these layers also differs.

542, Spe'ciali'zed Cell Wall Components'

The fatty substance. cutin is. assocnated Wlth ep:derma] celis and forms the cutlcle Suml arly,

. suberin -another fatty substance is associated with cork (see unit -9) and aiso with the endodermis

of the roots forming the caspanan strlps and’ the basal cells of some secretory mchomes. _



_5.4.3. Growth of the Cell Wall

Two theories have been proposed to explain the wall growth in thickness. They are 1.
Intussusception and 2. Apposition. In intussusception, new microfibrils are suppased to be laid
down between the existing ones (Fig 5.4A) and in apposition new microfibrils are supposed to
be laid down over the existing ones leading to the formation of a new layer (Fig 5.4B).

s

Fig. 5.4. Microfibrils in a primary cell will, Diagrams shgwing. growth by intussuéc’eption
(A) and apposition (B). The First formed fibril is 1 thg secoyd is 2 efc.

Presently, it is considered that growth in thikffeis mainly through apposition,though some
growth is also possible through intussusception.‘ khe Wngitudinal growth is due to the stretching
of the microfibrils parallel to the long axis wcell concerned.

Check Your Progress - 1 %
What are the two’ theories th (= posed to éxpalin the gfowth of the wall thickness?
Describe them. 3 ‘ ,
' Note: () Write your answer in the. space given below. S
(b) Compare your answer with the one given at the end.

........................................................................................
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544, Intercellular Spaces L I \

There is a well organised intérceliular space system in the plant body and it is characteristic
_of the mature tissues, e.g. mesophyll® of the Jeaves, and submerged organs of water plants.
Interceliular spaces arise by one of the two methods. 1. Schizogeny (schizo =split ) (Fig. 5.5..
~A): In this method separation of the middie lamella starts at a corner where two or more cells
~ are together, most probably by the enzymic action. e.g., Resin ducts of pinus 2. Lysigeny (lysis
=loosening) (Fig 5.5.B): This method involves the comiplete break down of the cells (arising by
dissolution ) to form the intercellular spaces €. secrétory cavities of Citrus and Gossypium. 63



Fig. 55. i} Spéciéliséq interceﬂular'spaqcs.r‘_ A. Resin duct=éf.§;iuus'
(schizogenous).. B. Cil-cavity of- Citrus fruit (lysigenous) 1. Epithelial cell,
- Check Your Progress -2 ' S L : T .‘ .
Describe the two methods with 'regard to the’ ermation of the 'i__ﬁterccl'lul.)'ir' si)accs with examples.
" Note: (a) Write your answer inrtﬁe space given below. S
(b) :Cb‘mp'a're your answer w1th the one give at tl@ -

64. Fig. 5:6. Plasmodésmata in the,cells of endosperm of seed of Phooniz (date palm). 1, Plasmodismata. o



. The cytoplasm of the adjacent cells is connected by thin strands known as plasmodesmata
which run across the cells at intervals. They also pass through thick cell walis of the endosperm
of certain seeds of date, coffee etc. (Fig. 5:6). The plasmodesmata, characteristic of the living
protoplasts, act as channels for transport of substances and relay of stimuli. =~

. 5.4.6. Primary Pit Fields

Though the primary walls of the young cells grow in surface area and thickness, certain
areas of them remain thin. These thin areas form depressions termed primary pit fields or
simply primary pits (Fig. 5.7). Plasmodesmata usually traverse through the primary pit fields
Pits of the secondary wall are normally formed over the primary pit field. o

Fig. 5.7. Primary Pit-fields and pits. A. Primary pit fields. B. Pits. 1. Middle lamella. 2. Primary wail.
3. Primary Pit - field with plasmodesmata. 4. Pit aperture. 5. Secondary wall. 6. Pit membrane.

5.4.7. Pits.

" Pits are characteristic of the secondary wé]l. -Thcy'correspond to the interrupﬁoné in the
secondary wall where secondary wall material is not laid down over the primary wall (fig.5.8

" A-F). A pit consists of pit cavity (cavity formed by the break i secondary wall) and pit (closing) .

_membrane (which comprises the middle lamella and a thin layer of primary wall). The opening
of the pit towards the ceil lumen is termed pit aperture (Fig. 5.8B & C). Normally, a pit has a
corresponding pit exactly oppasite to it inn the wall of the neighbouring cell. This results in the
formation of a pit-pair which is a structural and functional unit (Fig. 58. C).

Piis are of iwo types: Bordered pits and Simple pits. In bordered pits the secondary wall
forms an overacching roof on the pit cavity with a central narrow pore (Fig. 5.8 C & G)eg.
Tracheary elements and fibre tracheids. In simple pits no such overarching of the secondary
wall is present (Fig. 5.8.A} e.g. thick walled parenchiyma, libriform fibres and sclereids.

e "E,’Eutw:)_si"_xiigie' pits foiTa pair, it is a simple pit-pair (Fig. 5.2 B). Instead, if two bordered

ﬁrits form & pair it is & bordered pit-palr (Fig 5.8 CJ. A haif bordered pit-pair resuits if the pit
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on_one side is bordered and the other side simple (Fig. 5.8. ‘D). When the complementary pit
- is absent in the adjacent wall, it is termed as blind pit (Fig. S8E&F). ‘ T

I3y ';g; gy
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Fig. 5.8. ‘Structure of pits. A. Simple pit. B. Simple pit pa{r. C. Bordered pit pair. D.

" Half bordered pit pair. EF. Blind pits: G. Three dimensional diagram of a portion of the
adjacent walls of two tracheids showing the perforations in the membrane. H. Pit membrane
and torus of Pinus. LJ. LS. of the wall of adjacent vessels with vestured pits. K. Diagram
-of wall section showing a warty layer. 1. Primary wall. 2. S_éconda.ry wall. 3. Pit aperture. 4. -
Pit cavity. 5. Midhlc lamella. 6. Pit membrane 7. Inner aperture. 8. Outer aperture, 9. Pit
chamber.-10. Pit canal. 11. Torus. 12. Margo. 13. Plasmalemina. 14 Tonoplést. 15. Wart:

Bordered pits are more complicated than the simple pits and variously shaped. The
secondary wall is very thick and it forms.a pit-canal betwéen the pit chamber and celi fumen
(fig. 5.8F). Then the pit canal has an outer aperture facing pit chamber and an inner aperture
66 facing cell lumen (Fig 5.8 F). R e R



In some bordered pits, the pit membrane (primary wall) in its central portion shows a disc-
shaped thickenirig termed torus (Fig 5.8 G) and the surrounding portion -of the membrane is
called margo. The margo consists of microfibrils radiating from the torus (Fig. 5.8 H). The
margo being flexible,under certain conditions of stress moves towards one or the other side of
the border resulting in the closure of the aperture by the torus (Fig581& ). ’

. The bordered pits of many Coniferales and Gnetales are characterized by the presence of
distinct torus which is rare in angiosperms. - o

Certain dicotyledons (e.g, Fabaceae, Brassicaceae, Myrtacede and Caprifoliaceae) are

" characterized by the presence of bordered pits with projections from the overhanging secondary
wall on the side facing the cavity. Thy are termed vestured pits (Fig 58K &L). :

: Check Your Progress - 3
What is the difference between the simple pit & bordered pit?

Note: . (zi) Write your answer in the space given below. -
(b) Compare your answer with the one given at the end. e

5 . -
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5.5. FORMATION OF TH, Wil o

At the time of cell division, the two daaghter nuclei are saéparated by the fdr"r'ﬁatibn. of a
cell plate. It is formed by the fusion of vesicies derived from the golgi bodies on the equatorial
plane of the phragmoplast (Fig 5.9 A). -

Fig. 39. Formation of wall during cell division. A. Formation of cell plate in the equatorial plane of
phragmeplast at tefophase. B. Phragmoplast appears along the margin of the circular cell plate. C.
“Bach sister cell with its own primary wali. D. Enlarged sister cells. 1. Middle lamella. 2. Nucleus. 3.
Cel: Plate. 4. Phragmoplast. 5. Wall of mother ccll. 6, New middle Jamella. 7. Wall of daughter cell.
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Initially, the cell plate is formed inside thie phragmoplast and'in_thét ré;gi,on, the ]jhragmoplas_t e

becomes invisible but regenerated:at the free margins.of the cell plate to extend laterally.until

it joins the mother cell walls. Ultimately the cell plate becomes the middle lamella with pectic
- substances and it is destined to-form the cell wall by the deposition of additional wall material
~on either side (Fig 5.9 C'& D). o o :

-~ 56. SUMMARY -

. The plant cell wall is made up of cellulose, hemicellulose, hemicellulose, pectin, lignin,
suberin and' proteins. - The neighbouring cells are bound together by a ‘middle lammella, a
’ cementing"sufbstance of pectates of Calcium and Magnesium. : o
-+ The primary wall is associated with living protoplasts. The secondary wall seen in non-living
- - tissues is'generally differentiated into three descrete layers, the S, S, and-S; layers of varying
orientation of microfibrils. Local depressions known as primary pit fields are seen on the primary

walls and simp_le and bordered pits of various kinds are seen on the secondaly'walls.'

*5.7. CHECK YOUR PROGRESS : MODEL ANSWERS

SRR 'I_ntussus_ceptithand épposition‘aré the 2 theories that are 'applied:_to explain 't_hc: growth -
_ -~ -of the wall in thickness. In intussusception new microfibrils are laid down in between the -

existing ones whereas-in Apposition they are laid dowg over the existing ones. - -
2. Theintercellular spaces are formed by schjzog'eny.an@ny. In schizogeny the intercellular
space is formed due to the separation of the Ie_lamella present in between the cells .

- due to the hbrmo'n_al actio_ﬁ. e, resin ducts ¢ ‘
. complete breakdown of the cells e.g., se-?)iy cavities of Citrus and Gossypium.

- 3. The secondary wall forms an overagehing Mof on the pit cavity with a ceritral narrow pore:
' in bordered ‘pits and no such ove is seen in simple pits. R .

5.8. MODEL EXAMINATIO{QUESTIONS

L Answer the fo}iﬂﬁng dhéétidn’s in aboﬁt' 30 lines ea;ih. '
S Wri‘t’é a_critic.z;l 'acéouﬁ_t on the plant cell wall layérs; | B
2 What afg the var,iou's\' cell wall comnponents 7. How are they involved in the structufe g
. ofthecellwall ? - .
3.  Give.an account of various typés 6f_ pits encountered in the blaﬁt cell wall, ‘
’ L. Answer the followi‘ng @estions in about 10 iines_ éhch.
1. Writc'Brieﬂy .about prlmary wall.
2. Write breifly about secondary wall,
3. Givea bri'ef_;acdount of Pits. -
4. Write briefly. gboﬁt the formation of the cell wir\all.' B
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6.1.  Objectives
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6.3. ‘Cyto]dgical Characteristics
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V 6.4.1. Apical Meristems B )
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6.5. Summary R

6.6. Check Your Progress:MOdéi Aﬁswér_s

6.7. Model Examination Questions . ‘

P

6.1. OBJECTIVES

‘By the end of the unit you will be able to: - 0

1. define the terms meristems, proiﬁer_istém, (Qerm, -procambilim, ground meristen, mass
meristem, rib meristera and plate m’e? e o

2. _differentiate' the primary growt sec dary<gr0wfh;

3. list out the cytological chagacterStics of the meristematic cells, -

4 diffcrentiafe the apical; in ary and lateral meristems,

5

describe various theories and concepts-of apical organisation and

6. list out the differences between the stem apex and root apex.

62. INTRODUCTION

During the embryonic stages of plant body, all the cells undergo division. But at the time of
further growth, addition of new cells through embryoric tissues is restricted to certain parts of
the plant body. These persisting embryonic tissues are termed as meristems. The meristematic -
tissue shows repeated cell divisions throughout the life of the plant. To emphasise this special
feature the tissue is so named (Greek: meristos = divisible). Some examples of meristems are
+ apices of stem and root, leaf primordia and vascular cambium. ‘ h :

_The derivatives of the meristems get transformed gradually into permanent tissues. Nowadays,
the term permanent element is used only with reference to sieve elements, tracheids, vessel
_elements and cork celis which underwent an irreversible differentiation. The initial growth of the
suiccessively formed roots and vegetative and reproductive shoots by their respective meristems
is commonly termed as ‘primary growth’ of the plant body. Many vascular cryptogams and
monocotyledons consist only of primary plant body e.g. paddy. On the other hand, most of
the gymnosperms and dicotylendons show an increase in thickness of stem and root by the .
~ activity of the vascular cambium or cork cambium. This constitutes the ‘secondary growth’ of
the plant body. The tissues formed by the vascular cambium and cork cambium are referred to
as ‘secondary tissues’, e.g. wood, bark. o - ' ‘
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63. CYTOLOGICAL CHARACTERISTICS.

~ The meristematic cells are usually thin-walled, isodiametric, with dense cytoplasm, conspicnous

" nuclei and small vacuoles (Fig.6.1.A). They are, as a rule, devoid of ergastic substances. This

type of meristem is termed as ‘eumeristem’ (true meristem) for descriptive purposes. However,
" ‘there is certain degree of variation among the structure of meristems of different plant groups.
. For example, cambial initials have thick primary walls with conspicuous primdry pit fields,
Similarly, highly vacuolated cells are seen in some cryptogams and gymnosperms and also in
vascular cambium and plant hair cells (Figs. 6.1 B & C). It is found that vacuolization increases
Corresponding--to the increase in the size of meristematic cell. Further, it is not always possible -
to determine the meristematic nature of cells. For this, experimental evidence obtained through -
~ induced polyploidy (by the use of colchicine -c-mitosis) and growing apices #n vitrois necessary.

Fig. 6.1. Meristematic cells, A, %criimatic cells.”B. Cambiiim _cells"in'T.S. C.same¢ in LS.

64. CLASSIFICATION OF MERISTEMS

~ Meristems are classified .on the basis of their position (topography), origin, stage of
development, function etc, : ' : S

On the basis of their position of the plant body, the meristems are categorized into three
groups (Fig.6.2). a) Apical meristems: Found in the terminal parts of the growing' shoots
and roots; b) Intercalary meristems: Found intercalated between the permanent tissues e.g.
internodes and leaf sheaths of grasses, Equisetum etc., ¢) Lateral meristems: Found parallel to
the long axis of the organ in which they are seen e.g., vascular and cork cambia.

When the nature of originating cells is considered, the meristems are designated as primary
- and secondary. Accordingly, whenever the embryonic cells are directly involved, the meristem is
-primary while the secondary meristem is the one which develops from mature cells (those atready
underwent differentiation)e.g. Interfascicular cambium. However, this classification is no longer
popular as it.is not accurate, For example, it is difficult to place the vascular cambium in these
two categories as it develops from the apical meristem and functions belatedly. Therefore, the .
primary meristems and secondary meristems are used in connection with the relative time 'of
“origin of the mieristem. If they are correlated with ‘the classification based on position, the

- primary meristem corresporids to apical meristem and the secondary to lateral meristém.



In the shoot and root apices, it is possible to recognise ditferent regions in various stéges
of differentiation. The term-‘proineristem’ i$ applied to initiating cells(apical initials) aqd their
most. recent derivatives. Promeristem is also known as primordial meristem, urmeéristem or
embryonic meristem. A little away from the promeristem lies partly differentiated meristematic
zone cons15tmg of three meristems: 1. protoderm, which forms the epidermal tissue system.
2. procambium, which forms the primary vascular tissue system {primary xylem and ph]ocm)
‘and 3. ground meristem, which forms the ground or- fundamental tissue system (cortex and
pith). The initials of the meristems continuously divide and one of the resultant daughter cells
continues to act as an initial similar to the parent cell while the other one differentiates and
- matures into a specific elc_mcnt of the various tissue systems.

Fig. 6.2. Positions of meristems in the LS. of a shoot. 1. Api-
cal meristern. 2. Intercalary mcristcm. 3. Lateral meristemm.

Based upon the plane of cell division, the meristems are also referred to as (a) mass

" meristem or block meristem, (b) rib meristem or file meristem and (c) plate meristem. The
mass meristem grows by divisions in-all plancs and produces either isodiametric or spheroidal
cells or products with no definite shape. e.g., spores, sperms, endosperm and embryos. The rib
meristem divides by divisions perpendicular to the longitudinal axis of the plant organ resulting
in parallel longitudinal rows of cells in cylindrical plant parts. e.g., cortex and pith of stem and
cortex of root. The plate meristem divides mostly by anticlinal divisions (divisions perpcndlcu!ar
to the surface) .resultmg in surface growth as in leaf blades of angiosperms and epidermis in

- particular. ’ L o :

Check Your Progress - 1

- What are the diffcrant meristems that are recognised depending upon their positions in the
plant body. = - . C o T -



" apex into zones and cellular -actiw@ various zones.

~

Note: (é_)_Write your answer in the space given. below,

' (b)" Compare your answer with the one given at the end.

P L R R F T T R I T I T T S S

R R R L R R R R R R T I

' 64.1. Apical Meristems

In higher algae, this meristematic activity is restricted to the terminal cell of the filament.

" Such a cell is called apical cell. Grawth by apical cell also takes place in the bryophytes and

pteridophytes. However, in higher plants viz, gymnosperms and angiosperms, growth ‘takes
place by a group of initials and their immediate derivatives (protomeristem, according to Esau,
1965). More often than not, the term apical meristem is used to refer to-these initials and
théir immediate derivatives. The terms shoot apex and root apex are used as synonyms of
apical meristem. IJsually the part just above the yaungest leaf pnmordlum in a shoot apex is

consxdered as aplcal menstem (Esau 1965) T e
N

642. Them-'ies and Concept of Apica!. p.-gm@

. Wolff: (1759) r'ecogriise’d for the first timg, that*the shbof apex was resp‘onﬁb!_c for the - .
growth of plant body. Sirice then, it has atti’%hc attention of several workers in the last

two centuries. Initially efforts were ma léabn about the number of initials involved in the °
meristem. later researchers tried to knol lems concerning cyto-mstologlcal dmswn of the

" Fig. 63. Apical meristems. A. Apical cell'in a pteridophyte: B, C. Tw- =
o hic'a a‘nd‘ ;corpusrlayers._ 1. Apical cell. _2: Tunica. 3. .Cbrpus.' 4. Leaf -

In the past work on cryptogams led to the bchef that smgle apzcal cell acts as a structural

* and functional unit of the apical merister (Fig.6.3'A): Based on this assumpticn, Nageli (1878)

proposed apical cell theory It was considered that aplcal cell is ultimately responsibie for the
total growth of plant by constant division. Around the same time, Hanstein (1868) pmp.osed.
‘Histogen Theory’ after studying several angiosperm shoot apices and embryos. He concezved :

iy that the plant. body develops from_a mass of meristematic cells even Guite sway from the apex

and 1t cons:sts of thrcc main parts of Husmgens (Flg 64 & 6.5) Ha.nstem stated mhat the}'



Fig. 6.4. Stem ape,i: in median L.S. 1. Young leaf. 2. Dermatogen. 3. I;er'iblcm.‘.4. Plerome.

' develop from indepéndcnt groups of initials. Theythr histogens (tissue builders) are: 1,
dermatogen 2. periblem and 3. plerome which give ri the epidermis, cortex and the stelar
region of the axis respectively. 6 . _ )

N

Fig. 6.5. Diagram of shoot apex according to Hanstein’s interpretation. 1. Dermatogen. 2. Periblem. 3. Plerome.

For a long time Hanstein’s theory found acceptance. However, later research showed that
these histogens could not be well established in the shoot apex. There are two objections against
this theory. 1. In the higher plants (spermatophytes), it‘is not possible to demarcate periblem
~ and plerome. 2. No predetermination of the future tissues can be traced to the initials of the
-apical meristem. , :

Schimdt (1924) proposed ‘tunica-corpes theory’ based mainly on the planes of cell division

in the apical meristem. The meristem is divisible into two discrete zones: 1. the outer tunica,

_which consists essentialy of one or more layers (Fig. 6.6} and 2. Corpus, consisting of the zone

inner to the funica (Fig.6.3 B & C). The cells of the tunica show always anticlinal divisions

resulting in the surface growth. The corpus cells show divisions in all planes; this leads to growth
in velume. The number of layers of tunica is usually one or two. ' 3

-



* Fig. 66. LS. of-shmt apex. A.one layercd 'mnich--B Two layered tuni’c':'i 1. Tunica. 2. Corpns :

. Each layer of tunica arises from a smal] group of mmals. Slmllarly, the corpus-aiso has its
own initials. Therefore, tiérs of initials could be expresscd as equal to the number of layers of

tumca plus one (1n1t1als of corpus tier).

Among ‘the iower vascular plants, the tumca-corpus dlfferentlatuon is not seen in the shoot '
_apex. eg. Lycopodium, Selaginells, Pleridium. In the gymnosperms, this concept is found to
be unsuitable. The tunica-corpus concept However is accep ed more or Iess umversally for the .

shoot apex of the angxospenns.

. ’ e )
- 'Check Your Progress - 2 T . O
_ Describe the Hlstogen 'I‘heory : ' R
‘Note: (a)-Write  your answer in the spag E‘below SR ' oo BRI
.  (b) Compare your answer with t glven attheend. - o
:2 . l"
i

'6.4.3 Root Apex

The root apex lS ‘different. from. the stem ‘apex in many respects (an 6.7) They are as
- follows: :

1. - Nodal and mtemodal dlfferenUatlon is absent and thc root apcx grows more umformly
" than the stem apex. L

2.' As the leaf primordia are also abscnt in the. root apex there arc no penodlcal changes in -
ashapeandstructureoftherootapex. ', TR S L

o 74 3. Bm:chprmordlaareahnm.



4. Lateral roots arise a little away from the apex and they are endogenous in ongin (from the ..

.~ peritycle). - T |

5. Root cap is present and it makes the root apex Slili-ternlihal in :positfbr}. -

6. Growth in the form of new cell formation in the root apex is bidirectional ic. cells are |
- formed towards the axis and also away from it for:-‘thc rootcap.. - . .

7. Theelongatmg‘*r apex ‘ié“chér@tcﬁéﬁc of'qbfmeﬁste_fﬁ_ typt:':—bf*grdwm. S B

8. 'The apical meristematic fissue s limited, - ’

.. H " '
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-~ " Fig. 67. Root apex in-L.$. 1. Dermatogen. 3. Periblem. 3. Plerome, 4. Calyptrogen. 5. Root cap. - -

Tn the root apex, the number of initials ranges from one to many. Wherever they are more
. than one, they are organised into one to four fairly distinct uniseriate groups (Fig .6.8). Further,
in each group. one to many initials are piésent. Though, it is now establistied that the histogens
are not clearly recognizable in the shoot apex, Hanstein's histogen concept, however, is still
widely used in our understanding .of the root-apex.. The young' roots show more or less clear
separation of dermatogen (outer part), periblem (middle part) and plerome (central cylinder)
(Fig.6.7). The details of ;the organization of the root apex in the vascular plants is presented
below. R ' S ' S '

. Among the lower vascular plants, e.g., Selaginella, Equiselum and in sbm(; Ferns, the entire .
root deveiops from a single apical ceil (in'the Marattiaceae the root develops from few initials),
The: singlé apical cell is usuaily tetrahedrat and it cuts of cells on four faces and produces the -

. various tissues of the Toot cap e.g. Marsehe (Fig68.A). R T
. Ir.meny gymnosperms; twe sets.of initials are present, the, inner: giving rise to the central
" cylindér-and. the outer to the cortex and root cap. A little away from the tip, the outer. most
‘fayer diffesentiates-into epiblem.. A similar organization of the root apex is also witnessed in .
. some of the éﬂgﬁaspemp%gﬁtﬁh?’i&‘(ﬁg.m; No' CHi- G“B“lci N T -
. . ‘ LIBRARY LClass Not - 58 ;_‘ ot
' - - ot
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" middle (periblem) forms the cortex and the inner, §

_ Fig. 6.5. Types of root tips. A. Type found in pteridophyics with solitary apical cell. B.
‘Ranalian type. C. Casuaring type. D. Typical dicot type.. E. Maize type. 1. Epiblem.
2. Stele. 3. Cortex 4. Apical cells. 5.~ ‘Root cap. 6. Calyptrogen.

Among the dicotyledons,three categories of root tips are encountered. In the first category,
all regions of the root, including the root cap, develop from one set of initials only. The epidermis
differentiates from some of the cells of root-cap. eg: some members of the Ranunculaceae,
Fabaceae, Proteaceae (Fig.6.8 B). In the second -as discussed under the gymnosperms, there are
two sets of initials, one forming the central cylinder and the:dther the cortex and root cap. '(Fig.
6.8 C). The third category, which is more common, is charateriyed by the presence of three sets
of initials. Of these, the outer one { dermatocalyptrpgen) foffns the root cap and epiblem, the
me) gives rise to the central cylinder -

(Fig.6.8 D).

.\.‘\ “._.k

" Fig. 69. Root tip of Maize showing the quiesccn_t.cc.qtre‘ 1 Root cap. 2. Ca]ypt:rogcn;_3. Quiescent cénl:ré.”.

* . Among the mqnoéotyledons, in addition-to the three categories of root apices deﬁ;nbed
earlier, a fourth category is also witnessed, In this, four sets of initials are found and they

_correspond to the root cap, epiblem, cortex and the central cylinder (Fig.. 6.8. E). Whenever

)

the root cap differéntiates from its own set of initials, the term calyptrogen (Janczewski, 1874)
is employed (Gr. calyptrs, veil ; genos, offspring). ~* ©© - . e RL e
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Clowes (1961) discovered an inactive zone between the root cap and the active meristematic

region. This he termed as ‘quiescent centre’ . (Fig.6.9). The cells of this zone show very low
smitotic activity. Quiescent centre also functions as a site of hormone (auxin) synthesis and
maintains the geometry of the root apex. Further, it produces new initials replacing the previous
active cells when damaged. ' . )

‘ Check Your Progress - 3

What is a quiscent centre?

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

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

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

...-....--..--..-.-..--v.o-.-.o.--.-- ...................................................

6.5. SUMMARY

The persisting embryonic tissues of the plant body are known as meristems. Meristems give

rise to permanent tissues of the plant body. They are classified into several categories on the
‘pasis of their position, origin, stage of development, functions etc. '

accepted one for the shoot apex of the angiospe
for the elucidation of the root apex.

Apical cell, histogen and tunica-corpus theories alg pr inent among the several theories

. proposed to explain the apical organisation of 't. e tunica-corpus concept is the most

M the histogen concept is used extensively.

1.

2.

3

6.6. CHECKYOURPROGH%VIODEL ANSWERS

They are (1) Apical meri ) Intercalary meristems and (3) lateral meristems.

Histogen theory was propose by Hanstein in 1868. According to him the apical meristem
consists of 3 different parts or histogens. They are (1) dermatogen which gives rise to
epidermis (2) periblem which gives rise to cortex and (3) plerome which gives rise to the
stelar region. - . - :

Depending upon the poSitfi%;l lant ﬁody the meristems are classified into 3 categories.

In the _root;'tip between the Toot cap and the active meristematic zone there is a zone of
inactive or mitotically low active cells called quiscent centre. : )

6.7. 7MODE_L EXAMINATION QUEST[ON_S

L

Answer the following questioﬁs in about 30 lines each.
1. Write a detailed account on the classification of meristems.

2. What are the various theories concerning the apical organisation ? Explain them in
detail ?

3. Write an account of the root apex and add a note on the &liffe_‘rences between root
apex and shoot dpex. : SR o

" IL Answer the following questions in about 10 lines each.

1. Write a brief account of shoot apex.
2. Explain the histogen theory briefly. | o
3. Explain the Tunica-corpus theory briefly. R o -
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74 OB._IECTAJVES

By the end of this unit you will be able tc__)_.: B

1L deﬁne simple tlssties,

2 draw the strucmre and lahel the parts of vanous Wpes oﬁ'par'cnchynia,,,-- coilenchyﬁ:a,

- 87' aclerenchyma and latdfem,



3 recogmse and llst out. the dlfferences between parenchyma, collenchyma and selerendlyma,
4, llst out the functrons of parenchyma, collenchyma sclerenehyma and lat1c1fers, and j =

' S' ' describe the eeonomic importanoe '_of ﬁbres and fatisifers. °

T 2 INTRODUCTION

The mature plant body is made up of several tissues. A tissue is usually dcﬁned asa group
. of cells havmg common’ ongm, structure and functron :

On the basis of number of cell types, the tissues are divided into s1mple andi complex types.
In srmple tissues all the cells are ‘of the same type In other words they are homogenous m.,
.' nature e.g parenchyma, oollenchyma, sclerenchyma, laticlfers etc . :

'7.3 PARENCHYMA

Parenchyma is the ‘most common and least specnahzed tlssue encountered in the plant
body, 1t is a simple tissue with living protoplasts It is referred to as:-fundamental tissue
or ground tissue and constitutes generally the bulk o lant body. The apical meristems
and the sporogenous ‘tissue are also parenchym in: nature Most of the lower plants are
mmposed of this tissue only B

‘1.31 Occurence Qw -

L . :

. Parenchyma is seen com'@l 1, x (stem and root) 2 prth (stem and root) 3
'pencycle, 4. mésophyll (leaf), 5. Pip of fleshy fruits, 6. embryo endosperm (seeds) 8. xylem ‘
parenchyma and 9. phloem parenchyma. o ' '

Ter oy T

"1.3.2 Ongin

Parenchyma of the prunary body, ie., cortex pith, mesophyll and also of the’ ﬂoral parts
- develops from the ground meristem. Likewise, the parenchyma of the vascular tissues develops
. from the procambmm or the cambrum Parenchyma of the secondary cortex (phelloderm)

develops from the cork camblum
0

| 733. Structure

R

o ' The cells of parenchyma are usually 1sodtametnc and polyhedral m shape In a homogenous
" tissue, they have upto 14 sides (tetrakardecahedron) They are usually thm walled. They are’
_ llvmg cells at matunty Intercellular spaces are promment in parenchyma tlssue (Fig. 7.1 A-C) .

‘ Parenehyma cells also show conmderable variation in: the1r structure “They have thick walls
in storage tissues . gendosperm of date-palm , coffee etc. (Fig 7.1 C). The thickness of walls -
is due to the deposition of. hennoelluioses. In tlre secondary xylem. the parenchyma possesses
lrgmﬁed walls o i , _ 79
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Fig. 7.1. Parenchyma. A. thin-watled prenchyma from -cortex of Hel:'anihm (Sul_:ﬁower).
B. Same from pith. C, Thick walled parenchyma, From leaf of Pinus. 1. Intercellular space.

The shape of parenchyma cells depends mostly on the pressure and surface tension created

- by the adjacent cells. : They are elongated in the palisade tissue of leaves (Fig 7.2), variously

lobed in the spongy tissues, stellate in the leaves of Canne and stem pith of Juncus and Pplicate
in the mesophyll of Pinus needles (Fig 7.1 D). On the other hand, intercellular spaces are absent
in the endosperm of many seeds and they are well developed in the hy'dmphytes_(Fig 7.3).
73.4. Types

~ - On the basis of the structure and function of its constituent cells, the parenchyma tissue is

classified into various types. Q :
1. Chlorenchyma: The cells cbntain chloroplastseagd t3%€ part in the photosynthesis, eg '
mesophyll of leaves (Fig 7.2). I O o ' o

2. Ae'reﬁchyma:j iThis_ is parenchyma with lar; cellular spaces. These spaces are .ﬁllcd with -
air which helps the plants to keep afloat,.g.g., Ptus and other hydrophytes (Fig 7.3). -

K

" Fig” 72, TS. of the leaf of Nerium. - 1: Upper epidermis. 2. Upper palisade (Mes- " -
“ophyll). 3. Xylem. 4 Crystals. ‘5. Phloem.’ 6. Bundle sheath, 7. Lower cpidermis, -~ -
8 Stoma,*'9, Stomata] pit. 10, Lower palisade. ‘11.: Spongy parenchyma 12. Hair.
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Fig. 7.3. Acrénchyma. A Frbm the pertole OﬂNy\mpbae_n.- B. From the stem of Jus- o
siaes. C. Fromlacunac of the petiole of Canna. 1. Tricho-sclereid. 2. Airchamber. -

3. Storage parenchyma : This is parenchyma packed with reserve food materials. Foods are.

- stored either in the form of a liquid in cell sap (sugars,other insoluble carbohydrates, amides and
proteins-e.g., beet root and scales of onion) or solid particles or liquid in cytoplasm (starches,

proteins, oils and fats. e.g., potato) ' . . '

' 4. Water storage tissue: Succulents like Aloe ands Ageve store large quantities of water in- _'
 parenchyma cells. The parenchyma cells here are large, thin -walled and mucilaginous. - '

~73.5. Function : : _ )
‘ ",Parenchjrma tissue plays a vital role in many lifé-)@’s of the plant such as photosynthesis, -
as§imilation, réspiration, storage, secretion etc. 2 .parertefiyma which is a constituent of a mature
tissue is-capable of behaving like a meristemag at times. :

. 73.6. Idioblasts

In tany plants, parenchyma cel E@v& 2 nins, mineral substances, myrosin (e.g., Brassicaceae,
ous

—

-

Capparidaceae}, oil substances (e.g! eae), mucilaginous substances (€.g., many monocotyledons,
Malvaceae, Cactaceae) and rgsi bstances (€.g., Meliaceae, Rutaceae, Rubiaceae).- These
cells significantly differ- in %fucture'zor'conte’nts from other parenchyma cells.. These
specialized cells are known as NiOblasts (G{R idio= peculiar). = . ' ‘

7.3.7. Transfer Cells

" In some taxa, parenchyma cells are characterized by the presence of unlignified secondary
wall in: the form of wall ingrowths (Fig.7.4). These cells with wall ingrowths are known as

Fig. 7.4. Part of the wall of transfer celt of Impaticns balsamines

.81



, Check'Youergress 1

) transl’er ct\lls The plasma membrane in these cells forms a hmng over the wall mgrowths thus :

resultlng in an increase in the surface area of these: cells,

Transfer oells are present in nectanes, salt glands and vascular parachyma (Frg 7.5 ) Therr ,

mam functlon is short dtstance transfer of metabohtes in the tissues,

’ Frg 75 Incatrons of transfer cells. A Glands with mgrowths on exterior walls B.
Nectant‘erous tnchome C Glandular hair with wall ingrowths on exterior walls. D,
. -Embryosac of an- angtosperm with wall: lngrowths in synerpds F. Young embryo

What areldloblasts'? T .' T 0
. Note: (a) Wnte your answer in the spaoe given | bel W, N

S 4. COLLENCHYMA

(b) Compare your answer with the one grv @‘ e end.’

Collenchyma isa sunple tissue wnth e!ongated cells lendmg support to the plant body From-

the functional pomt of v1ew collenchyma and sclerenchyma are termed as stereome (Heberlandt )
: 19 18)." ..

7 4.1 Occurence

- Collenchyma.i is usually seen in the perlpheral parts of the plant body ie. below the eplderm:s.

_ ‘Collenchyma is present in young stems, leaves, floral parts-and fruits. In stems, it is present -
either as a complete cylmder or in longltudmal stnps Collenchyma is generally absent in the o
_ monocotyledons . : : . ‘ o

: 7.4.2. Origm

Collenchyma has its origin. from the elongated cells wluch resemble proeambrum or from

7 g rsodlametnc cells of the ground menstem

' 7.4.3. Structure

' Collenchyma cells are lmng at matunty As in parenchyma chloroplasts may also be

.present in thcse cells, Occasmnally, taniins are also observed. The cell walls are primary and .

consist of eelluloses, pectins and hemtcelluloses ngmn is totally absent The tluckemng of the .

; -'_-cell wall lS not even in. all its parts.



' ”Collénchyma cells are variable in size and shape.. T‘hey‘arq,either‘ short, prismatic or linear. | -

- When elongated, they measure upto 2 mm in length and tiie tips are acute. Usually the central-
cells of collenchymatous strands are longer than those of the peripheral ones. -

- 7.44. Types ! “

On the basis of the nature of wall thickening 4 types of collenchyma have been distinguished.

‘1. Angular. collenchyma: In these cells, the thickening of the wall is mostly confined to the
corners or angles of the cells, e.g.. petioles of Cucurbita, Vitis, Begonia, Coleus oI stems
of Nicotiand, Solanum, Datura, Dahlia and Atropa. This is the most common type of
collenchyma (Figs. 7.6 A & B). R - : '

2 Lamellar or plate collénchym'a: Thie cells of this type show prbnounced '.thick'cning on the
tangeritial walls than the radial walls. e.g., stem cortex of Sambucus or Rhamus (Fig. 7.6. ~ -

3. Lacunar collehchyma: In this type intercellular 'spﬁces are seen between the adjacent. |
- thickened cells e.g., petioles of Malva, Althaes, Asclepias and the asteraceae (Fig 7.6 C).

4. Annular collenc’hyina: “The cell lumen appears circular in cross section e.gleaf of Nerium
oleander. - o ' . - ’ T

 * C. Lacunate collench S.) D. Lamellar collenchyma (T.5.). E. Annular col-
* Jenchyma (T'S) of the midVein of the leaf of Nerium oleander 1. Intercellular space.

Fig. 76. Collcnchyma@gﬁli collenchyma (TS). B. Angular collenchyma (L.S). /
_1.45. Function T T
" The collenchyma tissue provides stength to the juvenile forms, ]éavesrand herbaceous étems..
It contains considerable tensile strength with flexibility and plasticity. In tensile strength, the

collenchyma cells are comparable with fibres. In weak-stemmed plants, collenchyma becomes
sclerified. ' ' ' : ' ' . o

" Check -Y;our Progress - 2
What is the ‘c'lifferegoc between angular collenchyma 7& lamellar collenchyma?

‘Note: (2) Write your answer in the space given below..
. (b) Compare your answer with the one given at the end.

._-...--...........-.u..--..-...-..-..-...-...-g.‘...-.--.... ............................
T R TR R R R R R e bbb

A e LR AR L R R R T R R i



" 75. SCLERENCHYMA

o Sclerenchyma is.a s:mple but hard tissie consxsting (;f tl'nckened secondary walls It is
. ,-pnmarlly a supporting “tissue ang: 1con31sts of ‘dead -cells at: matunty Sclerenchyma provides
. protection to the soft tissues of the plant body from stretchmg‘, bendmg, weight and pressure . -
and other forces.. . o ‘ , R . .

Usnally the sclerenchyma is dmded into two groups L Sclerelds (sclerohc Cells) and 2
_ Fibres. Sclereids are short cells. - On comparison, the fibres are much elongated. However, .
\many 1ntermedlate forms do occur between the sclereids and’ ﬁbres

s 7.5. . Occurrence of Sclere:ds

Sclerelds show w:de dlstnbunon in plant body Generally they are seen. 1n the cortex and
pith of gymnosperms and. dicotyledons. They are found ‘either in groups or singly. They are also
associated with the phloem. e.g., bark of cinnamon (Cinnamomum). Sclereids are also seen’

-in roots (eg. Nymphaea), leaf mesophyll (e.g. Nymphaea. Trochodendmn) flesh of fruits (e.g.
pear) and seed coat (e.g. bean, pea ). The hardness and strength of seed coats is mostly due to
their sclereids e.g.. legummous seed coats. Sclereids also form a protectlvc layer in bud sclaes
of garllc (Allmm 3atwum,) o o T

kY

752. Orlgm and Development of Selerelds

Randomly distributed sclereids are formed from the b@hyma cells. First, they become =
_distinguishable from the adjacent cells by their large puglei er, these cells grow rapidly and

send out branches into neighbouring intercellular spacesy Terminal sclereids associated ‘with
the veinlet endings in the leaf mesophyll are formed“fvefn the procambial strand (meristem )

forming the veinfet. ‘
7.5.3. Types of Selereids - , . e
Sclereids are usn‘ally classiﬁed %ve es which aie as follows: ' ' L

'. 1 B'rachysclerelds (or stone cells): They are more or less diametric. - Their shape often, ig
- like that of parenchyma:cells. They are found in the cortex and pith of stems, phloem and
fleshy parts of fruits. e.g pear cmnamon, guava custard apple, sapota. coconut etc. (Fig.
‘ 77A&B) e _
2. Macroselereids (Rod cells or Malplgluan cells ) They are rod like or columnar in. shape
~ eg. seed coats of the Fabaceae (pea, bean etc) (FLg. 1.7 C) L
3 Osteosclereids They are also .columnar but with swollen ends similar to.a bone. T'hesc are . 7'
"¢ again found m seed coats (eg. Pwum satwum) and also in leaves (e.g.Hakea) (Flg 7. 7D S
&E) . ,

4, Astrosclerélds/Asterosclerelds These are branched and star-shaped and occur m the
petloles and leaves eg. tea, lotus and Trochodendron (Fig. 7.7 F). : .

5. Tnchosclerelds These are much elongated and hair (trichome ) hke and may be branched
TN eg. aenal roots of Monstem and leaves of Oles (olwe) (Fig. 7.7 G & H) ‘ o

. i-ﬁ

‘ 7.5.4 Flbres and Thelr Occurrence ; ' ' L : Ny - g ‘

Fibre's are much elongated clements w;th acute end walls, narrow Iumma and thlck secondazy
walls (Fig 7.8). In some instances, they-have -septa and then des:gnated as septate fibres.
Sometimes they are so long that they reach upto’ 55 <m in length as in ramie (Boehmeria nives,
- Urtlcaceae) Ram:e fibres are the longest cells in higher plants and used in cardage. Mature R

- fibres are mostly dead cells. Recent studles, however, mdlcate that septate cells at matumy are
t 'Mng Oeﬂs. Ty . ) o



.o

Fig. 7.7. Sclereids: A. Brachysclereids in the flesh of pear. B. The same in coconut shell (endocarp),

C. Macrosclereids from the epidermis of Phascolus. D,E. O osclereids in the seed coat of pea. F.
Astrosclereid of Trochodendron. G;H. Filiform sclereidg fromghe jeaf of Olea. 1. Macrosclereids.

Fibres are found in stem, root, leaves and frl.mcasi'onally, they occur singly (e.g. leaflets

of Cycas) or more commonly as bundles or ho linder. Fibres are found in association

~with vascular bundles as bundle sheath. ?\

- -Fig. 7.8. Fibres. A,B. Fibres with highly thickened walls. C. A group of fibres showiny unterlocked
ends and simple phitted thickenings. D. A. fibre trachicd. E.A. Scptate fibre trachied. 1. Lumen.

- 85



"‘The ﬁbres are clasSiﬁed lnto two distinct'types‘ -1 xylary-and 2. extrax;ylary fibres.

1 Xylary ﬂbres They are an mtegral part of the xylem and develop from the same menstem ‘
which gives the other xylem elements. Though their origin is same, the fibres are of different

- shapes. On the basis of wall thickness and the nature of pits, two main types are dlstmgulshable .
among the xylary fibres - a. lerll’orm ﬁhres and b. Flbre-traehelds X

The libriform fibres ‘are longer than the tracherds with thch they occur. Further the
libriform fibres are w1th extremely tthk walls and narrow lumma, and simple often. lenncular
p1ts(F1g81 b.. C e . S

The ﬁbre- trachelds show medium wall thrckness. They have walls thlcker than the trache:ds
but less thrcker than the libriform ‘fibres. The" fibre-tracheids are relatively shorter than the

. libriform fibres and: possess small narrowly bordered pits. By and large, fibre~tracheids show
. mtermedlate character when compared with hbnform ﬁbres and tracheid (F]g 7.8. D.).

The ﬁbres of the branch woed in the dicotyledons are charaetenzed by the presence of

' inmermost layer (G-layer) of the secondary wall with much oc-cellulose and little of lignin. They. "

are. known as gelatmous or mucllagmous fibres. -

2 Extraxylary fibres: They oceur in parts other than the xylem tlssue When encountered in’
the phloem they are also known-as bast fibres. On the basis of their occurrence, the extraxylary

~ fibres -are sometimes classified mto a ) Phloem fibres, b) cortical fibres and c) perivascular

-+ fibres. -~ . . . 0

" (eg., Aga‘vc, Musa textilis ) are not

Mublenbergia and the entire plan

__7.5.6. - Economic Importance of the: Fibres . Q

are not fibres botanically are also included u he term fibre.. For example, the epldermal

In lndustry- and commerce, the term fib%::a oose appllcatlon Many elements whlch
hairs of seed ceat of cotton (Gossypw$ es obtained from the monocotyledonous leaves

landsio are used as commercial fibres. Likewise, kapok .

bupdles along with the surround%at s of fibres. Similarly the vascular system of roots of
halrs from the inner surface of the capsule (fn.ut)

fibres of Ceiba pentandm originate

Most of the rmportant commercral ﬁbres are: assocrated with the phloem They are flax :

(Linum usztat:sszmum) jute (C’orchorus capsulam and - C olatomta) and ramie - (Boehmeﬂa
.nwea) : . . :

Commeraal ﬁbres are dlvlded into hard ﬁbres (W1th lugh hgmn content ) and soft fibres

’ (with httle or no lignin content)., Hard fibres are from the monocotyledons e.g., Agave sisalana

(azsal) Tillandsia usneoides (spanish moss), Musa textzhs {abaca or manila hemp) etc. Soft™
fibres are flax, hemp (Connabis sativa), ramie, jute, kenaf (Hibiscus cannabinus) and kapok. °
All these fibres are of great use to the mankind ’I‘hey also provlde mechanical strength to the

-plants in which they are present

7.5. 7 Companson of Collenchyma wrth Parenchyma and Sclerenchyma

Structurally collenchyma is closely related to parenchyma Both tissues have protoplasts i
capable of resuming meristematic activity. In both, the cell walls are primary ‘and cellulosic.
When collenchyma and parenchyma lie side by side, they intergrade with each.other. The main
difference between these two tissues is in. the . thicker walls of the collenchyma Further the

B collenehyma cells are. elongated than parenehyma cells, -

86

"~ On'the other hand the collenchyma though constrtutmg supporting tissue like sclerenchyma,
differs from the latter, in the nature of its cell wall and protoplast. Sclerenchyma has ngxd
lrgmﬁed secondary Walls and rs a dead tissue at matunty _ .

the real sense. The latter includes the vascular ©



Check Yom' Progrees 3
What is the dlfference betwoen macro sclerelds & osteosc]erelds "

Note: (a) Wnte your answer in the space gtven below ) - ‘ R L

- (b) Compare your answer with the one glven at the end.

7.6, LATICIFERS B o

Latlufers contam a liquid cal]ed latex Many metabollc by-products are suspended in this

latex as particulate matter. Laticifers occur éither in single cells or series of cells forming tubes

or vessels. As the latex is under pressure in thc laticifers, the latex oozes out when the laticifers - )

'they are commonly assoc1ated with phloem nssue Lat1 ifer: rescnt in about 20 anglospermous '

are cut. Laticifers are distributed in all parts-of the plant fody including the embryo. However,

famllles. '

Latex is present as a suspension or as. em@ Its chemical nature varies from’ species .

to species. It may contain ca:bohydrates, acids, alkaloids etc, in solution.and terpenes,
oils; resins, rubber particles, starches rigd part1c1es. The colour of latex is milky white in
Euphorboa, Lactuce, Asclepias, yello

- in Papaver or colourless in Mo% o
‘.‘7.6'.1_; ,Types B ™

Argemone, yellow-brown in Cannabis, Yellow-orange -'

' Lam:lfers are dmded into tWo mam type:'2 1. Non artlculated laticll’ers They are also

called as latex cells or simple latlc1fers 2 Amcu‘iated latlclfers They are also called as latex
: _lvessels or compound laticifers. - ,

1. Non articulated latncifers (Flg 7.9 A) They are smgle cells. .They arise from some of the'

meristematic cells of the embryonic stage or from the meristem of developing shoot. As the plant

~ - grows, the latex cells also develop and enlarge. They enter into other tissues. The latex cells show

. apical growth and they branch out, Non articulated latex cells show multmucleate (coenocytic)
condition with scanty cytoplasm ang thicker walls than the neighbouring cells. The non articulated

" laticifers are found. in the Apocynaceae, Euphorblaoeae Moraceae and Urticaceae. The non

. articulated laticifers may be branched (e g Neﬂum oleander) or unbranched {eg. Cathamnthm)

2. Artlculated Iatlclfers (Flg 7 9 B): They are compo\md in orlgm i.e. they develop rom a series
of celis whose cross walls break down completely or partially. Ontogenetically, these compound

laticifers'are comparable to the xylem vessels and sieve tubes of phloem. The articulated laticifers

are coenocytic. Like nor “articulated lat:c:fcrs, the artlculated lat;cxfers also originate from the -

embryomc stage

Articulated lauc!fers “are fouﬁd in the Asteraceae. 'Convolvolaceae Euphorbiaceae,

' Papavaraceae Caricaceac, Sapotaceae, Liliaceae, Musaceace. Some common examples are
T 87

- pOPPY, banana, mbber p]amt (Hevea bmmhensss) and Ipomoea. =



- Fig. '7-’,9; Laticifcroﬁs tissue. a. Latex c@mx vessels.
" . Some of the supposed funcitons of laticifers : follows:
1. Laticifers are considered to repre cxcétory system.
2. Laticifers are supposed to form a Sgretory system in the plants.
3. Latex is of nutritive value i lants. '
4. Latex is considered to be a resesve material,
5 ,

latex contains metabolic by-products.

'_ 1.63. 'Eéonqmié Importance -

Commercially, latex is the most useful one among the plant secretions. Rﬁbbef is obta’ihcd ,

‘from theé latex of bark of Hevép‘ brasiliensis (para rubber plant ) of the Euphorbiaceae . The latex
“of this plant contains about 30% rubber. It yields about 2,000 Ibs. of rubber per acre annually.

Manihot glaziovi, Ficus elastica (Indian rubber plant), nyptostegia grandiflora. Parthenivm

argentatum also give rubber but their yields are very low when compared to Heves. The latex

of Papaver somnifersm (Opium poppy ) gives opium ‘whose importance in medicine needs no’ R
emphasis. Guttaperchais obtained from the latex of Palaguium and employed in the manufacture

of dentures, golf balls, underground and underwater cables. Chicle obtained from the latex of * -

" Achras sapota, is used in the-preparation of chewing gum. Latex screted by the plants of the

Euphorbiaceae contains hydrocarbons and other substances similar to petrofeum.

Check Your Pfogrgss‘ -4

What are laticifers ? How mariy types of laticifers are there? What are' the differences between.: .

88

them?

Note' (a) Write your answer in the space given ‘7‘_‘5‘0""’_-
(b) Compare your answer with the one given at the end.

L2
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"7.7. SUMMARY -

A group of cells having common origin, structure and function consutute a tissue. Slmple

- and complex tissues are seen in plants. In a s1mple tissue all the cells are of the same type.

* The parenchyma is the most common simple tﬁowd nssue) and of dlfferent types
such as chiorenchyma, aerenchyma etc. The parench ls are living cells at maturity. The

cells of collenchyma are thick-walled with the nings confined to specific areas of the cell
wall. The sclernechyma tissue is a dead tlssue rity with thick-walled (tignified) cells that
give mechanical strength and rigidity to t t body. Laticifers which alse constltute a‘simple .

tissue contain latex and occur as single ce 0 tubes

78, CHECK YOUR P% ss MODEL ANSWERS

1. Idiobiasts are some 'sbec d parenchymatous cells with tannlns mmeral substances'
myrosm, oil substances and resms. .

2. The thlckenmgs are conﬁned to the angles of the cells in angular collenchyma where as the‘
‘ -tangentlal walls are only thickened in lamellar collenchyma. C '

3 Both macrosclerelds and- osteosclere1ds are: rod shaped or columnar in shape but the
_ osteosclereids have swollen-ends. ' : : -

4. aticifers are the cells which contaln a mrlky\whrte yellow brown yellow orange or colourless

liquid called latex. Laticifers. are of 2 types . They are (a) Non articulated and (2) Articulated
laticifers. Non articulated laticifers are single cells whereas articulated laticifers are formed
due to the fusion of cells end to end by the breakdown of the cross walls ‘

7.9 MODEL EXAMINATION QUESTIONS

1. Answer the followmg questlons in about 30 lines each.

L Wnte briefly about: the structure, types and functron of parenchyma.
2. Give 5 detalled account of collenchyma. - “
E - 3. Write a detailed account on sclerelds

4 What clo you know about the plant fibres? lee a bnef descnptson of various ﬁbres
Add a note on the economlc importance: : . ,

-



. what are Ianclfers? Gwe an account on the types of lat1c1fers w1th a note on the:r
_ econormc unportance .

6. Descnbc bnefly the diffcrent types of sunple nSSues encountered in thc plant body
7 |

.Compare and contrast the parenchyma, collenchyma and scierenchyma.

II Answer the l'ollowlng questions in about 10 lines each

90

. a- W

Wnte a brief aocount on Parenchyma
- Give a brief’ aocount on colicnchyma.

_What are the dlffetent types of sclerelds'? Explam thcm with cxamples.

How are the ﬁbres clasmﬁed" Wnte a bnef account on each one of theln

'erte about thc économic lmportanoe of fibres. .
How are the latmnfers lelded‘P write briefly. about cach one of thcm

'.What are the functlons of lathlfel’S'7 Add a note on the econon'uc 1mportance of
. laticifers. . : .
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8.1. OBJECTIVES

By the end of 'this unit-you will be 'able to: -

1. list out the dnfferent kmds of elements that are present in xylem and phloem,

2. draw and desenbe the structure of tracheary elements xylem ﬁbres, xylem parenchyma, sieve
elements, companion cells, al'oummous cells, phloem parenchyma and phloem ﬁbres,

3. list out. and dlfferentlate diveise types of perforatlon plates of vessels,

- 4, dlstmgursh the three components of epxdermls- p1defmal cell complex, stomatal complex

“and trichome. complex,

9
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"5 draw the structure and label the parts of epndermal cells, costal cells, specral eprdermal cells-
and stomatal eells,

6. list out and distingujsh between various—trichome types and

/7. list out the dlfferences between root eprdermls and shoot eplderrms and also the functrons o

7 of eprdermrs.

b

8 2,. INTRODUCI‘ION

€ . \

- The complex tissuesare composed of more than one type of cells. They are thus heterogeneous S L
in nature, e.g. xylem and phloem. Two or more types of tissues form a tissne system. On -
the basis of topography of thee. tissues, three tlssue systems are recognised. 1. epidermal tlssue' o

) system, 2. ground or l'undamental tissue system and 3. vascular tissue system.

| 3.3; _ XYLEM' .

Xylem (Gr. xylos = wood) is a complex tissue, It is the prmc1pal water conductmg trssue
in the vascular plants. Along with phio¢m, it forms the vasgulature of the plants. The xylem
is present in all the land plants viz., pterrdophytes gymnO%s and angiosperms. _Therefdre, :
all.these plants together constrtute the Trachaeoph)@me em has thick lignified and hard o
' walls ‘ : . . o

Further, they also provide the mechani t. The Xylém originates from two sources. 1.
Procambium of the apical meristem, whic es rise to the primary xylem of the primary body;
and 2. Vascular cambium, whrch se to the secondary xylem, The first formed primary =
xylem elements are referred toasp Iem and those developed later as metaxylem ;

Xylem elements conduct and transpoii wal€r and mmerals to all parts of plant, body

- Inthe xylem trssue, drfferent kinds of elements are encountered They are tracheary elements
(tracheids and vessel members), fibres, xylem (wood) parenchyma and xylem rays. Of these,
. only the xylem parenchyma and xylem rays,are living and the rest are dead cells at maturity.

B 8.3.'1._ : Traclllesry elements "

The traehleds and vessel members together represent the trachesry elements They are .
.'lmear in shape PR _ S K ,

Tmchieds (Sanio, - 1863) originate from single cells. The 'end walls of tracheids are °
imperforate (Fig.8:1G). On the other Hand, vessél members are joined end to end to form
tube like structures called vessels (Trachea). The fundamental character of the vessel members

~ isthat their end walls are perforated where they are in contact with the other vesel members. .
The individual cells which participate in the formatjon of the vessels are called. vessel members
or vessel elements (Flgs. 81A- F & 8 2) ' - : '

' Nature of. perl'oration plates ol’ vessels: The portlons of the cell wall whrch bear the/perforations_, .
are called as perforation plates. These are as a rule, mostly confined to the end walls of the vessel
members. The perforations are of diverse types viz,, 1) simple, 2) scalariforny, 3) reticulate and

.4) foraminate, Of these, the latter three types are together referred as compound or multrple

92 perforatrons.
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Fig 8.1. Cell types in secondary xylem. A- C Wrde vessel members. D-F. Narrow
vessel members. G. Tracheid. H. Flbre-traeherd 1. Libriform fibre. J. Ray
parcnchyma cells. K.Axml parenchyma strand. 1. Ray cells. 2. Simple'perforation.

1. Srmple perl’oratrons When single large perforat1ons are seen at the end wall of the vessel
'member they are descrlbed as simple perforatrons (Frgs 81B& G 8 20). ‘ ,

2. Scalariform perforatrons These are represented by many. more or less transversely elongated
or bar - like perforations (Fig. 8 2 ABD). , ST

‘ 3 Reticulate perforatrons Perforatlons formmg a ret1culum or net-work, at the end walls of- o
the vessel members .

4. Foraminate perforatmns These are replesented by a number of more or less rounded
= perforatlons at the end walls of the vessel members

The scalariform perforatrons are consrdered pr1m1t1ve, and the simple perforatrons the
most. advanced r : o

o

The tracheid is the fundamental element of the xylem t]ssue and is. eons1dered inore
primitive than the vessel member. The vessel members have developed from the tracheids.
~ Vessel members are shorter than.the tracheids. While the tracheids are found in all vascular
plants, the vessels, however, vutside the angiosperms, are encountered in the Gnetales of
gymnosperms and Selagmella, .Eqmsetnm, Pteﬂdmm and Marseha of the ptcndophytes. : 93



- types (Fig. 8.3). 1. annular (secondary wall confined to rings over the primary wall) 2. spiral .

Fig 8.2. Vessel members. A - C. End wall of vessel members with perforatlons. AB.
vessel members, scalariform perforations.  C. Simple. “perforations. " D. Scalariferm
. perforauon plates. E. Simple perforatlon plates. F. Simple perforation Plates, . 1.. Per-
foration Plate. 2, Bordered pits 3. Pcrforat:on pla%Taﬂ 5 Splral thickenings.
) . ! )

A

Intermedlate forms between typrcal tracher vessels also occur. ffhey are called vessel
- tracﬁelds or vessel member-trachelds which ogous to fibre -tracheids.

R

—_—

CheckYourProgress 1 A . o
E Whatrsthedlffereneebetw n!ial{eidsandvessels?_ - o

Note: '(a) Write‘your answerﬁspace given below.
(b) Compare your answer w1th the one glven at the end

B T T T I T

R R R A R

Structure of seeondary wall: The secondary wall of tracheary elements is moderately thick, .'
hard and lingnified.. The secondary wall depos:t:on of tracheary elements varies considerably,
On the basis of thickening patterns, the tracheary elements are distinguished into the following

or helical (secondary wall as helices), 3. scalariform (secondary wall ladder like), 4. reticulate
(secondary wall as a net) and 5. pitted (sécondary wali deposition completely covers the pnmary :

wall excepting small unthickened areas calléd' pits) (Fig. 83). There is a gradual increase -
-in the secondary wall deposmon over the primary wall starting form the annular type where .
* the deposition is confined to rmgs. The maximum secondary wall format]on 1is seen in pltted

tracheary elements (Frg. 83). .

0f the above, the ﬁrst formed ones are the annular, spu'al and reticiilate thlckenmgs. ’Ihey._'

- are found in the protoxylem. Pitted elements are characteristic of the laté primary xylem and

secondary xylem. However, all these clements need not be present in the same plant. Further ‘

94 mtermcdlate forms are also present e.g. scalanform retlculate thlckenlng
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Fig 8.3." Different types of localized thickenitigs of the cell wall in LS. A-B. Annular,
© . C-D. Spiral: E-F. Scalariform. G. Reticulate. H. Pitted ( simplc). L Pitted (bordered).
' Pltﬂng:'.T_rachearjrc_lements:communicate with the atjacet celis through the pits. The pits
are bordered. Bordered pit pairs are seen betwg€fiNwvo neighbouring tracheary elements and
constitute the intervascular pitting. Between % s elements and fibres very few or no pit
connections exist. Tracheary contact with tem"parenchyma is through a half-bordered pit
‘pair, i.e. bordered pit on the tracheid side %’simple pit on the side of parenchyma.

On the basis of arrangement of pfts tracheary elements, three patterns are discernible

(Fig8.4). Q oo o L
) N ‘Scal‘a'ritm"mpitting: Thé pits c”tranqu:_rsély eiongated and arranged in longitudinéi TOWS
2. Oppdsite pitting: .The pits are circifar and elliptical and arranged in horizontal Tows (Fig 8.4
3. Alternatc pitting: The pits are again circular or oval and arranged in oblique or diagonial '
- TOwS (Fig. 8.4.0). S o e : I

: Ji 0

&S §6§ ad 66@9

. Fig. 84, Mmgementofboidemdp{ts_invessclwall A.Scalariform o
" (Magwolis). B.‘Opposite ( Liriodendron). C. Altornate (Jakis)..

-
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. Of these the scalanform p:ttmg is the most pnmrtwe and found commonly in lower vascular i_ o
B plants (ptendophytes) . _ ) : S

_8.3.2. Xylem Fibres

As has been described earlier under sclerenchyma (umt 7) the ﬁbres are assocrated wrth -
_the xylem and provude the meéchanical strength to the plant body. Xylem fibres are of two types: .

\

1. ‘Fibre tracheids, (Fig.8.1 H) and 2. libriform fibres (F1g.8 11). The libriform fibres resemble -

'the phloem ﬁbres For further detarls, refer to the xylary ﬁbres under sclerenchyma.
833, Xylem (Wood) Parenchyma ' S
' A It is the only living component of the xylem The oell walls are thm or thick walled They are
‘.partlcularly meant for storage of starches or fats. Other materials like tannins, crystals etc., may
~-alsq be present in these cells. Further, parenchyma cells are also involved directly or mdrrectly' _
with the translocation Iof water and mineral salts. In the secondary xylem parenchyma OCCBIS h
chleﬂy in two forms ST .

i

1. Axml parenchyma The parenchyma cells are arranged end to end in vertlcal rows among the
treacheary e]ements These cells are rectangular to elongate w1th horlzontal end walls (Frgs 8.1
K & 3.5 A) . . S

2. Ray parenchyma Tlus is representecl by parenchyma cells alrgned horrzontally or radrally '

) (Flgs 81J&85B) oo R \
84 'PHLOEM o '_ \}
Tihe phloem is also- a complex trssue like the These two tissues together constrtute .

the conducting system of vascular plants. em is mamly involveéd with the conduction of
-food products from leaf the seat of Q 0 thesrs to the areas of consumptron and storage

- _The term phloem was ﬁrst ageli ( 1858). 'l"he phloem was also referredr to as bast .
or leptome. Similar to the xyler%hloem also develops from two sources - procambium and .

. vascular cambium. The procamb gives rise. to primary phloem and the vascular cambjum -
to secondary phloem 'I};e primary phloem consrsts of protophloem and metaphloem '

. The secondary phloem is always produced in limited quantities than that of secondary xylem -
T As the tree ages; part of the secondary phloem gets crushed and becomes nonfunctional.

‘ 96 B o ﬂ'g:l 8_.5.:'Xylem parenehyma. ‘A Axial parenchyma, B..Ray'pare_nehyma.‘



The phloem is composed of sieve elements (sieve cells, sieve tubes), companion cells,
. phloem parenchyma, phioem fibres and phloem rays. The phloem is associated with xylem in
the vascular tissue system. T ‘ :

'

" 84.1. Sieve Elements .

Thé'siévé elements are greatly specialized cells in the phloem and are represented by 1.
sieve cells and 2. sieve tube members. These are primarily involved with the conduction of
organic solutes. : - . SN

Sieve celis: They are narrow and linear with the end walls pointed. The sieve cells are joined
end to end wherein their inclined end walls overlap. The sieve areas are sieve like wall areas .
with pores through which protoplasts of adjoining sieve cells are interconnected. - The pores
in sieve areas are narrow (Fig.8.6 E). They are present on lateral walls in gymnosperms and -
pteridophytes. The important difference between the sieve cells and sieve tube members is that
the former show only sieve areas and do not possess any sieve plates on their end walls. Sieve
areas are comparable to the primary pit fields with plasmodesmata. Sieve cells are an important
component of phloem in the lower vascular plants and gymnosperms. ' -

Sieve tubes: A sieve tube is a series of sieve tube members connected end to end in vertical
rows, by means of sieve plates (Figs. 8.6-8.8). Sieve plates represent highly specialized sieve
areas with relatively larger pores and restricted to specific regions. The sieve tubes in the phloem

- are the counter parts of vessels in the xylem. ’ '
Sieve plaies: are mostly confined to the end yalls _bhnc sieve tube mémbérs a*.id- aligned
transversely or obliquely (Fig:8.5 -'8.8). Sieve s are distinguished into two types on the
basis of number of sieve areas. They are : 1. Silnp)ésieve plate- ‘Wherein only one sieve area is
present. e.g. Cucurbita. 2. Compound sie te-wherein many discrete sieve areas are present

plates of the vessels. Throug ide pores of sieve plates, thie protoplasts of the neighbouring
sieve tube elements are conné in the form of connecting strands (Fig. 8.7 A). Sieve tube

(Fig. 8.6). e.g. Vitis, Pyrus malus €
. Sieve plates are characterisE'c of dngiosperm phloem. They are compﬁrable to the'perforation
members with compound sieve plates are pri_mitiv_e and those with simple sieve plates are advanced.

Fig, 8.6. Sive - tube metnbers of Vitis. A-B. LS of compound sieve plates between tvo elemonts.
C. Surface view of two compound sieve piates. D. Sieve tube elements with companion cells.

*_E. Portion of the sieve. cell of Pinss. 1. Definitive callus. 2. Sieve arca. 3. Companion cell
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-Fig'&v. Sigve elements. A. Sieve tubes in LS. B. Sieve tub LS C. Sieve cell iri LS. -;' N
and T.5 1.5 late. 2. Sieve-tubes. 3. Companion®gglisy 4. Phlqel_n parenchyiﬂa.

“+ Calloses:The- connecting ‘strands ére;=ihe..'£ohneCQof protoplasts of nelghbourmg siev

that stams blue with amlmc blue. 'In other wafds each pore is lmed ‘with callose {Fig. 8.8).

-

Fig. 8.8 Structure of sicve area ot’ an angiosperm in surfacc (A) and sectmnai (B) views (dla— .
grammatlc) ‘1 anarywal! 2 Callose cylinder. 3. Conncctmg strands. 4. Maddle Iamcli& e

198

*-el¢ments, “Fhe:connecting strands are- surrou'nwa small cylinder of callose - a carbohydratc'



The . callose"is chardcterlstlc component of the sieve ‘elements. The callose accumulates

rapldly in response to injury in the sieve elements. When' the ‘callose’: ‘incredses considerably; .
it forms.callus pad.’ The. deposition of. callose mcreases ‘diiring inactive: season and decreases -
in the active season (spnngJ time). Eurther as the sieve ‘element ‘age§ more and more callese o

accumulates and the pore gets constncted and later\ more of less COl _pletely obhterated =

: th;ckness of the wall varies con51derahly among the plants In fresh sectlons, the wall of's
elements show shmy appearance and termed as necreous (havmg a pearly:lustre) e.g. Magnolit.

: Protoplast The phloem 1s an umque tlSSlle w1th many mtngumg characterlstlcs.' One lmpo ]
\ Fig.89). The

' ’degenerated nacleus may elther remam as a oollapsed body

dlsappears completely Asithe .-

- ‘maturation of sieve element takes place, the endoplasmlc rerlculum' (ER) diniinistiés in ‘am it

and the ribosomes and dictyosomes are not discernible. Though the plasmalemma continues

to function, the tonoplast breaks down and no distinction is maintained between:the cytoplasm '

* and the vacuole (Fig 8. 9 D). Only plastids and m]tochondna remam m the sieve elements

A proteinaceous matenal called P-protem is commonly present in the 31eve elements (Flg

8.9 B). It was formerly known as shimné, Tt ‘readily “stains-with: cytoplasmic: stains: I’ the:later

stages, the slime accumulates at:the’ ends of ‘the sieve tube elements. These, accumulahons are

- termed as slime plugs. —_— 0

R Fig.. 8 5. Dlagrams |llustratmg the dlffernnahen ef a sleve e!ement A ‘Precirsor of sicve €lément in dmsmn
. B After division sieve elemant with nacreous wall and P- Protein body dmdmg ccmpamon cell® precursor
_(eirlppled) C. Nucleus degeneratmg, 'onoplast artly brelv.en duwn P—protem dlspemed medias cavities in

; futere sieve plates, two companion cells (strlppled) D Mature sieve elemem, pores ‘sieve. plates open,
they are lined with catlose and contain some P-protem, ' endoplasmic”reticuluii'is ‘Shiown. T: iNecreous
wall.. ‘2. Protein. 3. Plasmodesmata 4 Rucleus. 5. Tsﬂoplas,t. 6. Plastid, 7. Porc. -8 Comtpanion o€l

8.4.2 Companism Celis and Albumimue Lells

Con_:paman celis are pa:‘emhyma eell 'i"a. d wi ‘
~ controlling the transiocation of & ) (‘fags 3 5 D; 877 & 39) Thﬁ? Originaté from the

-39



same mother cell which gives rise to the sieve tube element. The compamon cells retain the '
nuclei throughout their life. Each sieve tube element is generally associated with one to many
companion cells. The companion cells cannot be easily separated from the sieve tube elements.
The length of the: companion cell varies considerably. They may be-as long as or shorter than
the sieve tube elements. The walls between the sieve tube elements and the companion cells
are connected with one another by means of sieve areas on the side of sieve tubes and pnmary
pit fields on the 51de of the companion cells.

In the gymnosperms no compamon cells are present. Instead, albuminous eells (wluch
possess albumin, a proteinaceous substance) associated with the sieve cells are seen. They are
also readily stainable with the cytoplasmic stains. The main difference between the albuminious -
cells of the gymnosperms and the campanion cells of angiosperms is that the former are not
ontogenetically related to.the sieve cells-as is the case with.companion cells and sieve tubes.
However, the albummous celis show morphologlcal and physmlogucal relationship with the selve
cells. .

‘Check Your Progress -2 =«

What are the companion cells and albuminous cells ?

Note:  (a) Write your answer in the space given below.
(b) Compare your ‘answer with the one given at the end.

------------------------------------------------------------------------------------------

R L R T R R R R
........................................................................................
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843, Phlolem Parenehyma

In addition to the companion cells ‘the phloem also possesses phloem parenchyma They- :

~are tabular, subspherical or polyhedral in shape. Parenchyma cells contain several ergastic
. substances such as starches, crystals, tannins etc. In the secondary phloem they are in two
forms: 1. Axial parenchyma and 2. Ray parenchyma. The former is vertically placed parallel
to the longitudinal axis of the sieve’ elements The latter is honzontally ahgned and constltutes :

_ the phloem rays.
8.4.4. Pholem Fibres

- . Inmany seed plants, fibres are one of the components of the phloem. They are present inthe
. primary and secondaty phloem. The phloem fibres are of considerable commerc:al nnportance '
100 The details of these fibres have been presented under 'sclerenchyma -

4
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8.5. EPIDERMIS

Epidermis (Gr. epi = upon ; derma = skin) represents the protective covering layer of

primary body, of land plants. It is one of the three fundamental tissue systems recognised in-

the plant body (Haberlandt, 1914). Unlike the other two systems (viz., the ground and vascular.
tissue systems), the epidermis displays greater diversity in structure and function, as it is directly
exposed to the environment. .~ :

Epidermis is normally one layered (uniseriate). In some planis, however, the protodermal
cells divide periclinaly and result in' a multi-layered (multiseriate) epidermis e.g. Nerium, Ficus,
velamen of orchid aerial roots (Fig. 7.2). -

In plants showing tunica - corpus organization of the shoot apex, the epidermis is derived
from the tunica. In those plants without such organization the epidermis arises from protoderm
- the outermost layer of the apical meristem (Haberlandt, 1914). However, in the root (which
later produces root hairs), the epiblem or rhizodermis has a common origin either with. the

" cortex or root cap (unit 6).

A layer of cutin (fatty material) is generally deposited as a special layer over the surface
of the epidermal cell walls of the shoot system of land plants (Fig. 8.10): This layer is termed
cuticle (cuticularization). Sometimes, gutin does not @continuous layer but is confined
" to localized areas in the cell walls of the epidermis (cuti iz
the radial walls of the epidermis e.g. Musa, é ‘

Fig. 8.10. Epidermhl cells. A, Aloe. B. Allitm {Onion). 1. Cutinised layers. 2. Cutiéle.r 3. Ccilulose layers.

‘The thickness of cuticle varies in different plants. Plants in dry habitats show thicker
cuticles. Distinctive cuticular patterns often preserve many of the characteristic features of the
underlying epidermis. '

The cuticle is im‘pcnﬁoué to water and restricts transpiration'besidzs providing protection -

(Fig. 8.11.) It is also resistant to micro-organisms as well as decay and this explains its usual
- representation in fossil plants. ' 7 IR : . '

‘Wax occurs as surface deposit (Fig. 8.11) in the form of ‘bloom’ in many glaucous leaves

and fruits e.g. lotus leaf, grapes. The wax may be deposited in large or small flakes or granules,

tion). The cutin is also present on

rods, sheets etc. Knowledge about the wax coating of plant parts is vital in the use of herbicidés

“and fungicides, as waxes resist wetting by sprays.

" The plant epidermis is distinguished into three compbneﬁts: 1. Epidermal celt complex,
and 2. Stomatal complex and 3. Trichonte complex. ' _ :
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Tt forms bulk of the epldertms 1t consists of 2 pidermt], ¢ tal and special, epide
: ‘-..‘ ) . ) . ~ -;' .
' _I."Epidermal' cells: They are compactly arr. into a single layer without intercellular spaces.
; 1.cross=section apdsodipmetric or linear in surface view. The protoplasts .

d phd sually devoid of chloroplasts. In surface view, the
Bd, wavy or deeply sinuated (U, Vor W - shaped). 'I‘hc
a ted or vanously ornamented (Fig. 8. 12)

- 2. Costal Cells These cells are conﬁned to areas overlymg the veins and dlffcr from thc other
="ep1dermal -cefl elemiénts. . They: are;.in general, elongated in- shape and onented paral!cl to the

' long axis of the veins conccmcd (Flg. 8 13)

"'r?",.‘.-
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U Fig, ‘813 Sida cordata-Siirface view of lame

_ i face v , NS 14NTSS. of the-leaf:of Ficus elastica.
" ifia abaxial with"costal cells'on the left:side. - :

tiple epidermis.:.v 27

-3. Specisl Epidermal Cells: Thése om either of the above elerhents in some specific .
character e.g. mucilage cells (MalvacCege. Lythraceae), tannin cells (Saxifragaceae), myrosin
celis (Brassicaceae), cysiolith ceae) (Fig.- 8.14). Silica and cork cells (Poaceae) (Fig.
8.15 B} and bulliform (maotor) c8 oaceae) (Fig. 8.16) etc. S '

with stomata, B.

Fig. 8.15. Epidermisof sugar cane (Seccharum)in surface ﬁ&wé‘._j A Lmler eﬁﬂérﬁi§:6§ lealw ata, B
Epidermis of stem with cork cells and silica celis. 1. Substdiary cell. 2., Guard cell. 3. Cork cell. 4. VSi]iczi,qell.
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‘Fig. -8.16; Builiform cells in a scctio'n‘ of a leaf of wheat. 1. Bulli_form cells. -

8.52. Stomatal Comoplex

k!

, The epidermis shows numerous ‘'openings or por@d stomata or stomates (Gr.stoma
= mouth). The stomata consist of two guard cells encldsisfg a pore between them. Epidermal
cells abutting the guard cells are called subsidiag % ubsidiary or accessory cells). The stoma

" with its subidiaries is termed stomatal compiex 8gsjématal apparatus (Fig. 8.17 B). A cavity
is present beneath the stoma, known as-swatal chamber which communicates with the

AVA). ' - o

~ intercellular spaces of the mesophyll (3‘ .8 ). :

7 ’ :Fig.=8.11. Stomata. A. In sectional vww B.In surfabe ‘view.'l.'Outc_r ledge. 2. Guard cells. 3. Inner
ledge. 4. Substomatal chamber, 5. Epidermal cells, 6. Stomatal aperture. 7. Chloroplasts. 8. Nucleus.

Distribution of Stomata: Stomata are present on all parts of the shoot including the floral parts.

They may be non-functional on some parts of the plant body. However, they show their maximum
: concentration in the green leaves (Fig. 8.12). Stomata are absent in the submerged plants. On
104 the basis of stomatal distribution, the following three categories of leaves are recognizable.

S
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1. Amphistornatic: Stomata preserit on both serfaces of leaf: e.g. most.of the herbs:

2. Hypostomatu: Stomata conﬁned to the aba)oal (lower) surface of leaf e g ‘most of the .
trees,: o ,

v

3. 'Ep-istomatic: Stomata confined to the adaxial (uppér) surface of leaf. e.g. Nyrnphaeo

In the: amphrstomatrc leaf the stomata are usually more frequent on the abaxial surface.
Further more than one stomatal type may be encountered in any plant surface, but normally
only a smgle type predomlnates

: Theé stomata are variously orrented and irregularly scattered in the leaves of dlcotyledons
- (Fig. 8.12). In the leaves of monocotyledons however, ‘they are orrented and arranged para]lel
to the veins (Frg. 813). - - - : . S -

. The gnard cells may be either above, below or in flush with the rest of the epidermal eells
Iri some plants, stomata are conﬁned to the depressrons in the leaf-the, stomatal crypts eg.
_Nenum (Fig. '72) . iy .

Guard Cells These are generally eiliptic (cresent or k,dney shaped) or crrcular 1fffsurface view
(Fig. 8.17 B). In grasses, the guard cells are characteristically dumb - bell shaped (Fig. 8. 19G.).
The guarad cells are nucleated and possess many chloroplasts. They may also have ledges or
pmjectrons of thick wall.of cuticle (Fig. 8.17 A) ‘

Struetural- Types of Stomata:. The mature sto are classified into various categories on
the basis of their overall configuration. his purpose, the number and arrangement of -
subsidiary cells in relation to the guard gells ge taken into consideration. Further, the structure,
distribution and frequency of stor bire found to be diagnostic and hence of taxonontic

: importance'. The important stomatal tfpes are as follows - S

'

1. Anomocytrc or Irregnlar e (Ranurrculaceous} Stoma with four or more subsidiaries
variable in size, shape and position and indistinguishable from rest of the epidermal cells e.g.
Tridez procumbens. Boerhavia dajf'usa Cleome spp. etc. (Fig. 8.12 D)

2. Amsocytrc or, Unequal Celled (Crucrl’erous} Stoma wrth three smbsrdrarres of which one is
“conspicuously smaller or larger than the other two. e.g. Malvaceae, Brassreaceae etc, (Flg 8.12

C, E, 8.13, 8.17 B).

3. paracytrc or Parallel - Celled (Rubiaceous): Stoma with two subsidiaries parallel to the
guard cells with con]omt walls at the poles. e.g. Rubiaceae. Ipomoea palmata etc. (F.g 8 12 B).

- Draeytrc or Cross - Celled (Caryophyllaceous) Stoma with two subsrdrarres polar in position
with conjoint walls at right angle to the guard cells €. g Acanihaceae, Caryophyllaceae, many
Lamzaeeae etc. (Flg 8 12. A) : : ,

5. Tetracytic: Stoma Wlth four subsrchanes of which two are polar and two 1ateral as in many
‘monocotylendons (Flg BISA&ELVF&G).

' Developmental Types of Satomata ’I‘he followrng is the classrﬁcatron of stomata based upon
their development. : : : :

1. Mesogenous All the subsiciaries and guard cells develop from the same mother cell (Merrs-
temord) to form the sto‘r‘ra e Mﬂi‘mccoe (Fig. 8. 18) B h 1 05’



_ _Fig.;&l& Mcs;‘ogehous pa;tero leading ,to'pera'cytie ‘s_.toma. m Firs't\ mes'ogeﬂe.‘ my. Secon'd -m'esogehe;

2. Perigenous In th:s stoma, the submdnanes and the guard cells are. not formed from the same o
mother cell e g. monocotyledons (Flg 8. 19) S . o

3 Mesoperlgenous A stoma in Wthh one ot more subsuhanes develop ﬁrom same mother
cell as that of guard cells (mesogenous) whereas the remainder are from dlfferent mother cell
(pengenous e. g Cucurbltaceae, Caryophyllaceae and Malvales (Flg 8. 20) S

‘
A

Check'youriProgtees:;% 3. IR

What are amphlstomanc and hypostomatlc leavem' - P

. Note:. (a) erte your answer in the spaz:e leen

(b) Compare your answer wnth the o g en at the end.

Y L R R T IR A R A 1.ooll[r--i.--tp;.rlrg-‘--i--;-tt-.bcoa-----w;..-- ....
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853, ’f’fi_éll:om'e Complex

The outgrowths Wthh are purely c pldCI’H!dl in ongm are desxgnated as trlchomes or hairs. -
-On the other hand, some ep1dermal outgrowths may also consist of sub-epidermal tissues, known -
"as emergences. The emergences may cons ot of. epldennal glound and vae,euldr tlssues (Flg
8. 21) . - :

Tnchome complex constitutes an 1mportanl eomponem of the plant tleeues in general of '

_ the-epidermis in partleular ‘Trichomes (Gr. a growth of hair) usually exhibit great diversity
* in their structure.and hence offer valuable information in the identification of plant material. -
Some familigs can be identified by the occurrence of specific mg:home types. They -are ‘also -

106 useful m the clasmﬁcatlon of many genera and sepecles. '



. Trichomes occur on all parts of 4 plant. They live throughout the life of an organ or they -
are short lived, Even the trichomes may remain alive or dead cells at maturity. Trichomes are .
unicetlular or multicellular, glandular or non-glandular (Fig. 8.22). ‘ : .

.. Fig 819. AG. Development of S!.(_!Iﬁ 'ngxi_n-()é;_t (Avena sativa) internode. The subsidiaty cells .- .
© .+ are perigenous.-1: Guard cell preciygo® Subsidiary cells. 3. Guard cell, 4. Nucleus. 5. Cell wall. ~ ~

R

o Fis. 82(1 A—F Mcmﬁﬂrigsnws pzs‘ttc-rnl-leadihg_ 10.the formation of anisocytic, storaa. 1. First ©
mesogene, 2. Sccund mesagens. 3. Guard cell mothes cell. . 4. Perigene. S.-Guard cells.



head (distal part) (Fig.8.22 B-D). The body of the tl@n

Fig. 821. Uniseriate macroform conical hair subétch;icd by'_én"- emergence. 1. Trichome. 2. Emeérgence.

Morphologically trichomes are distinguished into two parts, the foot and the body, the’
formei.representing the embedded part of the trichome whilg the latter, the emergent part -
(Fig.8.22 B- D). The body may be-entire or differentiated i stallx (proximal part) and the
e shows a high degree of structural
vesicular, stellate, peltate, tufted,

diversity. It may be conical, filiform, clavate, py

‘flagellated or candelabrum like etc. (Fig.8.22). g;

~ There are number of trichome hich secrete various substances like sa!t SOIuﬁon,
sugar solution (nectar, terpenes an ms\(polysaccharides). These secretory trichomes are
known as glandular trichomes. - ' s ‘

Salt and Chalk Secreting Tﬁ.ch',(imes: They usually occur in:halopﬁﬁcé‘ and help in rcmoving'
the excess salt. Each of these consists of a bladder - like secretory cell at the end of a narrow

. stalk.. At maturity, the secretory cell dries out, the sait mntent\rémains" on the leaf as white:

108

powdery layer.

The salt glands. are often in the form of many - celled tricljomcs e.g. Limonium, Avicennia,
Tamariz (Fig. 823 A). . o : ‘ .

~ Chalk secri:tiflg glands occur on the ‘leavcs_of Plumbago é@pe'n.s_ié and Armerie maritima
(Fig. 823B). .~ . = ST L | ari

Mucilage secreting glands: Mﬁcﬂagc or slimé secreting tr_ichomés oceur in Rumez and Rheum,
The secreted mucilage is mainly a polysaccharide and extrudes through the pores in the. cuticle
or by its rupture (Fig. 8.23 C). : _ S . o

Nectar secreiing trichomes: In many plants nectar is secreted throngh unicellular (in the corolla
of Lonicera japonica and Tropaeolum magjus} or- multicellular hairs (Hibiscus, Abutilon and many .
other Malvaceae) (Fig. 8.22 C). Nectar Secreting hairs and also epidermal cells are ¢specially

tich in endoplasmic reticulum (ER). ' : : B S



Fig. 8.22. Trichome types. ‘A Unicellular «conical hair. B. Uniseriate filiform clavate hair, C. .
Uniseriate filiform pyriform hair from nectary located at the basé of sepal adaxial. D. Uniseriate .
filiform clavate hair with long multicellular stalk. E. Multiseriate aseptate flagellate hair. F,.G.
Multiseriate aseptate stellate hair. H. Same in T.S. of stem. L Multiseridte aseptate tofted .
" .. hair jn T.5. of stem. J. Candelabrum like trichome from the leaf of Verbascum. K. Dendroid

_ hair, from Javender leaf. L. Multiseriate aseptate-peltate hair. 1. Foot. 2. Stalk. 3. Head.

109
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8.23. Glandular trichomes A. TS. of .tlié"teaf\éf Tamariz showing a multiceliular salt gland. B.
chalk gland of Plumbago capensis in surface view of the epidermis. C. Slime secreting trichome
of Rumez m.m'mn 1;- Cuticle 2. Pore. '3i'- Secretary Cells 4. Collecting cells. 5. 'Gland.

Stmgmg hairs: The stmgmg halrs are a hlgh}y specmhzed categmy of: glandular han‘s. The

trichome here, has.a broad bladder like base and a distal needle-like secretary cell’ unpregnated

-with silica at its tip and with calcium a little lower. When touched, the spherical tip resembimg :
the tip.of a syringe breaks off and easily penetrates the s%mto which the poisonous, 1mtatmg _

cell contents (histamine and acctylcholme) are injected rlica (Flg. 8 24).

K Fig. 8.24. Stinging hair of Urtica divica. A. With the hair focus on the surface of the
} tnchome B. Focus on the centre of trichome. C. Intact tip. D, Trichome with broken tip.

Based upon their:structure, the tnchomes are distinguished into various catcgones viz, .

_ Umcellular trichomes, 2. Uniseriate- tnchomes (ﬁhform and macroform) 3 Bisenatc trichomes
and 4. Multisaeriate trichomes. e

',8.5.4. Rhnzodermis and RootHalrs .

The root epndemus is often desa,nbed under a scparate name - rh!zodermis or epiblen
(Linsbauer, 1930): The rhizodermis dlffers from the shoot epldermls in ongm, structure and:

function.

e,



‘Root hairs are distinguishable from the other epidermal hairs in several ways. They are
mere tubular extensions of the rhizodermal cells, a little distance away behind the root tip.-In
1somc, plants, the rhizodermal cells giving rise to root hairs:are smaller and with :dc'ﬁs«: cytoplasm, -
'They-are termed trichoblasts or piliform cells ¢.g.- grasses (Fig. 828). - - s

Fig. 825 Epiblom of roct. A. Young f.'m: forming trichoblasts. B, Simi

lar cells after root hairs had develo m them, 1. - Trichoblast. 2. Réot hair, 7

N Root hairs usually have a thin Q;i made of ceflulose and pectic substances. Root hairs live o
 fora'few days only and coﬂs%ne ones replace the old owes. S

_R_obt "hairs 'iné_rcase fhp-a}.rs_ thinig surface of the fubt. The main biological advantage of
the root hairs is that by means of their lateral extension, they come into contact with otherwise
untapped sources of water {Rosene, 1954). ' _— ' o

T

85.5. Epidermis of Grasses

. The epidermis in grasses possésses parallel iows of Jong cells, and two types of short cells
- viz.,-gilica cells and cork cells. The short cells usually occur together in pairs (Fig.8.15 B). The
~silica cells contain silica bodies of various shapes and impart rough texture to the surface of .
- leaves. The cork cells show suberized walls and filled with solid organic substances. )
Mary of the grasses possess some. specialized cells called "Bulliform -qélls" (or motor cells),.
. here and there in their epidermis (Fig 8.16). The bulliform cells literally mean ‘Cells shaped like
. bubbles’. They are Jarge, thin-walled (with celbilose and pectin) and }i‘ighl'y vacnolated. The
* bulliform-<ells are mainly filled with water. They are hyaline and genefally associated with the
rofling and unrolling of leaves, depending upon their loss or-uptake of water.. Anothér -opinion
is that the bulliferm ceils play a role in the opening of the rolled leaf by their sudden expansion -
during a certain stage of leaf development. -~ . o ' T T

. The guarad cells of the stomata of grasses are dumb-bell shaped with bulbous-ends and
“narrow middle portion. In between the dilated ends of the ‘two guard cells,cross walls are

.. incomplete and EM revealed that the protoplasts of these Cells are confluent. In grass leaf

. blades, the stomata.are confined to interveinulas areas and absent over the veins (Fig. 8.15A) 11



5 The hairy covermg of the epldermls prowdes defence agalnst insect attack.

85.6. Functions of Epidermis ~~

1, 'Eprdermls is pnmanly concerned wrth protectlon but vanszly modlﬁed to carry other
functions. '

2 “The stomata normally regulate water and gas exchange but they may be modrﬁed into
hydathodes, (water pores) and also help in secretlon of nectar. -

3. Root hairs are specialized. for water and mmeral absorptron

4. Hairs (trichomes) of aerial parts are useful in-the d1spersal of seeds and fruits, tnggermg
of floral parts into action, pollmatlon and as secretory structures llke nectarles, salt glands
‘mucilage glands and digestive glands . -

Check Your Progress - 4

What are piliform cells ?

_Note (a) Write your answer in the space glven below

(b) Compare your answer w1th the one given at the end

B T T
T By L L

---------------------------------------------

8.6. SUMMARY - 2 - | | :
- The xvlem and phloem repre turally and functmnally complex trssues The xylem is

meant for conduction of water %eral salts and imparts mechanical strength to the plant.

., The tracheary elements. (trachieds 3fd vessel members) xylem parenchyma andfibres are the
principal components of the xylem. The phloem is mostly. concerned with conductlon of food’
materials. The sieve elements, companion cells, phloem parenchyma and fibres represent the
main components of the phloem. ‘ .

A fairly detalled account of the epidermal tissue system encompassmg the eprdermal cell
complex and trlchome complex is- also dealt wrth in tlns unhit.. ‘ S s

8 7 CHECK YOUR PROGRESS MODEL ANSWERS

1 ,_Trachelds are smgle cells with 1mperforate end walls whereas in vessels the vessel members '
- lare Jolned end to end and form tube like stmctures

2. In anglosperms assocrated with sieve ‘tubes ‘there are- some lrvmg parenchymatous cells

B "whlch arise from the same mother cell of the sieve tube. Thesé are called companion
cells. In Gymnosperms, instead of companion celis albuminous cells are present ’I'hese are
; ontogentrtlcally not related to the sieve tubes. i C

3 A If the stomata are present on both surfaces of the leaves they are callecl ampl'nstomatrc Ieaves

: and if the stomata are present only on the lower surface they -are called as hypostomatlc'
leaves : :

4. The rhizodermal cells from which the root: hanrs arise are smaller and: W1th dense cytOplasm

112

These cells are called plllform cells. -



8.8. MODEL EXAMlNATION QUESTIONS

1. Answer the follomng questlons in about.30 lmes each.

L
2,
3

Describe briefly the various elements of xylem and explain their functions.

Describe briefly the various elements of phloem and explain their functions.

- Give an account of the various elements that constmtute the vascular tissues m typlcal

dicotyledonous plant and briefly explain their respective functions. ‘ N

Give an account of various components of plant cpldermls.

What is the importance of stomata ? Explain briefly various structural types of stomata.

6. Write a critical account of the hairy covering of the epldermls Add a note on the

functions of epidermis.

IL Answer the following questions in about 10 lines each,

.~'=>.°°.-=s=~sn.>s»sv.~

Wnte briefly about the nature of perforation plates of vessels.
What are pits 7 Write bneﬂy about scalariform, opposite and altemate pitting.

Write briefly about xylem parenchyma. 0
Write a brief account on sieve elemengesy

Write briefly about the distribution omata. .
Write briefly about the importan atal types.

What is rhizodermis? Lis differences between rh1z0dcrmls and shoot epldenms.
Write a brief ga:od%the epidermis of grasses. o '

List out the functions ‘of epidermis.




~ UNIT-9 : B “SECONDARY GROWTH IN DICOT
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) 9.1. OBJECTIVES o R ?\ .

By the end of this unrt ‘you w:ll be 2 5 -
L . define secondary growth

' !'\'

. differentiate the terms vascuah' cambium and cork cambrum and also fascrcuiar cam?.:vmm and
mterfasacu!ar camblum : :

differentiate the 2 types of mmals of vascuiar cambmm
-descnbe the formation of secondary xy!em and secondary phloem due to cambral actmty, .
drfferentlate between heart wood and sapw00d ' '

“describe the structure of tyloses,”
’drstmgursh between phellogen, phellum and phelloderm, and

© N oA w

desenbe the formatlon of penderm and the structure and df

R 92 INTRODUCTION

7 Growth in glrth or tlnckncss, a llttie distance away fros'
growth: Seoondary growth does not help-in mcreasmg the ki
mentioned in unit - 6, secondary growth occurs du€ to i
vascular cambium and cork cambinm, The vascular caz
tlssues and the cork cambrum forms the periderm.

9..3 SECONDARY GROWTH IN DICOT ST}

) S_econdary gro_wth is present in most of the gymr_ros
hoWev_er.- ‘secondary growth of the normal type is :

" emmnndary aeaninh fo sehibitad b Fonndaa £ T uenmsids



93.1, Vascular Cambium -

 In the dicotyledonous stems, the vascular bundles are usually éd‘llét'é'r:al'.k;_ﬁdnjb'iht and c;péh
(Fig. 9.1. ‘A). The cambium present insidethe bundles produces the secondary tissues. It

arises from a poition of procambium localized in vasculai bundles and is known as fascicular

cambium (Fig. 9.1-B), The' strips. of - fascicular cambium in the vascular bundles normally
joined by additional ‘strips of cambium, known as interfascicular cambium (Fig. 9.1 B.). This
interfascicular cambiur is formed due to the redifferentiation of the interfascicular parenchyma
but not an extension ‘of procambium. Therefore, the interfascicular cambium is secondary in
origin (unit 6). The fascicular-and. interfascicular strips of cambia are_ joined with ‘each other
and form a continuous ‘cambiuin,_ring of cylinder throughout the length of main axis of the
plant. This constitutes the vascular cambium. In most of‘the dicotyledons. and gymnosperms.
the cambial cylinder is 1aid ‘down between the primary xylem and phloem and this position is

retained throughout the plant life; By its continuous meristematic activity. the cambiat cylinder
' produces more secondary xylem ceéntripetally: (inwards) than secondary phloem centrifugally
(outwards) (Fig. 9.1 C&D).: . :: o el T - -

) Fig: 91 Secondary growth;s dicot "Stér‘n‘ruﬁt'ﬁ-'twor years' (diagraminatic). - A-D. Stages. -
© TS 1. - Bpideriiis 2. Cortex. 3. Primary- Phloem. 4. Fascicular cambium. §. Pri- .
©maryaylem. 6. Pith. 7. Interfascicular ¢ambium. 8. Phloem ray. 9. Secondary

xylem. 10. Secondary Phlocm. 11. Camblumrmsll ‘Phe:llqm'or'co;k. 13. ?hellogén. ’

~ Componentg of Vascular Cambivm: The vascular cambium consists of two types of initials.

initials divide pqriclin'ally:md produce secondary xylem-and secondary phloem oriented parallel
to the'long axis of the plants (Fig. 9.2):; - v oo - R

. L.. Fusiform init;_als : They are elengatéd cells with tapéring ends and bri‘sm-shaped.‘ Fusiform

' Two patterns ‘are discernible in the arrangement of fusiform initials. When they are’

- _,'ag_:ra_qged_ in reguiar superimposed tiers, the cambium is called storied cambium. When the
“fusiform inititials are irreguldry ‘aligned, the-cambium is called non-storied (or non-stratified)
(Fig92). - A R e et



2 Ray initials: They grve nse to the xylem and phloem rays oncnted perpendrcular to the long
axis of the plant body (Flg9 2)

b

»
L
(331
"

Lon

=10,

- Fig. - 92 Fusiform mruals and ray initials of caml‘:rum in L.S A Storied
camblum 'B. Non storled camblum 1. Fus1form initials, z Ray initids.

Cambial Activity: Vascular cambium is one-called if thickniess. At the time of cambial division,
it is difficult to dlﬁerentrate the. cambial cells th derlvatwes The cambial cells and their
immediate. derivatives together form a cambial Unlrke the aplcal menstematrc cells, the_

- cambial initials are characterized by th . vaeuolated eondrtron

A fusiform initial divides into aaghter‘cells_‘and:o'ne of which becomes either a xylem’
motiier cell or a phloem. mt)ther cell depending on its position, while the other one remains
meristematic,” The xylem or the phtoem mother cell by further dlfferent.latlon or division

: gradually transforms into secondary xylem or secondary phloem (Fig. 9.3. ). In this way, cambial

cells produce secondary tlssues ‘The secondary xylem is laid dovm towards the centre and the . e

secondary philoem towards the penphery of the stem. As a consequence of the addition of the
secondary tissues pnmary xylem and phloem of the plant are pushed farther and farther away-
from each other. In the troplcs. the cambial activity is normally seen all through the year. ‘In
temperate regrons, howeVer. cambial activity is strictly seasonal. Durmg the favourable season,
the cambium is ‘active and operational but as the unfavourable season approaches the cambium
becomes slugglsh and subsequently there i is a near eessatlon of its actlvrty

| 9.3.1. s_m',m _Xylem
‘The seoondary xylem (wood) constltutes the bulk: of woody plants It tal(es eare of the
transport of water, mineral salts and mechamcal support besrdes storage of food in, the wood -

" parenchyma. .

~The seeondary xylem is made up: of vertlcal and honzontal systems of elements whtch are
1 16 closely integrated wlth one another. T . . :



Fig. 9.3. Formation of secondary xylem and secondary phlpeﬁ b%eambium. 1. Companion cell. 2. Sieve-tube

Vertical system: This is composed of tracheary ts. Xylem parenchynia and fibres. usuelly
" aligned in regular radial seriations (as seen in ¢ ction).. '

Distribution of Vessels: Among th icogiedonous woods, two main patterns of vessel
distribution are present. - . . '

1 Diffuse-porous wood Whgthe vessels of mere or less same diameter are distributed
uniformly throughout the growth ring (diffusely) the wood is termed duffuse-porous wood (Fig.9.4
A). The vessels look like holes or pores in transection of wood e.g. Dalbergia, Pterocarpus €fc.

2. Ring-porous wood : In the vessels, sprin'g‘ wood is conspicuqusly larger and more. closely
placed (forming a discrete zone). In autumn wood they are much smaller and more widely
spaced (Fig. 9.4 B). e.g. Robinia, Quercus, Betula etc. |
Distribution of axial parenchiyma: The cells of axial parenchyma are with live protoplasts and’
store food materials like starches or fats. Tannins and crystals are also commonly present in
these cells. The axial parenchynia is also ealled the xylem parenchyma. The xylem paren'chyma'
. is either absent, scarce or ‘abundant_in the dicotyledonous woods. The distributional pattern
of axial parenchyma is of varoius types. There are two basic types of distribution of the axial.
parenchyma. ' ' ‘ -

1. Apotrhcheal: In this. the axial parenchyma is independent of and not associated with the
vessels in its distribution. ‘ o

2 Paratracheal : The a}ual parenchyma is consistently associated with the vessels. o 117



, are qmte useful in- the rdentrﬁcatlon of Wo

B . X.Ylem rays: The xy!em rays arep@f the horizonital system and remain-arranged P“JP@“"‘C“!““' -
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Flg 94 TS of Secondaryxylem A.Diffuseporo :-’B_.—Rir‘lg porous
woodlLatewoodz.Rays.SEarlywooddl T

. Each of the above types is further dlvided lr®10us fairly charactenstlc subtypes, :vthit__:h '

' to the long axis of ‘the plant body “They orlgmate from-the ray. mltrals and_are composed of

parenchymatous cells. ‘The xylem’ rays-are:continuous with: the. phloem,. rays.on the other side e

. of the camblum The xylem rays maintain contact with the living components of the vascular
" tissues. The: Xylem rays are- ‘involved in the storage ¢ of food transport of water and also facrhtate .

B -»the gaseous exchange across the vascular tissues. . -

Depending ‘upon the width of the ray cells, the xylem ray may be umseriate (one cell

,""—--wrde) biseriate (two cells wide) or . multrsenate (many cells wide) (Frg 9.5.). . The ray cells s
“are. of two types- according to their. form viz. proeumbent and upnght (or vertlcal) (Frg, !

-9.5); The procumbent cells have thelr long axes onented radrally and the uprigt cells are ax1ally- '

- - (vertically)elongated. . If i ina 1ay, elther procumbent or upnght parenchyma cells' alone are _
'~--,:;-present, the ray is termed homocellular On the other hand; when both the procumbent and

- upright cells occur together the ray is termed heteroeellular If ‘the ray system of-a wood is - 7

. entu'ely with homocellular ray, it is described-as homogenous On the other hand, a heterogenous ,
. ray system 1s one where in both homocellular and heterooellular rays are present. : _' R :

Annual ngs In the trees of temperate reglons, the camblal actmty is mostly seasonal The :
' growth of theé tree in.terms of secondary xylem in an year is termed as annuval ring. However.
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inithe. subtropical- and tropical regions also presence of annual: rings in. the secondary wood is
ndt uncommon e g Mectona gmndas (teak) Dalbemw siss00 (srssoo) Albezz:a Iebbeck (smsh)
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» . ‘elerents called late wood or autumn

Fig. 95. Two types of rays as seeii‘in tangential (4,C) and ra-
~ dial (B,D) sections. 1. .Upright ray ocll: ‘2. ‘Procumbent ray cell

od s because of the different types of

able. (autumn, winter) seasons. In

The appearance of annual rings Eiﬁ?fr’éx_ise_ction of »
wood produced during the favourable’ (spring)ang-ugfay
thé spring season, large vessels and tracheids are.

. assimilation. This wood produced in larger ¢
spring wood (Fig. 9.6). However, in altumiy/ymt
plants and hence smailer q’uant_it—ies;_co ary .wood ‘of ‘compact and more thick - walled

[)

demarcatio

with the jate wood. However in geque the
sharp, making the annual rings% 0 Hee.

UisNema

i)
\
v

S
AVA
C@

)

MR OO IR
rag
WICLL
(e
L

oS
0
000
=R e
WLEJ
0

e
DS
@

S

Jor
N

-

Fig.” 96. _ Cut surface of stem.. A Annual rings. - B. Annual s
" ring in section. 1. Spring wood 2. Annual ring 3. Autumn wood.

i formed (Fig 9.6).The early wood gradually merges -
n between the early and late wood is quite

. to-:meet the requirements of water for .
quantitlesfwhich is less dense is called early wood or -
er, the assimilatory rate is low in temperate
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Under adverse cllmatlc conditions. the cambial activity is disturbed temporarily and.
consequently, false rings are formed. Thus occas:onally two or more faise rmgs may be formed A
annually.

- Sapwood and Heartwood: In trees, after the formatlon of con31derable quantlty of secondary
wood, two parts are dlstmgwshable init: 1. sapwood and 2 heartwood (Fig 97)

Sapwood or albumum The outer relatively narrow zone. of the secondary xylem which is
recently formed and is still made up of living components is termed ‘as sapwood. The sapwood
is light in colour Sapwood cames the physnologlcal activities such as conductlon and storage.

2. Hieartwood or duramen: The iriner relatlvely broad zone of the secondaty xylem which was

. formed earlier and composed only of dead elements is termed as heartwood The heartwood--
is dark in colour, more durable ‘than, sapwood and prowdes the mam source of mechamcal
strength for the free. e g

Fig. 97 Sapwood and heartwood 1 Barlc. 2. Phloem ‘3 Sapwood 4. Heartwood 5. Annualrmgs 6. Xylem rays.

The fissues of the heartwood show dlsmtcgrat:on of the protoplasts, loss of cell sap, removal ’

_of reserve materials, increased number of tyloses, accumulation of oils, gums, resiris, tannins,

coloured substances and aromatic compounds. These changes make the hart wood more resnstant
to decay.and easy to recogmse Erom that of sapwood, : .

Check Your ngress I

What are annual nngs ?

"Note: (a) Wnte your answer in the space glven below
- (b) Compare your answer with the orie’} gnven at the end.
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Tyloses :- Parenchyma cells present next to the vessels send balloon like out growth into the
_ vessels through pit cavities. when the latter become inactive or_injured. These outgrowths are
~ called tyloses (Fig. 9.4 & 9.8). Tyloses block the lumina of vessels and reduce the permeability

of wood. These are often more abundant in.the heartwood thanin the sapwood. Tyloses are -

abundantly seen in the woods of Quercus, Robinia, Frazinus, Junglans ete. -

g 958, Tyloses. A. longtudinal view B. Transverse view. 1. Tyioses,

o Whén-tylpse.s are formed, part 6f'th¢' "Cytoplasm along with nucleus of thcib'ﬁrenchﬁmai

shift into the protrusion. The tyloses contain starches, resin and other materials.” Their walls
are either thin or lignified. Sometimes tyloses get transformed into sclereids. " Presence of

* tyloses makes the. t;anslpcation of solutes and entry of fungal hyphae into the wood, a difficult -

‘. proposition.. -

~Resin ducts in gymnospermonswoods Résin,dlict.s;ﬁte

“systems of the secondary Xylem of many gymnosperms. The ducts are formed among the résir

‘producing parenchyma q«;ﬂs-_.-i(hgn the cells separate from each other and produce intercellular
. spaces (shizogenous). The celis which line the resin ducts are known as epithelial cells. The

. walls of the epithelial cells are either thin or lignified. The resin ducts may be seén in vertical
---orand.hi;rizpntal_systen;s of thewood.. . - .~ T

found in the vertical and horizontal

s “:Resm-dimts,ﬁiay' be formed in, the sccondary Xyi_ém of certamcomt'crs as a :’espbr"léi:‘to -
.. sinjury either due to wounding, frgst. or wind, These are called tranmatic resin ducts ¢.g. Segsoia. .

" Resin is regarded as chemical. defnce mechanism. It promotes wound healing and is repellant
to animal maraudérs, ' ' . T S T
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- and uniseriate to multiseriate. They are cither. h

" of phloem become nonfunctronal and aqi jcally sloughed off."_:_ S L
' Unlike the secondary xylem, apgial are_as a rule, absent in the secondary phloem

" Further no. distinction is Mme%he carly and late formed phloem and the phloem is

Gum ducts in dicotyledonous woods :. Intercellular ducts similar to resin ducts. also occur in the
vertical and horizontal systems in dicotyledonous woods. e.g. Dipterocarpaceae, Anacardiaceae,
Burseraceae etc, These are called gum ducts or secreting canals. Though the ducts contain
several substances like gums, orls, resin and mucilages, they are collectively known as gum ducts.
Gum ducts may also orlgmate due to mjunes (traumatrc gum ducts) € g Termmaha.

1933, Secondary Phioem

The amount of secondary phloem formed outward by the vascular camblum is much less °

than that of secondary xylem. However, the. basic-plan of the arrarigement of its various,

. components is similar to that of secondary xylem. The secondary phloem also consist of vertical
‘and horizontal systems. In most of the plants, the primary phloem gets crushed after secondary .
. growith takes place and the recently formed secondary phioem is the functional unit. Tt carries -
out the physmlog]cal act1v1ty of transportmg the orgamc solutes for consrderable tlme kA

o Vertlcal System

The prmelpal components of the vertrcal system of secondary phloem are the sreve elements, i
. phloem parenchyma and phloem fibres. The sieve elements of the secondary phloem originate
. ‘from the fusiform initials of the ‘cambium. and they are primarily connected. with vertical

conduction of food matena!s Byand large there is not much dtfference between the elements
of primary . phloem and secondary phloem L e,

Horizontal System

- Phloem rays : They orlgmate from the ray lnltlals d @ amblum and they establlsh contmulty

_The'pifoem rays.are espegially parenchymatous

with the xylem rays on the inner side of cambiu

umform in appearance

94 SECONDARY GROWI‘H IN DICOT ROOT S

Most. of the tap roots and main’ lateral roots of dlcotyledonous plants show secondary e

increase in thickness. "As a rule, no secondary growth is present in monocotyledonous roots.

. The secondary tissues of the root are more or less similar to those of dlcotoyledonous stem but 'h
thelr mltlatlon lS some what drfferent in the former T . .

o 941 Ongm and Actmty of Cambmm _

- The pnmary xylem (with exarch protoxylem ) and phloem ttssues are arranged in separate

f‘radn in the dicotyledonous roots (Flg 9.9). Pith is usually absent. Parenchyma cells present ..

o "beneath each phloem patchmecome ‘meristematic and form cambial strips. . The number of
: _‘.camblal strips is equal to the number. of phloem: patches present. For example; a tetrarch root is
_“_w1th four strips of cambium and a triarch root-with three strlps. Subsequently-the pericycle celis
‘outside the xylem ridges also becorne meristematic and join the cambial strips-formed beneath

the phloem groups (Fig. 99 A). The cambial Ting thus is.initially-in the fofim .of a wavy’ rmg,

- and starts producing new derivatives by periclinal divisions both inwards and ‘outwards. The :
. _cambium also increases in circumference by anticlinal dmsmns This wavy cambial ring passes
_internal to the primary phloem and-external to the primary xylem groups (Fig.9.9 <C). As has ‘
" been the case iit the stem, ‘secondary xylem produeed by the cambium is: more in quantity. than -
the sec.ondary ph]oem. After a whlle ‘the wavy outlme of thé cambmm assumes crrcular shape -

122 (Fle 99 D).

Hular or heterooellular T‘he older portions .
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Fig. 9.9. Stages in the sec &ﬂ‘a dicotyledonous root. 1. Phloic procambium. 2. Xylary
Procambium. 3. Epidermi%ﬂex. -5. Endodermis. 6. Pericycle. 7. Cambium 8. Primary phloem.

9. Primary Xylem. 10. Secon phloem. 11. Secondary xylem. 12. Rays. 13. Phell’ogcln. 14. Cork.

'As a consequence of secondary xylem formation, the primary xylem is pushed to the central
part of the root. The primary phloem elements especially the sieve elements get crushed. At .
this juncture, the root is identified mainly by the radial position of the exarch primary xylem in
the central region (Fig. 9.9 E). Normally ray initials are differentiated in the cambial ring in the
region just opposite to the primary xylem. They ultimately produce broad vascular rays running
across the secondary vascular tissues in roots. Inaddition to these, narrower phloem rays are
seen within the phloem tissue. ' '

To compensate the ruptured epiblem, due to mcreased diameter of the root consequent
upon secondary thickening, periderm is produced in the outer tissues of the _rc')ot/ (Fig. 99 E).
Basically the periderm of the roots is similar to that of the stems. :

942, Periderm’

‘As a rule. the primary plant body is covered by the epidermis as a protective covering layer.
After the .commenéement of secondary growth, initially the epidermis stretches to accommodate
the newly formed tissues. However, as a consequence of the rapid secondary growth, the
epidermis gets ruptured. This results in the fermation of periderm, ‘a protective tissue of -

_secondary origin from the extra stefar region.

The periderm is seen in'nﬁost 6f the woody dicotyledoﬁs and gymnosperms, It is also seen
in the older parts of the stem and root of herbaceous dictyledons. Occasionally monocotyledons
also form periderm. o ' ' ‘
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‘Barkisa nontechnical terrn employed rather loosely.in the literature. All the tissues outside

the vascular cambium are usually designated as bark. It then includes secondary phloem, primary. -

tissues present. outs1de the. secondary phloem, the ‘periderm and the dead tissues outside the

. periderm.. It: may ‘thus be noted that periderm i ls‘a “part.of the bark. However, many workers .

restnct the term bark to those tlssues present 0 'de :;t,he phellogen.f_

The perl m 1s composed of three parts-- phellogen or cork camblum the merlstem'

. “which produces thecork, 2. phellem - normally: dead tissue formed outward by the phellogen -
- and generally called cork and 3. phelloderm - a hvmg parenchyma tissue formed inward by the

phellogen and also known as seeondary cortex.

o N Phellogen_ (Cork_- camb_rum ):, The phellogen is a secondary meristem and I_::y‘:virtue of its

position, it represents a lateral meristem. It originates mostly from the outer layers of the

«cortex, wihch are potentially meristematic (Fig9.10). The phellogen may - also develop frorn_
' deeper layers of the cortex or from the phloem tlssue 1tself S _

_ The phellogen is maciIm up of rectangular and radrally ﬂattened cells The phe!logen cells are

-vacuolated and possess chlorOplasts and tanmns The phellogen shows both actlve and macnve
phase of cell dms:on : S e

2. Phellem (Corky - TH

activity, %

rk'eells are polygonal'm tangennol sectlon and ﬂattened rad:ally B

in cross-section. They_ arranged con'lpactly ‘without 1nteroellular ‘spaces. The cork: cells

- are derived outward' from the; -phellogen: (Frg 9. 10) " They: are dead-cells at :maturity and
".characterized by subenzatlon of their walls. The suberm is a fat

r substance ‘and occurs as layers -
over .the primary oellulose wall... The cork celis: .are_browh r-yellowish and 1mpemou§ to -
water. The-non-suberized: célls of the” phellem seeny pany plants:are called ‘phelloids. Cork

is light in weight and has thermal insutating. qualitidg. .Inlperviousness o, water, and msulatmg

: quahtles make the cork an important protectw&r BT the: plant surfaoe S

b

Fig 910 Stages of perrderm formatron 1 Eprderm:s 2 Pnellem
_ __,_3 Phello_gen ’4_7 nderm 5 Phelloderm 6 Correx. 7. Cunc‘e

EH

‘3 Phelloderm (secondary corth; The phelloderm of secondary cortex .s a: ilvmg tisuue at

maturity . The phelloderm cells resemble the parenchyma cells in the nature.of their walls and-

' “Contents (Fig. 9. 10). However; the phelloderm could be distinguishied from the normal cortex. -

12

. by the uniformly radial arrangement of its-cells ‘which clearly mdrcate its derryatxon from the
" phellogen h : :




Periderm Formation : The phellogen initial undergoes periclinical divisions and results in the
formation of two similar cells. Of these. the inner cell becomes a phelloderm component. The
outer cell undergoes another perictinal division resulting in the formation of two cells. The .
resultant outer cell becomes the cork cell and the inner one behaves like a phellogen element. .
Occasionally pheliogen cells undergo anticlinal divisions to keep pace with the increase of the
‘diameter of the plant part concerned. Normally more phellem layers are formed than the
phelloderm layers Fig.9.10). ' ' : e

As the secondary growth qéntinixes, the first formed periderm may be replaced by the new :
ones formed from the deeper tissues of the stem. : : T

9.4.3. Lenticels

Inthe petiderm, locally, loosely arranged groups Or masses of either suberized or non-sub;ﬁzed
cells occur. The loose patches of cells with intercellutar spaces are called lenticels (Fig9.11).
Lenticels are slightly elevated than the surrounding tissue. This is because of the formation of
more number of loose cells in those areas. They normally replace single stoma or groups of
stomata. Because of the loose arrangement.of cells, the lenticels are regarded as structures to
facilitate free gaseous exchange across the periderm. Le6cels are found normally on stems and
roots. - R ' . ‘

5
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Fig, 9.1 Weil developed fenticel in ‘5S. 1. Epidermis. 2. Phel: -
jogen. 3. Phellem. 4. Phelloderm. 5. Complementary cells..

Development andg structore of tenficel : Lenticel is formed by the activity of lenticel phellogen.
The cells of substomatal region divide in different directions and produce a loose tissue. Later,
. divisions progress inward through the cortex. Finally these divisions are oriented periclinaily
b o tice] phellogen. As a result of these divisions in the substomatal region and

ot Sbeliopen towards outside, loosely arranged cells with many,

e ry cells or filling celis (Fig 9.11).
tured. The cell walls of the

. vk ic recilient



Check Your Pi'ogress 2 & 3

2  What is the dlt'ference between phellum and phelloderm‘?

‘ 3, What are lenticels ? -

Note (a) Write your answors_ in' the space given below. '
(b) Compare your answers with those given at the end.
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- 9.5. SUMMARY L o
The secondary growth in dicotyledonous plants involves increase in girth by the addition of

newly formed tissues, The secondary xylem and phloem are formed. by the vascular cambium .
Seasonal actmty of thc vascular cambium results in the productlon of annual rings in the stem

wood

The outer rather narrow zone of the secondary xylem llght in colour and partly made up
of living components, is called the sap wood. The inner, fairly broad zone of the secondary
xylem, dark in colour and composed of dead elements rcpresents the heart WOOd '

Thc secondary growth in. dicot roots is mmnlar to that of the stem but for the dlffcrcncc-
in the production and. organisation of the vascular cambium. The phellogen or cork cambium,
originating in the outer layers of the cortex, forms the cork and phellederm, both in the stem

. amd root

96.. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The tracheids and vessels fo
winter/autumn season ar.



9.7. MODEL EXAMINATION QUESTIONS

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

1
p/
3
4

. Give a brief account of secondary growth in a typical dicot stem.
. Write a brief account of the secondary growth of dicot stem .

Describe the van’ous activities of vascular cambium and its activity.

Discuss the role of dnffcrent elements of periderm.

I. Answer the following questions in about 10 lines each

-

oo.ﬂ@.ul.h.ww':-

Write briefly about 'vascular cambium.

Give a br_i'cf'accbﬁnt of secondary xylem

Write bnefly about annual nngs

Brlcﬂy write about the sap wood and heart wood
Write briefly about secondary. phloem.

Give a brlef account of xylem rays and phloem rays

Write bneﬂy about periderm.

"~ 8 Give a brief account of lentla_:ls. O

A
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UNIT -10 : ANOMALOUS SECONDARY GROWTH

- Contents_ -

10.1. Ob}echves AR . i
102, Introduction. . SR o :
10.3. Methods of Abnormal Growth ; " e SRR
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. 10.3.4. Formatlon of Interxylary Phloem. T o - o ‘ ;
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'10.4.1. Primary Structure o
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105 ’Anomalous Secondary Growth in Boerhaama S@ |
1051 Primary Structure ‘ s
1052 Abnormal Secondary Growth k
- 106. Anomalous Secondary Growth in va‘t a Stem.
. 10.6.1. Primary Structure ‘ -
.+ 10.62. Abnormal Secondary Growth . -
10.7. Anomalous Seeondary &okiy in the Root of Betz
10.8. ‘Summary o :
109. Check Your Progress Model Answers
10.10. Model Exammatton Questlons
. 1011 Glossary
10.12. Referenoes

10.1. OBJECTIVES " B
By the end of this unit you wnll boable to: ' Y

1. define and dlfferenhate the normal growth and abnormal growth and also non-adaptrve type
- and adaptive type, - I3 '

2 Descrlbe the various methods of abnormal growth .and

3. Draw, label the parts and descnbe the primary strueture and abnormal growth in the stems'
. of Amtolochta, Boerkaauw, Dmcae’na and thc root Of Beta. ‘ .

1

102. INFRODUCTION -~ - |

: The seed plants exhtblt continual accretion of seeondary vascular tlssues all through their
- life by the activity of the normal. vasculdr cambium. This is usually described as normal secondary

128 grwth The detarls of Wthh were already gwen in umt—9 In. a number of anglosperms, however, : T :

-



secondary growth takes place in a way that is different from that of the normal type, and is then
| described as anomalous secondary growth. This is also termed abnormal secondary growth or -
unusual secondary growth, ' ' :
~ ‘According to Habertandt {1914), from the physiological point of view, the anomalous
- secondary growth may be of the Non- adaptive and Adaptive types. s S

Nqn-aggptive- type: The anomaloﬂs secondary growth exhibited by some herbaceous plants (eg
" Boerhadvia, Amaranthus, Achyranthes etc) is not of any functional significance to these plants
- and may be described as of non-adaptive in nature. - ) :

Adap.tive type: If the anomalous sécond'ary growth is of definite functional advantage to the -
_plant, it is then described as of ada_pa'tive type. e.g.. Woody climbers (Iianas). ‘

Woody Climbers -(Lianas): The ‘mechanical requirements of liane stems are quite different from
" those of the ordinary woody plants. The stem of a woody climber must be flexible so that it
would be able to twist and twine around its support in an efficient way. And at the same time
it should be strong enough to support the weight of its own foliage. The above factors, hence,

are responsible for the anomalous types of secondary growth exhibited by' these plants.

‘Further, a solid mass of vertical _trunk does not serve the purpose of a_w‘b.ody climber. On
the contrary, a woody climber requires 4 stem that is supple and flexible enough to enable it to
survive around its support efficiently and with ease. As a result of anomalous secondary growth, --

such a type of stem is produced ina liane: - .. .- \

103. METHODS OF ABNORMAL Ggw
I general, aﬁomaious _sécéndz{I:y g‘ro%kes place through ong of the follov&ring mcthcjds: 3
- 1. Abnormnal poéifion'c;f cambiu ; ’
2. Ab.rllo;'mal activity of c'amb%_. e
3. Formatiqh of iﬁbre than on bial ring. o

4. Formation of interzylary (inblu.ded-)phloem. B

5. Formation of interxylary cork.

. 103.1." Abnormal Position of Cambium
. Inyoung stems of _Thzjoﬁom'a scandens (Woody. climber. of the Bignoniacae), the cambium
~is not circular but is'with ridges. Later, the cambial ridges get separated and act as individual
‘cambia forming separate steles. - Consequently the secondary growth becomes abnormal with
separate steles with individual _secondary phloem and .secondary Xylem resulting in a peculiar
shape in the mature stem {Fig. 10.1 A). .~ . . o ' '
1In Serjania and Paullinia (Sapiridaceae), the primary stems have individual strands of
xylem surrounded by separate strips of cambia. ‘After the secendary growth, separate cylinders
- ' of vascular tissues give the appearance-of separate’ stems fused together like the strands of a
- rope (Fig. 10.1B,C). -~ o C : | -

In Bauhinia longsdorffiana {Fabaceae) (Fig: 10.2 A) the parenchyma of secondary xylem
,and secondary phloem tissues undergd intercalary growth resulting in excessive amounts of
parenchymatous tissues termed dilation parenhyma. This makes the secondary tissues along
with cambium split into many strands. = ' i ‘ ' . _129

v
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'103.2. Abnormal Activity of Cambjum f
- In Bauhinia rubiginoss (Fig. 10.2B), the secondary vascular cylinder appears in the form -
of ridges and grooves. This is due to the abnormal activity of the cambial ring| Some -parts of
the cambium in the cambial ring produce more secondary vascular tissues whereas the other

parts are more or less inactive. - . . .

Fay

T ‘ Flg 10.1. Aﬁbma]oug scéo;lda'ry growth '.A_._-'I?LS. (-)fv;lhc _Stcfn-of. Thi‘apél:lll;a‘. Scandens. B.TS. _Q'f--zhé stem
_ . of Serjania. C. Magnified view of a part of B. 1. Epidermis. 2. Parenchyma. 3. Starch sheath. 4. Scle- .~
N 1 3 0 _ renchymatous band. 5. Central stele. 6. Periplieral stele. 7. Xylem. 8. Cambium. 9. Phloem. 10, Pith. - .
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In Blgnoniaceous climbers the output of secondary w00d is relatwely less from the
begmmng at four points, which are arranged in the formiof a cross. At these. points, however,
the secondary, phioem tissues are more. Consequently, the stem appears to be provided- -

" with four longltudmal furrows- (Figl0.3). These grooves become constantly deeper, as the
secondary growth proceeds Later, the woody cylmders become Spllt up into separate Strlps.. L

. U Ry 102 Abnormal sccondary gr TS. of the stem _ K .
- ) . : L

. - of Bauhinia longsdorffiana B. T.i. of thowst€ém of B. rubiginosa.

Flg 10.3. TS of the stem of Btgnoma showmg sccondary phloem supported’ by bars of sclerenchyma wedged o '
inbetween secondaryxyiem (Dlagrammatlc) 1. Secondaryxylem 2 Secondary phloem 3 Bars of sclerenchyma

_ 10.3.3. Formation of more Ehan one Camlnal ng ;- S, E

1

Insomc anglosperms (Boerhama dzﬂ'usa, Bougamml!ea, Mzmb%ha) normal vascular camblum
ceases to funcuon after the p—oductlon of a hrmted quantlty of vascular nssues New cambra 1 31



are, however produced successwe]y, in the peneycle and cortex (F1g 10 AB & 10 4 C) Abou!.
28 famlhes of dleotyledons show the formatlon of accessory camb:a ' ..

1
> 2
-3

e . o - ~ T !
Fig. 104 Boerfmmu A T.S. ol young Boerhtwm stem B TS of the stcm Of fi.ioerh.nma. '
showing anomalous secondary: growth CA" Portlon of* B’enlarged 1, - Stoma. 2. Epldermrs '
3. Hypodermis. 4. Parenchyma. 5. Starch sheath 6. Ground tissue. 7. Meduliar;/ bun-
dles. 8. Phloem. 9. Cambium. 10 Xylem Prlmary bundle 12. Conjunctive tlssue- SR

13. Secondary xylem 14. Secondary phloem 15. Halr 16. OuLer rmg <of vascular bull'ldles 17

. Inner ring of vascular bundles 18 Mlddle rmg ofvascular bundles 19 Raph1des 20. Enldodermls ‘

‘ In the Amaranthaceae (Amamnthus) (F1g 10, 5) and Chenopodlaceae (Chenopodmm) the
normal type of vascular cambium is: absent.. At the time of. secondary growth tl'Je fll'St cambial-
rmg is formed within the perlcycle (extra-stelar camblum) :

-

10.3.4. Formatlon 0f Interxylary (mcluded) Phloem o Lo !

Interxylary phloem is seen in abou? 25 famlhes of the dlcotyledons In these‘plants 1slands
.of secondary phloem are found embedded w1thm the secondary xylem e.g. Combretum, Entada -
and Strychnos S ‘ L . I : '
. b
In Strychno.-r (Flg 10. 6), the camblum produces the secondary xylem and secondary phloem
"in a normal manner and after sometime, ceases to be active. Later, new cambulm is produced -

. external to the secondary phloem. This cambium again functions normally by producmg secondary_
xylem inwards and secondary phloem outwards. Thus the first formed secondmy phioem is
covered by secondary xylem on elther side and gets included.’ Interxylary phloem 1::»lays significant '
tole in some xerophyhc plants as it remains functlonally active even dunng drought condmons

) . 132 When other tissues deswcate and become non-functlonal o .



Fig. 105. T.S. of Amaranthus stem showinig medullary bundies and extrastelar cambium-(Di- '

agrammatic). 1. Cuticle. 2. Epidermis. 3. Collenchyma, .4. Chlorenchyma. 3. Coriex. 6.

Endodermis. 7. Pericycle. 8. Phloem. - 9. Xylém. 10. Cambium. 11, Medullary buridle. 12.

Secondarj( xylem. '13. Secondary phloem. 14. Conjunctivc tissue. 15. Extrastelar cambium. . B

o

1035 - Interxylary Cork =~ ' I B
‘ T Cork produced between two growt ondary xylem is known as interxylary cork.
' e.g. Ariemesia irideniata (Asteracesy i ae). In the




T of drought

-~

a cork camblum produces mterxylary penderm in the parenchymatous Zone in seclondary wood
It is considered that such acorkin parennatmg organs heips to tide over unfavourable eondltrons ‘

5

-The follovv]ng is the detalled account of the anomalous secondary growth in| the stems of
Anstolochza, Boe'rhaavm (dlcotyledons) Dmcaena {monocotyledon) and Beta wlga‘l‘is (Beet -

Croot). T C . \ : S
Checl_(YourProgressf--l L 0 o e
What is anomalous secondary growth‘? o ‘ - L

- Nolse': (a) Write ‘your answer in the space gr
o (b) Compare your answer wnh ne wen at the end

AR R i R R R R R L L L R E L L L R T L T A,

~ - The genus is a e




wam Epilobium angusioren e

Fig. 10.6. T.S. of the siem of Strychnos sp.-- 1.-_-(;_0rk. 2. Cortex. 3. Sclerc-n'ct!ymaf 4. Sec-
ondary phloem. 5. Secondary xylem. 6. Interxylary { included) phlo¢m. 7. Intraxylary Phloem.
133



PSR T TTE A ristolochiaceae aw |

A transverse séction through the young stem shows the following structure (Fig. 10.7-A,B)

s . , |

- Epidermis: It is ohe-layeréd and co’i)er'ecl by a moderately thick cuticle and mﬁlticiéllli]ar-hairs. .

: Co‘rl.ex: Itis mhltﬂéyeied and of i)'hypodérmjs, ii) generdhcorie ‘ iii) endodermis ‘
Hypodermis- Con'sists of a few layers of collcnchyno : o

) General Cortex s the central part of the cort%esc layers are with chlorenchymatous thin -
--walled cells w1th mtercellular 3paces ' . . . S _ o

'Endodermls is mnerrnost iayer of @and it consxsts of barrel shaped cells w1th starch grams.

‘Per’icycle It con51sts of a cyhnder of pcrwascular sclerenchymatous fibres. . - ,
. \ : '
’ !

- Vascular system Tlus is rqpresented by a ring of few wcdgeshaped vascular bundlcs The
.Vascular ‘bundles arc-con]omt collateral endarch and open In bctween the bundles are large‘_-

1 3 4 paranchymatous medullary rays.



Pith: A pafenbhymatous-pith is in the centre of the steni..‘_ . '_ : _ -

" Fig. 10.7, Aristolochia ing stem showing primary structure. B, C. TS of the stems -
‘of Aristolochia. 1. Cut ) E_pide;mis. 3. Collenchymatous cortex. 4. Chlorenchy- -
matous cortex. 5. Efdodermis. 6. Pericycle with perivascular fibres. 7. Parenchyma. -
8. Phiocim. 9. Cambium, 10. Pith. 11. Medullary ray. 12, Metagylem. 13- " Pro-
- toxylem. 14. ‘Cortex. 15. Secondary xylem.. 16. Primary phioem. 17. Sccén;léry pliloem. - -

" 1042. Abnormal Secondary Growth -

During the secondary growth, the parenchymatous cells of the meduliary rays adjacent to
the fascicular cambium become ‘meristematic'to form interfascicular strips of cambium. The
interfascicular cambium behaves abnormally by producing only the parenchymatous cells (Fig:
10.7 B,C).On the other hand, the fascicular cambium of the vascular bundles behaves normally

* producing secondary xylem and phloem withiri the vascular bundles. ‘Concomitantly, the vascular
bundies, gradually increase in size but continue to maintain their individuality. A cork cambium
* . meanwhile develops in the ‘hypodermal coflenchyima and produces cork externally and secondary
‘cortex internally. : i o ' A

105, ANOMALOUS SECONDARY GROWTH IN BOERHAAVIA STEM: _

S ThlS isa cbmmon weed bclongirig to the 'Nyctaginaccae'.
1051 Primary Structure T |

A transvérse sect_i_oh'df ‘thc_jroulig stem _ré\"czils the following features (Fig 104) - .

Epidermis: It is pne»iaygred, wavy \arith_.multi_éellular epidermal hairs. 135
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Cortex It consrsts of an outer collenchyma of 3. or 4 layézs of. ce[ls followed by a 4'to 6 layered
“chlorenchyma. Endodermis is the 1nnermost Iayer of cortex and cons15ts of one layered thlck-
walled barrel- shaped cells. S ‘ . '

Pencycle It is parenchymatous and often w1th small lsolated patches of sclerenchymatous flbres .

Vascular system This is made up of three rlngs of vascular. bundles The inner r1ng is wrth two.
‘large oval, medultary bundles These bundles face each other with xylem mwards and phloem -
outwards. The middle ring consists of 6-14 oval or circular vascular bundles whrch are smaller
than those of the inner ring. On the other hand, the outef ring is of 12-20 still smaller bundles.
Vascular bundles of all the three nngs are conjomt collteral, endarch and openl

140, 5.2 Abnormal Secondary Growth

The vascular cambrum in'the bundles of the inner and mrddle rings produce lunlted amount
of secondary xylem and secondary phloem resulting ‘in the increase in size of| the individual

bundles. As no interfascicular cambium is produced, the original bundles tHough enlarged . o

because of the addrtron of secondary yascular tlssues marntam the1r mdmduahty

v l B

On the other hand, a contmuous cambral ring -of fascicular and interfascicular strlps_ .

" is formed in the outer ring- of -vasculature. The cambium in this zone behaies abnormally -

producing secondary vascular tissue in the fascicular region and lignified conjunctive tissue: in
the interfascicular regions, The cambial -activity declines soon. Subseguently, a new cambium
-arises in the parenchymatous regron outside the outer ring of vasculature. In thrs way, four or
flVe new accessory cambia arise outwards, and produce. sigessive rings of collateral Vascular
“bundles embedded in’ the conjuctive tissue. 6 : ‘ -
v Consequent to. the formation of secondary @ inside, cork- camb1um develops in the .
hypodermal collenchyma and produces COIW ndary eortex in the usual way ‘

10.'6. ANOMALOUS SECON aROWTH IN DRACAENA S’]‘EM

Occurrence of secondary g is an, unusual phenomenon among the monocdtyledons :
Some members of the Liliflorae\ghOw abnormal secondary growth eg. Dm‘ca.ena, Yucea,
_ Cordyline, Agave, Alo€¢ etc. A cross - Sectlon through the stems “of Dmcae“na reveals the
followmg ‘characters. S : -

. 10.6.1. Pr;maryStructure R , T . '

Eprdermis It is made up of a smgle layer of compactly placed oells covered by a thm cuticle.
| .
Cortex The parenchymatous zone outsrde the reglon of pnmary “vascular bundles is sometrmes
- termed cortex. - N _ . . T

. Vascular bundles and ground trssue ‘The ground tissue forms the bulk of sten in which are
_embedded many vascular bundles in a scattered condition. The :primary vascular bundles are =~
oval and generally concentric. They are of the amphivasal type with a central patch of phloem
sorrounded by the xylem Some of these vascular bundles are simply collateral and conjoint.

10.6.2 Abnormal Secondary Growth

The secondary growth is 1n1trated by the drfferentratron of the camblum in the 'cortex outsrde

the zone of primary: vascular bundles. The activity of this cambium is unusual, It produoes .

. more cells inwards thﬁfou' .ards (Fig.10.8). The cells produced: inwards ge't transformed

into parenchymatous, eonjnn ivé tissue and sécondary amphivasal or collaterallbnndles The
1 36 secondarrly formed bundles € i‘nore or less in regular radial fows, A

b



© " The cells formed outwards by the cambium'are parenchymatous and constitute the secondary
cortex. They are thick-walled lignified and are arranged in regular radial rows.

- Formation of Storied Cork: The parenchyma of the cortex d'ivide many times periclinally and the
products of these divisions, aligned in distinct radial rows (storied ¢ambium) become suberized. .
The cork of this type is caller(_l‘the storiéd cork. T S . :

\

-

- ] _Fig. _108. TS. of Dracaena Stem (detailed). 1. Cuticle: . 2. Epidermis. 3 Cork cambium. 4.
- 'Paranchyma. 5. Cambium. 6. Seondary bundi¢ 7. Secondary tissue. 8. Xylem. 9. Phloem. 10. Ground

tissue. - R

107 ANOMALOUS SECONDARY GROWTH IN THE ROOT OF BETA

. 1t belengs to the Chenopodiaceae family. The primafy vasculature of the Beta (Béet root)r
- is diarch. o L ] o '

The. secondaiy growth is initiated by the formation_ of a cambium in the interstitial
parenchyma, except opposiie the two protoxylem groups wh\t:ré it is from the pericycle. This
cambium gives rise to the innérmost ring of essentidily collatéral vasclar bundles separated by
narrow bands_o_f parenchyma. After sometime, the cambium ceases to function and another
cambium arises’ from the phloem parenchyma of the first ring of vascular bundles. ~ This
cambium produces a’ secorid ring of vascafar bundies separated by large radial channels of
storage parenchyma. ‘ : S e 137
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Fig. 109. T.S. of the storage o0t of B «@ aris (diagrammatic) 1.
. Periderm. 2. One growth layer. 3. Storagewpasénchyma. 4. Secondary
I'phlocm. 5. Secondary xylem. .6. Vasct mbial ring. 7. Primary xylem.

from phloem or pericycle, and i ves in the . : ]
number of accessory cambia are pNgduced and.contribute to the successive rings of vascular
bundles alternating with parenchyma. Ten :

Soona third ring of vaascular § ndlg‘s produced from yet another cambium iderived either.
ehaves in the same way as the earlier cambia. Thus a

The vascular- bundles produced in successive rmgs by the aocessory cambla cons:st more of
parenchyma and less of xylem ¢lements.

10.8. SUMMARY.

In a number of angiosperms, anomalous secondary growth takes place. in; diverse ways
e.g. production -of cambium in abnormal position, abnormal activity of cambium, formation of
accessory cambia etc, The anomalous secondary growth is of adaptive and: non-adaptwe types
the former seen in various woody chmuers and the latter in many herbaceous plants

" The detanls of anomalous secondary growth in the stems of Amstolachaa, Bo\'erhaama, and
Dracaena and the root of Beta wlgams have been descnbed

109, CHECK \l’OUR_ PROGRE_SS_: MODEL ANSWERS |

1 If the sccondary growth is dtfferent in any way from the normal type 1t is called anomalous

i secondary growth. : -
138 : o :



'10.10.- MODEL EXAMINATION QUESTIONS

I.- Answer the t‘ollowing questions inn about 30 lines each,

- 1. -What do you understand by anomalous secondary growth'? Illustrate your answer wrth
reference to some forms you have studied.

2. Give an illustrated account of anomalous secondary growth in the stems. of one
dlcotyledonous and one monocotyledonous plant. : '

3. With suifable diagrams explain the- anatomlcal pecuharrtles found in the stéms of '
" climbing plants. :

4, _-Descrrbe how secondary growth takes place in monocots

II. Answer the following questions in about 10 lines each,

1. Write briefly about the anomalous secondary growth.

2. How does anomalous secondary growth takes place due to the abnormal posmon of
- cambium?. . o , . ,

3. Explam briefly the anomalous secondary growth that takes place due to the abnormal
g actrvrtyofcamblum L o . T
4. Write briefly about the anOmalous'secondaryisbh in Ari.sro‘lochia‘stem. o o
S. Give a brief account of the abnormal se growth that\takes p'lace in the ‘stem of
Boerhaavia. _ .
- 6. Explam briefly the anomalous gecoriary growth that takes place in Dmcaena stem '

+. 7. Write a brief account on th al secondary growth in Beet root.

10.11. GLOSSARY

Amphivasal ‘ " Concentricvascular bundlé in which the phloem is surrounded
SR . by the xylem. N ‘
Anisot-ropic . ’ o Apphed to- bodies wluch vary in size in dlfferent directions.
Anticlinal division : ‘ : Orrentatlon of cell wall or p[ane of division perpend1cular .
' to the nearest surface. - S
' Auxin : : A plant hormone or growth promoting substance e.g.
‘ Indole Acetic Acrd (IAA).
Cambium S : Layer of meristematic cells between the xylem and phloem
' : tissues, : ;
Centrifugal - . o Developlng or maturing from the centre towards outsrde
Centripetal S : ‘Developing or maturing from the outside towards centre. -

Colchicine . + An alkalmd used to produce polyplordy and extracted frorn‘
: : - : Calchtcum, a genus of Lrlraceae

Collateral . . : A vascular bundle with the phl0em (outwards) only on one
o . side of the xylem (inwards)

. C-mitosis - i o Mitoticcelldivisions induced by the application of colchicine. .
L - ' 139



Histogen

in'vitro.

Isotropic

Lianas

© Periclinal division
Polyploidy

'Primordi!um (PLPrimordia) -

Term used by Hanstein for a ‘meristem in stem apex_ or

: root apex that forms a- defimte tlssue system|in the plant.

l
D In glass hcnce ina test tube or beaker. . l‘

Havmg the same propertles m all dlrectlonsl R
enin troplcal

: Any contorted woody cllmbing plants usually
forests

Onentatlon of cell wall or plane of dwnswn parallel to the
cncumterence or the nearest surface. - - .

Havmg ‘more than two sets of chromosomes _‘

The rudlment or begmmng of a part _
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UNIT-11 : TAXONOMIC RANKS

‘Contents

11.1. Objectives

| 11.2. Introduction

113 Taxonomic Ranks

11.4. Summary

11.5. Check Your Progress: Model Answers
11.6.- Modei Exanﬁnétion Questions.

11.1. OBJECTIVES

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

1. list out the principal ranks of taxa in the plant kingdom,

i

of Botanical Nomenclature and .

3. define binomial nomenclature. Q

11.2. INTRODUCTION

2. differentiate the specific endings of various ranks :@he rules of the Tnternational Code

When plants are divided into' g ccgrding to the similatity of their characters, they are -
called taxonomic "ranks”. They form“arious steps of the classification ladder. The taxonomic
groups of any rank may be re tey as taxa (singular = taxon). o

11.3. TAXONOMIC RANKS

, The basic unit of various ranks is the species. It is a physical entity. The next rank in the
#s®nding order is the genus formed by one or more species. The ranks above species represent
én\ "mental picture” but not a physical entity as they are often based on more than one physical
entity (=species). One or more genera constitute a family. The next rank in the ascending
sequence is the order which is made up of one or more families. A:class is made up of one or
more orders. A division is based on one or more classes.

A Kingdom is formed on the basis of several divisions. -

Thus the principal ranks of taxa are:

Kingdom Regnum

Division . - Divisio

Class Classis

Order Ordo 7

Family Familia ,
Genus Genus

Species _ : Species 7 | ' 143



144" Note: {a) Write .yoTJr-‘ansWer in ttfr;e__space given below.

The above taxonomic ranks may be further subdivided by adding the prefix sub to any
rank or by .the introduction of supplementary terms e.g., subfamily, subgenus etc. . Within the

spe<:1es, a number of taxonomrc ranks such as subspecies, varletles etc. are also recogmsed

As per the rules of International Code of Botanical Nomenclature the various ranks should.

' have spec1f1c "endings” and the endmgs 'of the pnncrpal ranks are as follows. . i\

~ Rank. - Ending o o -rExample |

: - ' ' ' Mycetac .(F.iingi)

Division s -.-phyta : . S Pterophyta

’ o ~mycota (fungi) Eumycota

Class - . .- —0p51da (Embryophyta) . Lycops_ida } -
: o . —phyceae {Algae) - o - Chlorophyceae

. e —mycetes (fungi) o Basidiomycetes

Order ales - 0 ~ Magnoliales

Family - © -aceae ! ) "'Magnoliaoepe.

Lo :

Taxonomle Ranks and Therr Nam ] as?er Botanical Code : The scréntrﬁc name of a
plant is made up of two epithets (binon @ pnsisting of the genus name followed by the species

"name. e.g., Launaes procumbens Ramayyq & Rajagopal. The name(s) after the élpec:fic epithet

represents its author(s) name.” of nomenclature js called Binomial nomenclature and -

it was introduced by Linnaeus. S . |
. N o v .. 1

' Examplel ‘ Exaplez
© . Division . e Magnollophyta S Magnohophyta . _' 1 ; ‘ -
R _(Angrqs;rerms) ‘ B S ! - ;ﬁ>
Class L Magnolidae © - Liliatae. | b |
Subclass % - Asteridae  Lilidae - .| o
Order. .- - - Asterales . Orchidz_xles - e
- Family  Asteraceae " 'Orchidaceae
" Gerlus T " " Laundea - 'Habeuf_mﬁd‘,- S i o
_Species, N o procumbens - remeyyena - |
LT . I

Recently some botamsts preferred to mtroduce new taxonomic ranks by pre:ﬁxmg super :

T eg, Super Kingdom. Eukaryota orgamsms wrth membrane bounded nucleus:- |
' . !

_Check Your Progress -1

What are taxonomlc ranks 7 '7

e T .
= _\i“'“-""—-m_,\_ .



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

T T O R R R T

R N T E R R R TR R RIS A

114. SUMMARY

Taxonomic ranks are instituted by grouping plants according to their similarity.-The pr1nc1pal
taxonomic ranks in ascending order are species, genus, family, order, class, division and kingdom.
The speaes is the basic unit of the taxonomic ranks and-constitutes a physu:al entity.

The scientific name of the plant is made wp of 2 parts - (a) genenc epithet and (b) specific
eplthct -

11.5. CHECK YOUR PROGRESS MODEL ANSWERS

1. - According to the s:mllanty of characters the plants are divided into groups called Taxonomic
Ranks.

-11.6. MODEL EXAMINATION QUESTIONS\

I Answer the following question in about 30 lines\,) .

1. Write about different taxonomic ranks lant kingdom substaﬁtiating their endihgs '

as per botanical code. _ ,
1L . Answer the following queshon%ui 10 lmes each, . .. . . _
- L Write bn_cﬂy about t ecifid’endings of various ranks as per the rulcs of Intematlonal
Code of Botanical Nogegklature.

2. Describe b;iéﬂ'y the Binomial system of nomenclature.

145
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- -UNIT-12 CLASSIF ICATION OF BEN THAM AND

Bythe end Ofthjs unit you will_be able‘( . .' L e - . B

- HOOKER AND PHYLOGENETIC
CON SIDERATIONS " |

Contents

12.1. Objectives
12.2. Introduction

C123 Bentham and Hooker system '

123.1. chotyledones ‘ '
1232 Gymnospermae ‘ s o R
- 12.3.3. Monocotyledones’ ) ' ‘ I
12.3.4. Merits & Dements )
12. 4 Phylogenetlc consrderanons

12.5. Summary ‘

'- 12.6. Check Your Progress Model Answers o N ‘_ _ )
12.7. Model.Exammanon'Questlons. ) m e o AR

12 OBJECTIVES o« %

Hooker,

1. describe the classmcat:on ofB%: R :
'2'. llst out the merits-and demerits ntham and Hooker system of class1ﬁcatlon, and

3. list out the primitive. oharacters and ddvanced. characters of plants e

B
I
12.2. INTRODUCTION |

Class1f|catlon of plants is a fascinating subject. Broadly speakmg, classrﬁcatory systems' '

- dealing with plants, can be divided into (1) classifications based on habit, (2) artificial systems

based on numerical classification, (3) systéms based on form relationships (natural systems) |
and (4) systems ‘based on Phylogeny (blood relationship). Bentham and Hooker system:. of

* . classification represents the culmination point of "systems based on form relanonshtps" George

146

Bentham and Sir Joseph Dalton Hooker, two-British botanists, published their work in Latm
as a 3-volume work “Genera Plantarum” during 1862-1883. The work contain$ names and °
descriptions of all genera of seed plants known upto the period of its publication a'.nd arranged
according to their system of classification. ‘Two thirds of the “Genera Plantarum” was written.
by Bentham and the rest by Hooker, durmg a span of dedlcated effort of about 25 years.

The Bentham and- Hooker system is in general based on de Jussiew’s, de Candolle’s and - _
Lmdleys works. The system 1ncludes class1ﬁcat10n of seed plants only and deals with about

97, 205 species.
12 v BENTHAM AND HOOKER SYSTEM

_ Bentham and Hooker divided the seed plants into three major groups L chotyledones, L
Gymnospermae and IIL Monocotyledones Each group is further divided mto Series, Cohorts

and Natural orders A broad outline of the clasmficanon is as follows

AN



' Phanerogams {Seed Plants)

chotyledones ' Gymnospermae

Polypetalae Gamopetalae Monochiamydeae

12.3.1. chotyledones

-

L s
. Monocotyledones

The group chotyledones is d1v1ded into 3 subgroups viz., polypetalae Gamopetalae and

- Monochlamydeae

~ Polypetalae ,
i) Flowers with two worls of Perianth
_ ii) Inner whorl or Petals free.
- Series 1. Thalamlﬂorae
i. Sepals usually distinct or free from ovary
i, Pctals and stamens, hypogynous
' Cohort 1. Ranales - '
Families, 1. Ranunculaccae o

3. Calycanthaceae -

5. Annonaceae
YA Berberidaceae

‘2. Dilleniaceae

4. Magnoliaceae

© 6. Menispermaceae

o 8.®haeaceae

Cohort 2.'Parietales. A -
 Families 1. Sarraceniaceae Papaveraceae o
3. Cruciferae. " 4. Capparidaceae
5. Resedaceae ?‘ _ 6. Cistineae
7. Violaceae . 8

Cohort 3. Polygalmeae

9 lemeae Q. e

,Famlhes 1. Pittosporeae
: 3. Polygaleae
' 'Cohort 4. Caryophyllmeae 7
Families 1. Frankeniaceae -
3. Portulacaceaé =
Cohort 5. Guttiferales a
' Fafmilies 1. Elatineae
3. Guttiferae .
. 5. Dipterocarpeac
Cohort 6. Mailvales
Families 1. Malvaceae .
' 3. Tiliaceae .

Series 2 Discmorae

FN S

. Canellaceae

2. Tremandreae
4. Vochysiaceae

[

. Hypericineae

6. Chlaenaccae

2. Sterculiaceae

1 Sepals distinct or umted -free or adnate to ovary

-ii. Conspicuous Disc present at the base of ovary

i, Stamens generally definit in Number

iv. ‘Ovary superior.

. Caryophyllaceae '
-4. Tamariscin¢ae-

. Ternstroemiaceac

147



" 'Cohort 1. Geraniales :

‘ Famiiies 1. Lineae i | 2. Humiriaceae ~
- 3. Malpighiaceae : " 4. Zygophyllaceae
5. Geraniaceae .7 6. Rutaceae |
7. Simaroubaceae - . 8. Ochnaceae
9. Burseraceaé . 10. Meliaceae

__ 11. Challetiaceac.
A Co!loft 2. Olacales |

Families - 1. Olacineae o 2. Tlicineae - -
_ 3. Cyrilleae \'
" Cohort 3. Celastrales - _ . _ '
Families 1. Celastrineae : 2. Stackhousieaé .’
3. Rhamneae -. - 4. Ampelideae
Cohort 4. Sapindales
Families - 1. Sapindaceae. - .- 2. Sabiaceae
3. Anacardiaceae 0 ‘
Anomalous Families o - -
. - L Coriarieae : O
‘ © 2. Moringeae ?5
. Series 3. Calycifiorse ﬁ o
i. Sepals united and adnate tg.gvar
ii. Flowcrs-peri'gynous or Ep S _
il _DiSc adnate to the base of calyx |
iv, Ovary half inferior or inferior = :
Cohort 1. Rosales . S
Families - 1. Connaraceae - 2. Leguminosae '
3. Rosaceae 4. Saxifragaceae .
. 5. Crassulaceae 6. Droseraceae . . |
7. Hamamelideae 8. Bruniaceae '
9. Halorageae
Cohort-2. Myrtales _ L
' Families - 1. Rhizophoraceae 2. Combretaceae
' ~ 3. Myrtaceae 4. Melastomaceae .
_ 5. Lythraceae . 6. Onagraceae
Cohort.S. Passiflorales \
Families - . 1. Samydaceae - 2. 'Loaceae .
3, Turneraceaé - 4. Passiflorac :

148 5 Cucutbitacese '6: Begoniaceae

T



7. Datisceae

N " Cohert 4. Ficoidales _
Families 1. Cactaceae 2. Ficoideae -

‘Cohort 5. Umbellales _
Families 1. Umbelliferae : 2. Araliaceae

3. Cornaceae. -
Gamopetalae

i. Flowers with distinct calyx and coroila

ji. Petals united. '
Series 1. Inferae _

i. Stamens generally as many. as Petals

ii. Ovary Inferior '

Cobhort- 1. Rubiales

Families - 1. Caprifoliaccae’ 2. Rubiaceace
Cohort - 2. Asterales ' '
Families - 1. Valerianeae ] -2.D ae
| 3. Calycereae - = @mpositae
Cohort - 3. Campanales ' o
. Families 1. Stylideae ?“2. Gobdenoviae_‘

3. Campanulaceae. Q‘ _

Series 2. Heteromerae _ _
i, Stamens either equal to' the number of Petals or double the number of Petals or
indefinite. , . . o L
. . ' . N
ii. Carpels more than two.

“iii. Qwary superior,

‘Cohort - 1. Fricales - - I

Families 1. Ericaceae - 2. Vaccinieae
" 3. Monotropeae .~ 4. Epacrideae
5. Diapensiaceae : - 6. Lennoaceae

Cohort 2. Pﬂmulales .
‘Families - 1. Plumbagineae ) 2. Primulaceae
3. Myrsineae '

Cohort 3. Ebenales
Families - 1. Sapotaceae ' 2. Ebenaceae
- 3. Styraceae. ' ‘

Series 3. Bncarpellatae

i. Stamens Eplpetalous. as many as or fewer than petals
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ii. Carpels usually two.
. iii.wO&"ary superior.- -

'Cohof.t - 1. Gentianales: ~ .

Families - . 1. Olcaceae E A Salvadoraceaé S
3. Apocynaceae - 4 Asclepiadaceae’ '
- 5. Loganiaceae 6. Gentianaceae .

Cohort - 2. Polemoniales

. Families - 1 Pol'emoni_a‘ceae' ' 2. _Hydrdphyllacéae o i
3. Bt;ra‘riaceae o "~ 4 Convolvulaceae .
5. Solanaceac ' ' :
. ] . . [
Cohort - 3. Personales B ;' R - ‘ -
Families - 1. Scrophulariaceae 2. Orobanchaceae - |
3. Lentibulariaceae 4. Columelliaceae
: 5. Gesnaraceae o , 6. Bignoniaceae - e '
' 7. Pedajineae‘ 8. Ad&ha'ceae U
‘Cohort- 4. Lamlales P T~ o o S h
Fam1hes- 1. Myopormeae s o @l'agineaé' ) N o

3. Verbenaceae - n ?\4 Labiateae. SRR
 Anomalous Family - PlantagineQ~ I |
Monochlamydae : @ S - ' :

Flowers generally with one whorl of Perianth of Sepalond nature, sombtlmes Perianth
altogether absent. : : .

. Series 1 Curvembryae

Families - 1. Nyctagmeac B 2 Tllecebraceae .
3. Amarantaceae _ 4. Cherniopodiaceae o '
5. Phytolaccaceae. . . - 6 Batideae. - '
7.-Polygonaceae ‘ '
Series 2. Multiovulate Aquaticae T
* . Family - A, 1. Podostemaceae * -
'Series 3. Multiovulate Terrestres - ST ‘ R - '
Families - 1. Nepenthaceae - 2. Cytinaceae . ... .
" 3. Artistolochiaceae. o e ' L

Series 4. Mic:embryae. .
Families - 1. Piperaceae , 2, Chloranthaceae ™ "~
" 3. Myristiceae . ' . - -4, Monimiaceae . .
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Series 5. Dephnales _
Families 1. Laurincae 2. Proteaceae
3. Thymeliaceae "+ 4. Penacaceae

5. Elaegnaceae

Series 6. Achlamydosporae
‘Families - 1. Loranthaceae 2. Santalaceae

3. Balanophoraceae .

Series 7. Unisexuales . _
Families 1. Euphorbiaceae i 2. Balanopseae

3. Urticaceae - . 4. Plantanaceae
5. Myricaceae ' 6. Casuarineae

7. Cupuliferae

Anorrialous Families _ 1. Salicaceae
’ 2. Lacistemaceae
3. Empetraceae
4. Cematop bileaé
12.3.2. Gymnospermae o 6

?a;iljes ‘

. Gymnospermae is divided directly jato
Families. 1. Gnetaceae q 3. Cycadaceae

2. Coniferae

12.3.3. Monocotyledones - o

: Mdnocotylcdones is divided into 7 series.

Series 1. Microspermae _
Families 1. Hydrocharideae 2. Burmanniaceae
' " 3. Orchideae

Series 2 - Epigynae

Fami]ie's_ 1. Scitamineae 2. Bromeliaceae
3. Haemodoraceae 4. Tideae
5. Amaryllideaé . - 6. Taccacecae

1. Dioscoriaceae

Series 3. Coronarieae

" Families 1. Roxburghiaceae 2. Liliaceae
" 3. Pontederiaceae - 4. Phylidraceae
5. Xyrideae _ 6. Mayacaceae
8 Rapateaceaé

7. Commnelinaceae



- Series 4- Calycineae _
Families . 1. Flagellariaceae =~ - 2. Juncaceae
3. Palmae :

" Series 5. Nudiflorae . |
Families - 1. Pandaneae - ~ 2. Cyclanthaceae o X -
3. Typhaceae. . 4. Aroideae '

. 5. Lemnaceae .

Series 6. Apocarpae _ ' _
Families 1. Triurideae ' 2. Alismaceae
3. Najadaceae ' ' o

2

Series M‘T' - Glumaceae . ‘
Famities 1. Eriocauleae - _ 2. Centrolépidea
7 ‘ 3. Restiaceae : ‘ 4. Cyperaceae’
s, Gramineae '

1234. Merits and Demerifs L

International Code of Botanical Nomenclature akg.gs follows: L _ -
o * e.g., Dicotyledones. '

Group = . Division?s
Subgroup . = : Sm@ ' - e.g., Polypetalae
S ! -

The taxonomic ranks of Bentham and Hob their equivalents irf accordance with the

Series S = o . . eg., Thalamiflorae:
Cohort -~ o= 7 rder _ e.g., Ranales .

Natural Order ‘ amily N " é.g., Magnoliaceae

 For seed piants, Bentham and Hooker recognised about 202 families of which 163 represent
the Dicotyledones, 34 the Monocotyledones and 3 the Gymnosperms. They divided Dicots into
three subgroups - Polypetalae, Gamopetalae and Monochlamydeae based o¢ the nature of
perianth.  These are further divided into series. The Polypetalae is-divided into 3 series,,
Thalamiflorae; Disciflorae and Calyciflorae, based on the nature of ovaryand the presence of
hypogynous disc. In-Thalamiflorae the ovary is superior and the disc is.absent. In Disciflorae -
ovary is superior and the disc is present. In Calyciflorae the ovary-is superior |to inferior and
is accompanied by the fusion of calyx and corolla (e.g. Cucurbitaceae). On the; other hand, in
Gamopetalae the emphasis is based on fusion of petals and reduction of stameéns. In this group -
3 series are recognised: Inferae (with inferior ovary and five stamens), Heteromerae (with
~ superior ovary and 1 or 2 series of stamens), and Bicarpellatae (with bicarpellary ovary and a
trend showing reduction of stamens from 5 to 2). - S

‘The Monochlamydeae represents a heterogeneous group of members w:hich could not

" be accommodated either in Poly - or Gamo- petalae as it shows absence of non-essential
floral parts or their reduction, accompanied often by unisexual flowers. The treatment of the. -
Monocotyledones by Bentham and Hooker is slightly different, and unlike Dicotyledons, they
have niot recognised cohorts within the series. The series are followed directly by natural orders

(families). In all, seven series aré recognised among monocots. -

Apart from the above treatment, they also recognised few anomalous families such as
159 Coriarieae, Moringeae, and Plantagineae etc. S .



~ * The system of classification proposed by Bentham and Hooker is said to be "natural system”
because it is a byproduct of an extensive comparative study of vegetative and floral characters
“of plants, indicating naturalaffinities. One can recognise the following trends in this system: °
(i) a trend from woody to herbaceous/aquatic habit in any group, (i) Floral parts free and
~ numerous to floral parts few and variously fused (e.g., Polypetalae to Gamopetalae) and (iii)
- Superior ovary to inferior ovary condition, with exception in Gamopetalae and Monocots. -

" The major merit of Bentham and Hooker's Genera- Plantarum is, the présentation of -
description of genera based on their personal observation of plants, available at Kew Herbarium,
and collected from-various parts of the world. Further, most of the genera are subdivided into

 subgenera or sections, each of which is named, diagnosed, and clearly circumscribed.

~ The other é:ignificant aspect of the _sysfem is, employing more than one character; for. . .
instituting the groups. ' : o - S T

This system is followed in al_f the Commonwealth countries and it withstood the test of
time as an efficient and practical system for the identification and classification of species. '

The major defects in Bentham and Hooker system are (a) inclusion of Gymnosperms between

Dicots and Monocots, (b) Accepting the dogma of constancy and immutability of species, (¢)

_institution of a heterogenous group-the monochlamydeae and (d) treatment of certain families
as anomalous ones, without incorporating: them in the, main body of the: classification.

" Check Your Progress 1,2 &3 . o ) : -
1. What is the title of the book written by Bengham &ooker. =

2. What is the criteria taken to divide the groyp djfots into sub-groubé T

3. "What are the major defects in th'eicla?a‘ion of Bentham & Hooker ?

Note: (a) Write the answers in the @ giVen below, R -

{b) Compare yo@ransw?'wit sthose given at the end. <. - . R

_*"*Piglogeny is the evolutionary history of ik’ oiganisnis. Informatior regarding the origin:
. .and development of a txon is provided in Phylogenetic Studies. The fundamental objective 153



of phylogenetic studies of plants is to détermine the origin and relationships of taxa (both past
and present) and to classify them according to their genetic (blood) relationship. To provide a
sound genetical kin-ship, it is essential to have data on the past-history (Paleobotanical evidence) .-
of plants. The lack of adequate Paleobotanical evidence for the origin and early development
. -of Angiosperms, however seems to be a major obstacle in arriving at a uniform opinion on .
~ . phylogenetic ‘studies of these plants. - Accordingly, systematists like Bessy (191&), Hutchinson
(1926,1971), Sporne (1949, 1954), Smith (1967) etc., postulated certain phyletic concepts based
on qitensive comparative morphological study of diverse members of the moderh Angiosperms.
. The general phylogenetic dicta.concerning the primitivity and advancedness of various ™
 characters accepted by the majority of botanists are as follows: L '
. . : ' ) i

' Pfimitive condition .~ - . Advanced condition =
1. Woody habit . 1.. Herbaceous habit.
2 Xylem"vt.ithout vessels” 2. Xylem with vessels
3. ,Pefennial habit - - B ‘_3.‘ Biennial ‘and" annuai habit
4, Teffest;ial plants - - . 4 * Aquatic and e_piﬁhytic i)lants"
-5, " Stipules present ' ¢ 5. Stipules absent '
. 6. Simple ‘lcavgs : R 1 mpound leaves *
7. Bisemalfiowers. . . INU exual flowers
" 8 Solitary flowers: - Q Flowers in inflorescens
. 9. Entamophily - - Anemophily B "
10. Floral parts Spirallly'Ain'nbr,icatﬁc?s 10.. Floral parts whorled ‘or: valvate .
11 Undifferentiated periang} & . 11 Differentiated petianth:
12. Petals present’ 3 12. Petalsabsent © - .
13. * Actinomorphic ﬂo@ . 13. Zygomorphic flowers = .~
" 14,. Hypogyny o 4 Perigyny énd'epigyny ; .
5. Staﬂ_i];hs(,fr;ee and many - 15. Stamehé united and few '
16. Monosulcate pollen o 16. Monoporate pollen .
'17. :Carpels many and free - 17. Cafpels few and united
18. Placentation taminar _ 1. Placentation axile, parietal etc.
'19. Fruita follicle: - - S 19 f‘mit a capsule, berry,ldii'upe etc.
20. Seeds large, embryo.small . 20. Seeds small, embryo well .
..~ endospérm-abundent and = _ " developed, endosperm little or

nuclear type . - -, - none and cellular or helobial type.

g

- 125, - SUMMARY
: Bentham and Hooker system of classification of seed plants is a “natural system" basedupon
. an extensive comparative study of the plant characters indicating their natural affinities. Itisan -
- efficient and practical system followed in all the-Commonwealth countries. According to this
system; the seed plants are divided into three major groups viz., Dicotyledones, Gymnospermae
" “and Monocotyledones. Each major group is further divided into series, cohorts, and natural
_ orders (families). The following trends are recognizable in this systéni (1) a trend!from woody
“to herbaceous /aquatic habit, (2) floral parts free and numerous to few'and variously fused and, -
154 (3) superior to inferior ovary.” -+ v - | R I

.\' .



Phylogeny is the evolutionary hlstory of the organisms. Determmatlon of the orrgm and

interrelationship of the taxa and to classify them accordmg to therr genetlc code are .the
- fandamental ob]ectrves of the genetrc code. ‘ .

- 12.6. CHECK YOUR PROGRESS MODEL ANSWERS

1.
2.
3

The trtle of the book written by Bentham & Hooker is Genera Plantarum
Nature of perranth parts is the criteria taken to divide the group dicots into sub-groups ‘

The major defects in the Bentham & Hooker system of classification 1s (a) inclusion
of Gymnosperms between dicots & monocots, (b) accepting the dogma of constancy and-
immutability of species, (c) institution of a heterogeneous group, namely, the ‘monocotyledonae

' & (d) traeatment of certain families as anomalous famrhes.

12.7. MODEL EXAMINATION QUESTIONS-

L Answer the following questlons in ahout 30 hnes each

II. Answer the following questions in abol'lt'lﬁ'ch. '

1 'Grve a brief account of Bentham and Hooker system of classrﬁeatron and discuss its

merits and demerits.

2. Why is Bentham and Hooker systcm of classrﬁcatron called as'a natural system of -

classification. ‘ _ _ o
3. What is meant by phylogenetic coﬂsideration@rt clzrssiﬁeation.

-

1 Descrrbe briefly fhe___me_rit_s and de wof the classrﬁcation of Bentham &:Hooker_.

2. Write briefly about the prin%;\d advanced characters of plants. : :
3. Write briefly about th@nt eatures of the classification of Bentham & Hooker.
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'UNIT-13 : MAGNOLIACEAE  Dikim |- seins .

Sub Division' |- : Polypetalae

Class - ,Thalamrﬂorae
Order .. - : Randles
‘Family -~ .- ,Magnohaceae’.‘ o

Cont\ents U
+ - 13.1. Objectives - . _ _
- 132, Introduction - + - LI P
133 Taxonomic Characters & Economrc Importanoe » S
© 134. Important Plants - =
135. Floral Formula L . o '
' 13.6' Dlstmgu1§hmg Characters B '
13.7 Summary : S - R
o 13‘.8 Check Your Progress Model Answers S o et r o
- 139, Model Examrnatlon Questrons ' BRI TSR

'13.1. OBJECTIVES

L 'descnbe the various. taxonomic charac s&ﬁgrem members, ¢
20 st out the rmportant gcnera ' ) ST
© 3 st out the dlstlngmshmg'cha—ra Y and L P

4.7_ "descrlbe the economic 1mportance of the farmly Magnoliaceae

13 2. INTRODUCTION

The famrly consists of 25 genera and 450 specres and cofined to tmprcs and subtroplcs of ‘
India, East Asia and Amerrca mostly trees, shrubs and few climbers (Kadsam) ‘0il passages
" “are often present in the parenchyma of the stems. Xylem with scalanform perforated vessels.

13.3. TAXONOMIC CHARACTERS AND ECONOMIC IMPORTANCE

Leaves sunple with paracytic stomata Strpules are united to form a hood over ‘the younger s
- leaves. They are thrown off as the leaves expand leaving a round scar on the node x (Magnolla) '
) In Kadsura species stlpules are absent :

Flowers mostly sohtary, actmomorphlc erther ternrunal or, a:ullary, brsexual or ‘unisexual .
. (Komneria). Bracts: spathaceous and deciduous, pefianth in muItlple of three, in three or more
whorls, mostly petalord in some cyclic (Magnoha) and sprral in others hypogynous

Stamens nemerous, Sprrally arranged flat, bilobed, dehrscrng longrtudmally, mtrorse or
latrorse (Magnolia, Michelio) or extrorse (Lmodendmn) pollengrams, brlaterally symmetncal
monosulcate - o . N e
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. Gynoecium superior, carpels numerous, apoca’.rpusﬁ arranged spirally on long torus. ary
~ one -loculed, ovuies one to many, parietal and anatropus, Style one, stigma one." -

Fruit an aggregate of follicles (Magnolia) or samara (Liriodendron) or be.lfry_ (Schisandra).
.~ Seeds with small embryo and with copious endosperm;. mostly suspended by amr elongated
" funiculus. Testa of the seeds is colonred (Magnolia - reddish) <

‘The species of Magnolia, Teluma and Michelia are cultivated as ornamentals. Liriodendron
tulipifera (Tulip tree) yields useful timber and is used in making furniture. The wood of some . = -
species of Magnolia (M. acuminate-cucumber tre€) is used for cabinet work. In India from

Michelia champaca flowers champaca oil (a perfiume) is extracted.

Fig. 13.1. Michelia 13. 1, champca. A, Twig. B. Essential organs. C. Stamems.
D. Gynoecium. ‘E. LS. of Gynoecium. FT.S. of Ovary. G. Aggregate of follicles. . -
H. Pqilén grain, 1. Paracytic stomata. J. Floral diagram 1. Stamens. 2. Gynoecium.

B 1
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134. IMPORTANT PLANTS C

Important gencra and specles of ths famIIy are:

: - l. ﬂhcmm verum *
’ 2.  Kadsure 'ro:::bmyhianai '
3. Liriodendron, tulipifém .
‘4.~ Michelia. champaca - - -
' 5,.7 Mi;:hglia flugcata- ' _
6. Mééhel;a‘nilagiﬁca: o :
- T .Magnolia acuvminate
8. Magnolia grandiflora
9. 'E-up_ll!elea * :
. 10., Kmeria * !

—
fxy

S o~ 11 - Wintera * S - S . :
. ‘ o ’ Tmchodendmn o . g ’ T
: o 13 Sch‘csandm : < S '
. o 14, Manghetw - 0 - SR
-+ These generd in the recent classtﬁcatory sy;@ré separated from Magnoliaceae and

-treated under separate families (Vsz Il liciacene, endraceae, Eupleleaceae, Winteraceae.
and Schtsandmceae) : : ‘ ‘ - . '

. Check Your Progress -1 ‘ = % N
o 'Write the economic imbortance 0, family Magnpliaceae. -

Note:  (a) Write your answer in the ¥pace given below.

& P

’ (b) CoIIIpaIe your answer with the one given at'the end.

- 135, FLORAL FORMULA
BBl o, 3 org '" 'g%éﬁ%, Aoc, G
13.6. DISTINGUISHING CHARACTERS ‘
E . _- « .- a) Dendroid habit, b) Simple lcaves with paracytic stomata, c) Vessels with scalanform

perforations, d) Flowers solitary, actinomorphic and mostly bisexual, e) Floral parts numerous
and free. f) Stamens and- carpcls splrally arranged £) pol[en grams monosulcate.
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The above characteristic features of Magnoliateae pc_)int“towards the primitiveness of the -
family among the dicots. ' . : .

13.7. SUMMARY
. The Magﬁoliaoeae is a primitive family characterizgd 'By dendroid habit, vessels with -
scatariform perforations, flowers actinomorphic and bisexual with floral parts free and numerous,

prominent torus (receptacle) and monosulcate pollen.

Magnolia and Michelia-are the typical members of this family.

' 138. CHECK YOUR PROGRESS: MODEL ANSWERS _

1. Timber for making furniture is obtained from Lin‘odendrm tulipifera. The wood of Mdgﬁolz‘a
spp. is used for cabinet work. Champaka oil is obtained from the flowers of Michelia
_ champaca. Species of Magnolia, Talauma & Michelia are grown as ornamentals.

139, MODEL EXAMINATION QUESTIONS

"I Answer the following guestion in about 30 lines. & - . |
S T "Magnoliaceae is considered as a primitive f}sb- suppdrt:'the statement with proper'
facts. .

IL Answer the following questions in ab?& lines each.
a

i, What are the distinguishi% ers of Magnoliaceae. ~ o
2. Name 10 important pjagts oNMagnoliaceae. .- - | S '
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: Drcotyledones

used in 1dent1ﬁcatlon

UNIT-14 BRASSICAEAE Division ¢ -
: (CRUCIFERAE) Sub Division . : Polypetalae _
Class =~ = 'I‘halamrﬂorae-
_ Order . .+ Parietales-
T Family : |Brassicaceae
*Contents
141 Ob]CCthCS '
E _-142 Introduction
-,14 3. Taxonomic Characters and Economtc Importance
144. Floral Formula ' ' -
14.5. Dlstmgulshmg Characters
14.6.-_Summary o R
147, 'Chec'k Your Progress-: Model Answers .
148 Model Exammatmn Questions L )
_-‘14.1.- OBJECTIVES ‘ _‘ N
" By the énd of thrs umt you w1|l be able to: - Qi
it members, - lrr“

1. descrrbe the vanous taxonomlc characters f di
2. Hst out the 1mportant genera ’ ) ; o e o
3. describe the economic 1mportance @?&e‘mbers of Brassicaeae, and - !

4. list out the dlstmgulshmgch@' : L S o ‘

-142 JINTRODUCTION .~ = = D

_},

' The famrly Brassrcaceae ‘consists of - 375 genera and 3200 species. In ‘general these occur
in all parts of the world, but mostly conﬁned to temperate and medrterramanregrons Mostly .

' herbs or perenmals

14.3. TAXONOMIC CHARACTERS AND ECONOMIC IMPOR'IAN CE

Leaves srmple mostly alternate and exstrpmate entire (Ibens) or vanously dissected -
' {Bmaszca) Stomata typrcally amsocytlc (Crucrferous type). Harrs snnple or branched and often' =

Flowers arranged ina raceme or Coxymb regular, brsexual and hypogynous :

‘Sepals four in two whorls (2+2), the outer two often slightly- glbbous at base
- Petals 4, “in‘one- whorl, spread out in the form of cross (Crucrform) and often clawed

Stamens in two whorls, an outer of 2 short and an mner of 4 long (tetradynamous) stamens _ '

.  rarely 2 (Senebom didyma), anthers mtrorse dlhlscence longrtudmal Pollenl grains radlaly
: .'symmetrtcal trlcolpate and retrculate

l , due to antero-postertor partttron {replum or false septum) which is an outgrowth of the plaecntae,—

ovules numerous,f anatropous or campylotmpous Style short, strgmas “fwo.
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Fruit a capsule; when it is three times as long as broad it is siliqua, and if shorter, a silicula..

It is:divided into two by a thin membrane (replum). Fruit dehiscence Valvular, the valves break
away from below upwards, leaving the seeds left appressed to replum. Some times the fruit is -

_ jointed between seeds as in a lomentum. In some achene-like one seeded fruits occur and in
“Cardamine, the fruit is subterranean and indehiscent. " : : - )

Fig,' 14.1. Br‘a;aicﬁ 'C'ampeahl-z's' A 'Dwing B. Flowcr'C. Petal. D. Siamens and
Pistil. F. TS, of ovary G. Siliqua. H, Anisocytic stomata. 1. Floral Diagram

© Seeds exalbuminous; testa often mUcilagiﬂ'ous (Mustard .secds); Embiryo often. curved,

usually radicle in one half of the seed and cotyledons in the other. - . -

. Poltination _entomqﬁhyl_ous. N_ectaries are present at the bases, of stamens. This helps Cross
pollination by insects. = . , e I 161



. Note: (a) Write your answer in the space glven beli

162

: treatment of sdurvy disease.

146, SUMMARY

All ,members of\th\xs famlly are oftcn rich m suphur compounds and are useful 1n the

&
"~

~'The followmg spec1es are known as vegetables:

Brassica olemcea var. .acephala. (Karam say); B. oleracea var. boirytis (cadllﬂower, H-Pool

“go-bhj) B. oleracea var.: capitate (Cabbage, H-Band Gobhi); B. oleracea var. ‘gonygylodes

(Knoi-Kohl); B. compestris (turnip); B. pekinensis (Chinense Cabbage); Nasturtium officinale

(water-cress, H-Brahmi sag) Rapha'n.us sativus (Radchsh H-Muli, T-Mullangl)

Edible 011 is obtained from seeds of Brassica hma (white mustani’ H-Safed Rai, B, Juncea

' (H-Rai, T.Aaval); B. napus (Rape; H-Kalisarson).

" The seeds of Brassica nigre (black mustard) are used as condiment.

"fﬂe following plants are cuitivated as ornamentals : Eruca sativa; Tberis amara (Rocket
candytuft); Iberis umbellata (Candytuft) Cheiranthus cheiri (wall flower); Matthwla incone

~ (stock)

Capsella bursapastoris is a common weed. in North Tndia..
Check Your Progress -1

T

List out the important vegetable species of this fami]y ?0 .

(b) Compare your answer W1th the one giv the end.

L I B AT T T T T
L I R T T T
.........................................................................................

D I R R R LA I I R R R R N I R T

144, ' FLORAL FORMULA

Ebr, Ebl, e,é K2+2 Ca,A 442 G Q)

14.5. DISTINGUISHING CHARACTERS

(a) Predommently herbs, (b) Leaves 51mple wrth amsocytic stomata, (c) Flowers mostly -
~ regular, bisexual, hypogynous (d) Corolla cruciform. () Stamens mostly tetradynamous ()

Gynoecium syncarpous, apparently bicarpellary (due to false septum - replum) wnth parletat
placentatlon (g) Frult a sﬂlqua and (h) embryo curved ; :

The Brassicacéae; known for many vegetable yielding plants, is rostly herbaccous and shows

regular and bisexual flowers, cruciform corolla, tetradynamous stamens and parietal placéntation.

'



The various species and varieties of the genus Brassica are the commonly encountered
members of this famlly

14.7. CHECK YOUR PROGRESS : MODEL ANSWERS

1. (a) Brassica olemcea var. acephala ( Karam say} (b) B.oleracea var. botrytis (Cauliflower)
(¢) B. oléracea var. capitata (Cabbage (d) B. oleraceo var. gonygylodes (knol kohl), (e) B.
compestris (Turnip (f) B. pekinensis (Chinese cabbage)} (g) Nesturtium officinale (water -
cress) (h) Rephdnus satives (Raddish).

14.8. -MODEL EXAMINATION QUESTIONS

I. Answer the followitig question in about 30 linis.

1. What are the salient features in the floral structure of the fam1ly Brassicaceae. Add a
note ‘on jts econemic importance.

II. Answer the following questions in_about 10 lines each.
1. Write about the'distinguishing,charaéfers of Brassicaceae,

2. Give a brief account of the economic import@f Brassicaceae.
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By the end of this unit you wrll be able to: R . L
1 describe the vanous taxrmomlc characters ifferent membetts of this family, l
© 2. list out the 1mportant genera, . o . SRR
3. describe the economuc importance o@v&eae, and . . L '
4, _'..lst out the drstmgmshmg char%of. this family. ' .

-152. INTRODUCTION -~~~

Malvaceae known as cotton famlly is composed of about 82 genera and 1500 spec1es and -
cosmopolitan in dlStI'lbllthI‘l : . . ‘ K .

Herbs (Malm, Sida, Abelmosehus, Abuttlon) shrubs (sztscus T088-3IneNSis. Gassypmm -

sp) or trees (Thespesm and Bomba.z sp. ) ;‘

The stem and leaves often covered. with stellate and tufted hairs Mucxlagmous cells and -
“cavities present in all parts of: the plant

"15. 3 TAXONOMIC CHARACTERS AND ECONOMIC IMPORTANCE

Leaves alternate srmple entrre, serrate, usnally palmately vemed and lobed Stlpules present
often cauducous Stomata mostly amsocytlc : . . '

 The flowers solltary and ax1llary (thsscns and Ureﬂ.a.) or ter‘mnal (Abutzfon) 0ccas1onal]y o
terminal recemes (Althaea msea) . . S : -

Flowers showyp vanously coloured actmomorphlc, mostly blsexual ped1c1llate, bracteate,
pentamerous and hypogynéus; Epicalyx- frequently present (szzscua, Gossypwm) absent m
- some genera (Szda and Abutzlon) < : S

{64 Sepals five mostly_ umtecl at least at base, valvate,



t

~ Petals ﬂve free, shghtly connate at the base and to the stammal tube. Aestlvatlon generally e
thsted ‘ B . :

_ Stamens numerous monadelphous. Anthers monothecous and’ remform basifixed and‘

. extrorse. Pollen grains large sphermdal robustly spmy and penporate In Bomba,z the pollen is
trlcolpate and retn:ulate :

- Ovary superior, usually pentacarpellary, syncarpous pentalocular with one or more ovules in .
-each locule. Ovules anatropous. Placentation axile, Style simple and !ong and passes through .o
the holtow of the staminal tube. Stigmas capitate or discoid equal to or twice the number of
carpels and emerge out of the stammal tube. :

e

Fig. '15. Gossypium herbiceum. A.Twig, B, Essential ergéns C.T.S. of ovary D. Siamen.
E. Mature fruit.: F. seed.’ G. Floral diagram.-1. Stigmas. 2. Staiuens. 3. Monothecous
- anther. 4. Filament. 3. Cotton. 6. Comose hair

Fruit typ:cally a locuhcndal capsule (szzscus, Gossypmm) often a scthocarplc carcerulus ‘
(Altkaea, Malm, Suia) sometlmes a berry (Malmmscus) ) y : .

Seeds often pubescent In Gosaypmm the seeds are comose and the tomentose halrs are the .
extensnons of the epldermal cells. Embryo straight or curved endospern often oﬂy 165
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Pollmanon mostly entomophllous Self pollmatlon however takes place in szwcus esculentus
and Abutzlon. ' . L . : C

Tlus family is of great eCOI'IOITl]C 1mportance due to fibre yielding plants as Gossypwm Sp.
(Cotton, HKapas., T.Patte). Hibisciis cannabmus & H.sabdariffe, (T.Gongura) Urend lobata and,
Urena sinuais also yield fibre. The common species of Gossypium are, Gossypz'u,m arboreum,
Gos.pypwm indicum, Gossypium hirsutum, Gossypmm herbaceum etc. The halry outgrowth’
from the seeds yield the commercial cotton. Cotton is used for flllmg pillows, mattresses and
uphoistery. -Yarn is used in textile mdustry Cotton forms the basic raw material, for cellulose\
industry. Cotton seed oil is edible arid-the hydrogenated oil is used as Vanaspatl & also in soap
mdustry Cotton seed and cotton cake is used as cattle feed L

The stem ﬁbres of Hibiscus cannabinus & H. sabdariffa are used for makmg topes ﬁshlng '
‘ nets, gunnybags ﬂoormats etc. The flbre has lustre similar to ]ute ‘
~ The n:u1ts Abelmoschus esculentus (H Bhendi; T. Bcnda Kal) are used as Vegetables and
the leaves of szwcus sabdamﬂ’a and Hibiscus cannabmus as leafy vegetables P

’ Sllk cotton is obtamed from the capsular frults of Bombaz ceiba Syn S almalm malabancum
) ‘(Red silk cotton, T. Buruga) Bombaz insigne and Ceiba pentandm {(Kapok tree or whlte silk
‘cotton). S1lk cotton is mostly used for stuffmg p:llows and cushions. - .

The followmg are somc of the common ornamental p@& weeds.
H‘ibz’scus msa-sz’neﬂséa (shoe ﬂower, T. Mandaraf \

. Hibiscus schizopetal_ae K N ) S _ ‘
Hibiscus 'eem'acem o - ?\ BN - -,‘7 .
Hilbiseus ‘mutdbﬂie', . o -~ S _ ot -

Malaviscus ‘,glii'rl-)o'né‘us-‘ . m®Q‘ ) : . !

N

Abutzlon crispum - _
 Althea rosea (HoIIy hock) _ , _
Theapesm populnea (T. Ganglraw) A popular avenue plant with yellow show3r flowers.

oo N R W

Hibzscus mzcmnthus

Sida cardzfoka ' o IR S

o
e

- 11.  Sida spinosa .~

12, Side aculta'.‘ e . _
13 Sida thombifolia . - el

4. Abutilon mttlmln' S SO '

.~ Pavenia zeylonica

Malve parviflora

Kadia. ealyc-ina :
‘Malathra camtata
'ulaastrum tﬁcuspzda.tum, )

Jnnsoma dzgztata (Baobab tree of Afrlca)

166l1:.irsv'st_‘_ '_ classnﬁcatlon o e
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Check Your Progress 1 &2.

1. What type of. tamens and anthers we come across in Malvaceae ?

2. Name 2 genera which yleld fibre.

-+~ Note: "(a) Wnte the answers:in the space given below.
) Compare your answers with those given at the end of thls umt

R A R AR R R EERE LA b
FR O R S L R LR R R A
..............................................................

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

154, - FLORAL FORMULA

Br, Brl, @; epicalyx, K(5),C5 A (),G (5)

- 15.5. DISTINGUISHING CHARACTERS

a) Leaves stipulate. -~~~ ERL <> E '
“ b) - Presence. of epicalyx. - ) Q K :
" ¢) Monadelphous stamens. Monothecqus an hiform anthers

d) * Pollen grains large, robustly spizé an§penporate

€) Fruit typically a Ioculicidal c carcerulus. -

156, SUMMARY @

ThlS is an economlcally lmportant famlly with plants yleldlmg cotton, silk-cotton, hemp etc.
The malvaceae is characterised by usually palmately veined leavaes regular bisexual flowers, .
monadelphous stamens and loculicidal capsules. Hibiseus, Side and Gossypmm are the most
commeonly encountered members of this family. . :

15. 7 CHECK YOUR PROGRESS : MODEL AN SWERS —f””ff;f

1L In Malvaceae the stamens are monadelphous and anthers are monothecous and remform

-2 (a) Gossypmm sp. and (b) Hﬂnscus sp.

15 8. MODEL EXAMINATION QUESTIONS .

L Answer the followmg question in about 30 imes

1. - Write bneﬂy about the general chdracters of the famlly Malvaoeae and add a note on 1ts
economic importance.

- II. Answer the followmg questlons in: about 10 lmes each
1 Wnte the: botamcal names of any 10 members of this famlly '

2. erte briefly a_bout the economlc_ ‘1mp_o_1jt‘ancet- .

L L
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- UNIT'M RUTACEAE " Division Dicotjledons

- Subdivision  : Polypetalae
Class = - : Disciflorae =~
‘Order "~ : Geraniales - - .
. Family .~ : Rutfteae’
- Contents
"16.1. Objectives
16.2. Introducnon : :
16.3. - Taxonomlc Characters and: Economrc Importance =
164, Floral Formula = . S
16.5. ‘Dlstmglllshj_ngACharacters- ' B
__16.6. ‘Summary ' :

1716.'7; ~Check Your Progress: Model Answers®
16.8. "Model Exammatlon Questlons )

16.1. OBJECTIVES g e e
LT By the end of thrs unit you wrll be able tor T . N _ ' _
descrrbe the varrous taxonomrc characters ofd t m‘ember's‘of'_thjstarnily,

S J.w..s\i z-'

llst out the lmportant genera, - - gs . : : R
: descrlbe the economlc importance ﬁ‘ ae, and Ly

list out the dlstmgurshmg character bf this family,
yan -

- Tea. INTRODUCTION )

The Rutaoeae mcludes 140 genera and 1300 species, dlstnbuted m temperate and troprcal -
reglons especrally in South Afnca and Austraha . . el

. Shrubs (Mumya, G’lycoamzs} or trees (Aegle marmelos, Crtms sp Zanthozyhtm.) rarely
-herbs (Ruta gmveolena) ) ) e o ) .

The stem in woody plants is sometlmes armed w1th thorns (Ae_qle and Cstms)
|

- 16 3 TAXONOMIC CHARCTERS AND ECONOMIC IMPORTANCE

L Leaves alternate or opposrte, exstrpulate,pmnately compound (Mumya,) sometrmes reduced S
 to unifoliate condmons ( Cttms) leaves gland dotted aromatrc and contam volatlle oils. Stomata' R

- mostly anemocytrc

T Flowers arranged in axillary (Cztrus, Mumya) or- sometimes termmal cymes (Skammza) :

*“They are mostly actmomorphrc. brsexual (unlsexual 1t1 Eoodm) hypogynous generally tetra-or - -
penta-merous . . .

Sepals four or ﬁve, free or. united nnbncate and qumcuncral
- -

Petals four or ﬁve f.ree 1mbr1cate dlSC present between the stamens and ovary

51 6§ ¢ Stamens many, generally 8 or 10 obdlploste‘monous somet:lmes polyadelphous (Cztms) o



stamens 3-5 { Zanthorylum), 30- 60 (Aegle) 20-60 (Citrus). Fllaments free, 1nserted around the
dlsc anthers 2 celled, introrse, dehisce longitudinally. '

'Ovary ‘superior with. four or ﬁvc carpels, syncarpous, placentation axile (parietal in Feroriia),’
- Locules four or five each with 1,2 or many ovules. Styles as many as Carpels, dlstmct or connate. - -
Stigma Capitate, cvules anatropous.

Fruits are of varlous types, a capsule or a leathery rmd berry (Zanthozylum) or a berry ‘
“(Murraya). Sometlmes a giobose berry with rough woody rind (Feronia hmom)

’

: Sceds albuminous of exalbumlnous Embryo stralght or curved Pollination entomophllous '
protandry helps Cross pol[matlon Self pollination takes place in some genera ‘(Rute gmveolens)

-

Fig 161 Murrage ezotica. A. Twig. B. LS. of flowér. C. Pistl. D. Flo- -~
ral diagram. 1. Stamen. 2. Potal. 3. Sepal. 4. Ovary. 5. Stigma. 6. Syyle. 7. Disc.. |
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The family is of considerable -economic importance. Aegle marmelos (H; Bel; T. Maredu) '

has nutritiows fruit pulp rich in tannic acid. Edible fruits are obtained from Feronia elephantum
{wood apple, H. Kavit, T: Velaga). Thegenus. Citrushas a number of fruit yielding species - Citrus

aurantivm (Orange., T. Narinja), C. decumana (Shaddock-chakotra), C. sinensis (MoOsambi),.
C. medica Var. limetta (Sweet lime) G. paradissi (grape fruit T. Dabba Pandu) .C. 'retzculate-

(Suntara), C. medica Var. acide (T. Nimma), C. imon (lemon).

Leaves of Murmya. koem}dn (curry leaf, T. Karivepak) are used as condlment for flavouring

. food. The wood of Zanthozylum alatum is'used in makmg walkmg sticks and tooth p1cks

170 -

Ruta gmveolens (Rue, T. Sadapak) Skimmia sp. and Toddalm aculeata are medlCIl‘lal plants
C'uspa'rw yields a subst1tute for quinine. Leaves of Boenmnghouaw have msecmmdal propertles

Ornamental plants of thls famlly are Phellodendron (Cork tree), Zamho.r:ylum (Prickly ash), ,

Ruta (Rue), Murraya ezotica (Chinese box), Clausenia pentaphylia (aromaiic ornaﬁlental shrub,)

- Calodendrum (Cape-Chestunt) Dictamnus sp., and Luvunga scandens (Lavanga fata).

Check Your Progress 1,2 & 3
1. Name 2 genera Wthh yield edible fruits.

2. What is the reason for mcludmg this famlly m D1saﬂorae .

3 Name 2 genera which are medlcmally 1mportant 0 S

-

Note: (a) Write the answers in | the space glvmow. -
fl at the end.

. (b) Cempare your arl_swers with those

16.4. FLORAL ‘-FORMULA

Br,Ebrl,ea,§ K4ors5, C4or5 A80r 10, G(4or5)

16.5 DISTINGUISHING FEATURES

a) Presenoe of aromatlc oil glands in leaves fruits and other plant parts
b) Leaves usually pinnately compound or unifolite as in Cztr'us
c) Flowers regular, blsexual hypogynous tetra or penta-merous

d) 'Stamens many obdlplostemonous, sometimes polyadelphous ( Cstm).

€} Ovary elevated on a charactenstlc dlSC

f) Frult generally hespendmm (C'ztma ) or a drupe or berry : B

ah



16.6. SUMMARY

leaves, regular, bisexual flowers, prominent disc and numerous stamens. The ovary is superior

The Rutéceae, commonly known as citrus family, is characterized by gland-dotted compound

with many ovules on axile placentation. The various species of Citrus and Murraya are the -

‘commonly encountered members of this family.

16.7. CHECK YOUR PROGRESS: MODEL ANSWERS

1. - Feronia sp. & Citrus sp.

" 2. Due to the presence of disc in between stamens and ovary this family is included undeér -

disciflorae.

3, Ruta sp. and Skimmia sp.

16.8. MODEL EXAMINATION QUESTIONS

I. Answer the follbwi.ng question in about 30 lines.

1. Write about the general characters of Rutaceae addimsote on its economic importance.

1I. Answer the followirig questions in about-10 lines each:

1. Write about the economic importance of thi. .

2. What are the distnguishing chéra‘cters o'?qamily. o

Y
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'UNIT-17 : FABACEAE

Division - : Dicotyledons .

o (LEGUMIN OSAE) Sub-division  : Polypetalae
| . . Class .~ - . - : Calyciflorae
‘ : . Order . : Rosales
Family : Fabaceae

" Contents-

17.1. Objectives

17.2. Introduction’ | |

17.3." Taxonomic Characters of Fabaceae

17 4. Subfa_mily: Mimosoidea_e\

17.5. Subfamily: Caesalpinioideae

17.6. Sl'lb-family:_Papilionoideatj:' _

17.7. Di$ﬁﬁguishing characters & floral formulae.
17.7.1; Fabaceae

17.7.2. Mimosoideae o 0
~ 17.73. Caesalpinioideae B L )

17.74. Papilionoideae - O
L

17.8, Sﬁmmary - :

- ..

17.1. OBJECTIVES

179. Check Your Progress : Model A swg I
17.10. Model Examination Questio ; ,

. By the end of this Unit you will be able to: -

Caesalpinioideae and Papilionoideae,

- 1. -describe the various taxonomic characters of the fmily fabaceae and sub families Mimosoideae,

2. list out the important genera of the 3 s_ub--famiiies, :

.3 describe the economic importance of the 3 sub- families, and

4. list out the. disti_inguishihg characters of the 'family & also the 3 sub-families.“

17.2. INFRODUCTION'

The.name ‘Fabaceae’ is alternative to ‘Leguminosae’ which is commonly known as iegu_nic
family. The Fabaceae is divided into three distinct subfarilies, viz., Mimosoideae, Caesalpin-

. ioideae ahd.Papilionoideae;r(Or‘ Faboideae). But many. modern taxonomists préfer to elevate

172

 the three subfanilies to families and restrict the use of the Fabaceae.to the Papilionaceae ( =

Papilionoideae).’ in this unit, the Fabaceae is treated in the larger sense (Sensu lato),

The Fabaceae is the third largest family of angiosperms, constituting about 700 genera and
13,000 species and is cosmopolitan in distribution. ‘ : . o



'17.3. - TAXONOMIC CHARACTERS OF FABACEAE

Being one of the largest families, the Fabacece shows a wide range of variation in its
vegetative and floral characters. Plants are either herbs, shrubs or trees. Climbers are common.
Roots of many Papilioneideae develop nodules which contain nitrogen fixing bacteria (Rhizobium
species). Leaves alternate, compound, stipulate, in a few (liké Crotalaria species) simple; in
Mimosoideae usually bicompound. Leaf base pulvinous in some and such membcrs CXhlblt
sIeep movements. e.g., Phaseolus species).

ﬂ///‘f,

ey

‘ UFig. 17.1. Acecia ntlotica. A Twig. B. Flower, C. LS.
~ of flower. D. Gynoejum. E. Stipules. F. Floral - diagram

Inflorescence mainly a raceme or panicle; head or spike in many members of Mimosoideae.
Flowers bracteate bracteoldte in some, complete, hermaphrodite, pentamerots (tetramerous in
some), actmomorphnc or Zygomorphic, perigynous or hypogynous. Sepals 5, free or united, odd 173



one anterior, petals 5(rarely absent as in Saraca) or reduced in number as in Tamarindus, free
or united. Aestivation valvate or imbricate. In papilicnoideae, the posterior petal is the largest
and forms the standard (vezillum); the lateral pair constitutes wings (alae); the anterior pair
which is partly united- (or free in some), is the keel (carina). Stamens 10 or many, free or
diadelphous or monadelphous. Anthers dithecous, introrse and dehisce longltudmally (in some,
as in Cassia species, the dehiscene may be by terminal pores). Gynoecium monocarpellary
Gynophore present in some. Ovary unilocular; ovules 2 to many on marginal placentation. Fruit

a legume or lomentum; indehiscent in few (e.g., Dalbergw species). Seed nonedospermlc

" Pollination, in general, entomophilous, In Mimosoideae the inflorescence becomes attractive:
by exerted and variously coloured stamens. In Caesalpinioideae the flowers are large and showy.
In Papilionoidese different mechanisms occur for pollination by long tongued insects like bees.”
Flowers, in general, are showy by the presence of a large standard petal. The wing. petals act
as landing place for insects. The keel encloses the essential organs. Nectar is secreted at the
bases of stamens and accumulates around the ovary. On landing,the insects by their weight
cause the wings to be depressed As the wings and the keel, at their base, are connected by a
protruberance-and a depression, along with the wings the keel also is lowered. Lowering of the

- keel brings out the stigma and the anthers for effecting cross pollmatmn Since stigma is at a

174

higher level, it first receives the forelgn ‘pollen attached to the body of the insect. Afterwards

the pollen of the flower is dusted onio the body of the insect. In genera like Melilotus and

Trifolium, the stlgma and stamens return fo. the keel after the insect takes off from the flowers.

In such cases, the flowers are suitable for repeated w51ts§$ects In a few members, like -
ce

the species of Medicago, essential organs in the keel are kepgunger tension and explode at the
only one visit . In genera like

first visit of the insect. In such cases pollination taképpia ‘ . |
Lupinus and Lotus, pollen is deposited lnSldC atthet @ he keel. It is slowly squeezed out in

and Phaseolus, styles have hairs which help in s g out {like a brush) the pollen in small

small quantities by the piston-like action of the ynitedM#dments. In certain genera like Pisum
quantities from the lip of the kéel. In stz an%some other genera, in the absence of cross

pollination, self polhnatlon ‘takes place

Three subfamilies of Fabaceae aretstinguishable on the basis olfnthe following characters.'

S.No. Plant part - Mimosoideae = Caesalpinioideae Papilionoideae
1 Inﬂorescegee" . -Head or spike ~ Raceme (‘;; ‘Raceme
2. quwer"‘ - : '.Aet‘inomerphri‘c ‘ Zy‘gomorphje Zygbmorphic
o c [ (corolla”
o . ' -papilionaceous)
3 Petals, -~ . United, valvate  Free, ascendingly Free '(I.(eel' Wi.th
: CoE . imbricate - partial union)
_ descendingly
o ~~  imbricate
4 Stamens ‘Many, free or 10, free 10, diadelphous
' i ~ monadelphous (monadelphous -
' in some)

Economlcally the Fabaaceae is one of the most lmportant ‘families of anglosperms For
convenience, economically important members and common plants of the famlly, are presented
separately under the three subfamilies. = - . :



Check Your Progress - 1
What is the difference between the three subfamilies of Leguminosae in the aestivation of petals.
Note: (a) Write youi' answer in the space given below.

(b) Compare your answer with the one given. at-the end.

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

17.4. SUB-FAMILY MIMOSOIDEAE

Acacia nilotica (T: Tumma; H:Babul), Albizia lebeck (T:Dirisana; H: Siris), Xylia zylocarpe
{T:konda tangedu; H.Boja) and many others yield valuable timber. Fibres for making ropes, are

Fig..17.2. Cussia auriculata. A Twig. B:Flower. C. Stamens. D. Gynoecium. ET.S. of ovary. -F. Floral diagram- 175



cxtracted from the stems of Acacia leucophloea (T. Tella tumma H. safed babul) and A pmnata

. A.nilotica gives ’gum acacia’. The pods of A. concinna (T. Sikei) are used as a detergent.

Arils of Pithecolobium dulee (T. Seema’ chinta) aré edile. Wood of Acacia catechu. (T. kaachu;’

- H. Khair) yields ‘cutch’. Neptunia friguetra is a weed of pasture lands. Mimosa pudica (T:

Lajawatln H:Lajwanthi) is the sensitive plant. Dicrostachys cinerea (T: Velture; H.vartuli)is

.common on dry rocky lands. Prosopis spicigera (T: Jammi; H.Jhand) is occasional around

villages. P. juliflora (T: Seema or Sarkar tumma) is grown as a hedge plant around cultivated

. fields.. Albizia lebbeck and Semanea saman (T: Nidra gannefu) are planted as avenue trees. o

17.5. SUBFAMILY CAESALPINIOIDEAE

Tamarindus indica (T: Chlnta H: Imli) gives tamarmd from fruits. Hardwzckw binata (T:
Yepi; H. Anjan ) provides timber. Cassia auriculate (T: Tangedu; H. Tarwar) and many species
of Bauhinia like' B. msemosa (T: are; H: Gurial) and B, malabarice (T: Pulichinta, Pedda are;
H. Maljan) yields tannins from their bark. The leaves of B. vahlii (T: Adda; H. Amlosa) are‘
used for preparing ‘leaf-plates’. Haematoxylin, a stain used in m1croscopy, is extracted from the

- wood of Haematozylon campuchzanum.
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“Fig, 17.3. Tephrosia purpurea. A. Twig, B. Corolla. C. Androecium. D. Gynoecium. E.Floral diagram R



Cassia occidentalis (T; Cashchinta; H: Kasondi) and C.tore (T: Tantipu; H: Chakunda} '
are common herbs. Caesalpinia criste (T: Gatchkai; H: Kat Karanj) is a large, straggling shrub.
Deloniz elata (T: Sankesula) is a wild tree member. Peltophorum plevocarpum, sometimes, is -
planted as an avenue tree. Parkinsonic oculeate a large shrub with phyllodes and small leaf
lets, is occasionally grown as hedge plant. Bauhinie purpurea (T: Kanchanam; H: Khairwal),

B. variegata, Cuesalpinic pulcherimma, Cassia fistulla (T: Rela; H: Amaltas), . marginata,C. L
siamea, Deloniz regic and. Saraca indica (T: Asoka; H: Asok) are grown as ornamental trees. -

17.6. SUBFAMILY PAPILIONOIDEAE

Many members yield pulses. “They include Cicer arictinum (T: Sanaga; H: Chana), Cajanus
cajan (T: Kandi; H: Tuvvar), Phaseolous aureus (T: Pesara; ;H: Mung), P. mungo (T: Minumu;
H: Mash) and Pisum sativum (T: Batani ; H: Batana). The pods of Dolichos lablab (T : Chikkudu;
H . Sem), D.biflorus (T: ulavalu : H: Kalti), Vieia faba, V. sinensis, Cyamopsis tetragoneloba
(T: Goruchikkudu, Chevuldkaya, Godarikaya) and the flowers of Sesbania grandiflora (T: Avisa,

- Agisa) are edible. The seeds of Trigonella corniculata (T. Menthulu ; H: Menthi) are used
for flavouring. Crotalaria junea (T: Janumu), Phaseolus trilobus (T: Pillipesara). and many
" others are used as cattie feed and as green manure. Aruchis hypogea (T: Vérusanga, Nela
sanaga; H.Palli) is cultivated for its edible seeds which also yield oil. Indigo dye is.extracted -
from Indigofera tincioria- (T and H: Neeli). Many frees like Dalbergia latifolia (T Jittegi; H:
Shisham), D. sissoo (H.Sissu), Pterocarpus marsupium (T: Peddegi; H: Bijasal) and :P.santalinus
(T: Raktha or yerra chandanum).yield valuable timber. The wood of Aeschynomene aspere (T.
Jilugu ; H: Sola) is light and is used for making sholah% fishing floats.- The leaves of Butea
monasperma (T: Modugu; H: palas) are made into ‘lea es’. Its flowers yield a red dye-used
in textile industry. ‘ : ' . ' B .
Several herbs liks Crotalarie biferia, e hirsuta, C. linifolia, C:calyciﬁa, C.verrucosa,
Indigofera hinnaei, I. glandulose, L irg olia%??phmsm hirta, T.procumbens, T.purpurea -angd
Alysicarpus rugosus are common i dhr} Pradesh. Pongamia pinnata (T: Kanaga ; H B
Karanj) is 4 tree member. Abrus progtorius (T:Gurivinja ; H Gunchi) and Clitoria ternata
(T: Sankupulu; H : Khagin) imbers. Erythring variegate and E. indice (T: Baditha; H:
Pangra) are ornamental trees. : et :

. Check Your Progress - 2
List out the pulse yielding plants of papilionoideac.

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

(b) Compare your answerhwi'th the 'Ollf.: giyen at the end. -

17.7. DISTINGUISHING CHARACTERS AND FLORAL FORMULAE
17.7.1. Fabacehe A PR
a) Elow__crs either -pc.ri ~:“u;_r, E;wpogynous -

b) Gynoecium méhbca'rpéiléiy, .

TR



) Ovary unilocutar. .
d) - Ovules on marginal placentation.
e) Fruit alegume or lomentum.

17.7.2. Mimosoideae

a) Inflorescence a head or spike.

b) Flowers actinomorphic.

¢) Petals united, valvate. .

d) Syamens numerous; filaments free or united.

Floral Formula

Br, Bl or Ebirl,’eb, &, K@) or (5), C (4) or (5), A 10'0; o or-( o), GL

. 1773, :.Chesalpin.ioide'ae“ - | .
o ‘a) Flowers zygomorphic. ‘

b) Petals free, asgendinély imbricate.

¢) Stamens 10, free. ‘ -
Floral Formula o ) 0
. B, Brl or Ebrl, %,8, K 5,C5, A 10, GL O
| 17.7.4. Papilionoideae - . ?* .
‘ " a) Flowers zygomorphic - ) Q‘ '
b) Corolla papilionaceous, Q
) Petals descendingly imbrica
d) Stamens 10, usually diadelphous
Floral Formula

B, Brl or Ebrl, %, 8, K(5), C(2) +2+1, A(9) +1 or (10), Gl

17 8. SUMMARY

The Fabaceae isalarge cosmopolltanfamllycornpnsmg three subfamities, viz. Mlmosmdeac,

_ Caesalpinioideae and Papilionoideae. The family on the whole is charactenzed by compound
leaves, bisexual flowers with ten to many stamens, monocarpellary and unilocular ovary with
ovules on marginal placentation.- The fruit in Fabceae is usually a legume. Abacia, Albizzia,
Cassia, Crotalarie and Tamanndus are some of the comrnonly encountered members of t}us

fam:ly

- 17.9. CHECK YOUR PROGRESS  MODEL AN SWERS

g Thc aestlvatlon of petals is valvate in Mlmosmdeac whercas lt is ascendingly imbricate in - '

, Cacsalpmloldeae & descendingly 1mbncate in Paplhonmdcae ‘

| 2. 'The pulse yielding plants of paplllonmdcae are: a) C'zcer artetmum (b) Cajtmus cajan (c)

178 Phaseolus aurees (d) P, munyo and {e) Pisum sativum."



17.10. ' MODEL EXAMINATION QUESTIONS

1. Answer the followaing qﬁesﬁons in about 30 lines each.

L
2.

LS

Compare and contrast the 3 subfamilies of Fabaceae.

Write- about the taxonomic characters and economic importance of Papilionoideae.

II. Answer thé'!’ollowing questions in about 10 lines each.

. L

Write about the economic importance of the family Mimosoideae.

. Give an account of the economic importance of the family Caesalpinioideae.
: ‘ . - ,

2
3.
4
3

Write briefly about the economic importance of the family Papilioniodeac.
Write botanical names of 10 important members of Papilionoideae.

Give an account of the pollination mechanism in Papiiionoideae.

v
>
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UN‘IT-IS APIACEAE . Division - : Dicotyledons ,
s _Sub-division.  : Polypetalae
(UMBELLIFERAE) Class = : Calycifiorae
. Order- . : Umbellales
Eamrly : Apiaceae

Contents
18.1. Objectives
18.2. Introduction. - , ‘ o
" 18.3. Taxonomic Characters and Economrc Importance B
184. Floral Formula L I
18.5. -Drstmgulshmg C?raracters
186. Summary '
18.7. - Check Your Progress Model Answers
18.8. Model Examination Questions. -

18.1. OBJECTIVES - . -\

By the end of this unit you will be able to: - -~ ™
1. - describe the various taxonomic charar‘;(ters of t@mbers of this family, -

list out the important genera,

i

3. describe the economic importanceQf shis, family, and
i | ‘

listout thedistinguishing-cha@. M

18.2. INTRODUCTION

The name ‘Apzaceae is alternatwe to ‘ Umbelliferae. The Aplaceae though wrdely distributed
throughout the world is abundant in north tempcrate zone. There are about 275 genera and
- 2,850 specres

18.3. TAXONOMIC CHARACTERS AND ECONOMI(" IMPORATANCE

Plants mostly herbs; aromatlc due tb the presence of essential oil of resin. Stems fistuiar. -
Leaves pinnately compound or blcompound ‘but srmple in Centelle, Hydmcotyle and Bupleumm..
Leaf-base is sheathmg ,

Inflorescence a compound umbel Some genera like Hydrocotyle and Bupleumm possess

simple umbels. Flowers small, hermaphrodlre actinomorphic, pentamerous, -epigynous. In-

Coriandrum, peripheral flowers of the umble show zygomorphy. An epigynous, brlobed disc is
present. Calyx tube adnate to the ovary; teeth 5, small, sometimes absent. Petals 5, free, often
bifid {sometimes unequal as in peripheral flowers of Coriandrum). Stamens 5, free, alternate
with petals. Anthers basi-or dorsi fixed, dithecous, introrse; their dehisceénce longitudinat- Ovary:
inferior, bilocular with a single pendulous anatropous ovule i in each loculus on axile placentatron

- Styles 2, often dilated at the base. into stylopods. Stigmas capitate. Fruit a cremocarp. the two

_indehiscent mericarps are attached to a forked axis called carpophore. Each mericarp has five
longltudmal ridges (costae or jugae). ‘In between the ridges, furrows (vaileculae) are present.
The pericarp is traversed by 011 ducts (Vlttae) Seed endosperrmc Endosperm camlagmous and‘

180 oily. | : _‘ - B )



Pollination entomophilous. Self-pollination is prevented by protandry. The epigynous disc
secretes nectar which is easily available even to the short-tongued insects. Though small,the
 flowers are made conspicuous by aggregation into umbels. Cross pollination takes place while
the insects crawl over the flowers in search of nectar. : ‘

B

~Fig. 18.1 Coriandrum ativum A. Twig. B. Lower leaf’C. Flower D. Corolla B
L.S. of Gynoecium. E.T.S. of ovary G. Gynoecium. H. Fruit 1. Floral diagram’ T

Economically, the Apiaceae is of great impoftance. “Angelica oil’ is extracted from, Aﬂg}é?ica '
. archangelica and is-used in confectionery.. Dried latex from the roots of Ferula asafoetida is

- asafoetida (T:Inguva; H: Heeng).. Centella asiatice (T, Sajr'aswajghi Algl:; H: Brahma mandulu,
Brahmi), commonly found along the rice fields and bunds of irrigation channels, has qonSiderable
. medicinal value. The fruits of Carumecarvi (T: Vamu) are used for stomaache. Fruits of Cuminum

cyminum (T: Jilakarra), Coriandrum sativum (T: Dhaniyalu, Kottimera) and Foeniculum vulgare 181 -
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“(T. Sompuy} are used as condiments, Leaves of Apium graveolens and tap roots of Daucus carota

(T Gajara gadda; E carrot) are used as vegetables,

o

Spec1es like Hydmcotyle mtundzfolm, Pampmella heyneana, P. monoica and peucedanum
dhana are occasronal in forests of Andhra Pradesh.

Check Your Progress'1 & 2
1. What is the type of fruit we find in Apiaceae ? .

2. Name 2 eeonomieally"’imporrant plan'ts & mention their use.

Note: (a) Write the answers.in the space gwen below.

(b) Compare your answers with the grven at the endof this unit.

..........................................................................................
I L R R R L R I e L R L R R R L R E e i R

R R L L L T T T N R R T

_ — ¥
Br, Ebrl, @ or %, §KS, €5, (;(z)Q‘

18.5. DISTINGUISHING C ACTERS

(a) Plants usually aromatlc herbs
(b) Stem fistular - ‘
(c) Leaf-base sheathing"f
' (d.) Inflorescence a compound ora srmple umbel

- (&) Flowers pentamerous hermaphrodrte aetmomorpluc and ep1gynous witha disc at the
’ .top_of the ovary

{f) Style -bases dllated into stylopods
(g) Fruita cremoearp w1th characteristic ndges furrows and oil- duets

(_h) The two ‘merlcarps suspended l;y a fo.rlcedl carpophore.

186. SUMMARY '

, The Apmceae Wlth mostly herbaceous members shows aromatic plant parts, srmple or
compound leaves umbel mﬂoreseence eplgynous ﬂowers and cremocarpic frults 3

, Conandrum satwum and Drmcua carota are the eommonly encountered members of rhrs
family. . :



18.7. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The type of fruit we find in Apiaceae is cremocarp.
2. (a) Angelica oil which is extracted from Angelica archangelica is used in confectioners

(b) Asafoetida (Inguva)ls extracted from the latex obtained from thc roots of Ferula
as afoeitda and is medicinally important.

18.8. MODEL EXAMINATION QUESTIONS

I. Answer the following question in about 30 lines.

1 ‘Write breifly about the general characters and economic lmportance of the family
Apiaceae. .

II. Answer the following guestions in about 10 lines each.
1. Write the economic importance of this family.

2. 'What are the distingnishing characters of Apiaceae ?

\s
>
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- UNIT-19 : RUBIACEAE e ‘Division " - ’ Di‘cty'ledons__-

.Sub-Division : Polypetalae ™
Class™ - “#: 'Inferae
Order ;" Rubiales
Family : Rubiaccae
Contents - - ‘ _ _ !
19.1. _Objectives
- 19.2. Introductlon _ ‘
193 'Taxonormc Characters and Economlc Importance -
19.4. - Floral Formula S
" 19.5. Distinguishing Characteljs -
19.6. Summary S o
19.7. Check Your Progress Model Answers
- 19.8° Model Exammatmns Questions
19.1. OBJECTIVES o P
By the end of this unit you will be able to: _ \)

describe the various taxonomic characters of mbers of this family, .

1.

. 2. list out the important genera, - ?
3. describe the economic imp'ortano@- mily and
4

18

' list out the distinguishingr chaggcter :
-19.2. INTRODUCTION % o

The Rubiaceae, commonly known as the madder famlly, includes about 500 genera and
6,000 species which are mostl)r tropical. :

19 3. TAXONOMIC CHARACTERS AND EEONOMIC IMPORTAN CE

~ Members mostly trecs,some of them herbs or shrubs._Leaves simple, opp031te decussate
(sometimes whorled as in species of Rubia), entire, stipulate. Stipules usualy interpetiolar.

Inflorescence cymose ‘In species of Anthocephalus, Adine, Milragyna and othets,'it is

< condensed into head. Flowers actinomorphic, hermaphrodite,tetra-or penta merous, epigynous.

Sepals 4 or 5, united, valvate; calyx-tube adnate to ovary, petais 4 or 5, united. Aestlvatlon
valvate, tvwsted or imbricate. Stamens 4 or 5, epipetalous; anthers dithecous, introrsé, their
dehiscence longitudinal. Carpels 2, united. Ovary inferior, bilocular (in Gardenia unilocular). .
Disc epigynous.Ovules. 1 to many in €ach locule on axile (parietal i in G'a.rdema) Placentation.
Style simple; stigma bifid or capltate Fl'lllt a capsule (e g Oldenlandm) or berty (e.g. . Coffea).
Seeds endospermlc '

Pollmatlon entomophilous. Nectar is secreted by the epigynous dtsc Se]f- pollination is
prevented by etther protandry or heterostyly. :

Economtcally, the Rubiaceae. is of considerable importance.” Members Inke Anthocephalus

‘cadamba (T: Kadamba ; H: Kadam), Adina condifolia (T: Bandaru; H: Haldu), Mitragyna
4 - parvifolia (T Battganam) and Gardema Itmfolm prOVlde tlmber Seeds of Coﬂea arabicg and



allied species vield coffee. Quinine {an atkaioid used in controlling malaria) is extracted from
the bark of Cinchona officinalis. A spirit is distilled from the flowers of Anthocephalus cadamba.
Yellow dye is extracted from the bark of Morinda angustifolia. :

Oldenlandia corymbosa, O. umbellato, O. dichotoma, 0. diffuse and B}eria -.a,rticula.n's
are common herbs. Canthium parviflorum (T: Balusu) and Rendia dumetorum (T; Manga)
are shrubs .of dry rocky areas. Morinda tinctoria (T; Togaru mogiii} and Teora parvifiora
(T: Korivi) are common in Andhra Pradesh forests. Mussaenda frondosa,‘ Izovae coccinea, I
arborea Gardenia jasminoides, Pentus lanceolata and many others are gro&n'as ornamentals.

?;f?-

Fig. 19.1. Oldenlandia umbcllats A. Twig b. Flower c. Ls. of flower
with long styls. D. 1..8. of flower with short style. E. Floral diagram.

Check Your Progress 1 & 2

1. The self pollination in Rubiaceae is prevenied by

2. Quinine is extracted from

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

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

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



194. FLORAL FORMULA | - RN

_ Br, Bbrl, @, § , K(4-5), C(45) A 4 o1.5, G(2)

19.5. DISTINGUISHING CHARACTERS _

- (a) Lea#qsbpposite dgcussate. ' | _

(b) Stipules usually interpetiolar. :

(¢) Flowers actinomorphic, hermaphrodite, tertra-or'penté-merous and epigynous.
“(d) Gynoecium'bicarpcllaty and syncarpous. - o j ‘

(¢) Ovary bilocular with 1to many ovules on axile placentation.

' 19.6. - SUMMARY

The Rubiaceae shows interpetioldr stipules and regular, epigynous flowers. 'The family is of
considerable economic importance in the possession of plants yielding commerc}'al timber,coffee
and quinine, ' C s .

Izors, Mussaenda, Coffee and Cinchona are some bw: important membe?'s of this family.
v N M ‘ . .

19.7. CHECK YOUR PROGRESS : M(@Q(SWERS .

|
1. Protandry or heterostyly

2. Bark of Cinchone officinalis. ?\
.-' ‘I‘ ) " A B
198. MODEL EXAMINATION@DESTIONS

g

I. Answer the following _ques@ about 30 lines. -

1. Give the distinguishing characters of Rubiaceae with a note on its economically
important plants. ' e

IL Answer the following questions in about 10 lines each.
1. Write about the economic importance of Rubiaceae. 7

2. List out the distinguishing characters of Rubiaceae. |
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UNIT-20 : ASTERACEAE Division : Dicotyledons
Sub-Division : Gamopetalae
(COMPOSITAE) Class . Inferae .

Order "t Asterales

- Family - : Asteraceae

Contents
20; 1. Objectives
20.2. Introduction
203. Taxonomic Characters and Economic AImplortance'
204. Floral Formula '
20.5: Distinguishing Characters
20.6. Summary -
20.7. ~Check Your Progress: Model Answers
-20.8. Model Examination Questions.

20.1. OBJECTIVES -~ .

‘By the end of this unit you will be able tor 0
- describe the various taxonomic characters of tl@ﬂ:ers of this family, -
list out the 1mportant genera ' ' :

descnbe the economic importance of :EE): %sy and

oW N o=

list out the distinguishing characte

20.2. INTR(_)DUCTION'

The name ‘Asteraceae’ is alternative to ‘Compositae’ which is commonly known as ‘sunflower
family’. The Asteraceae is the second largent family of angiosperms, with-about 900 genera and
13,000 species representing more than ten per cent of the :ﬂowerigg"plants. The members occur
throughout the world, though a majority-are confined to temperate zones. -

20.3. TAXONOMIC CHARACTERS AND ECONOMIC IMPORTANCE

Plants mostly herbs. Helianthus tuberosus has rhizomatous stems, while tuberous roots
in species of Dahlie. In some members like Cichorium, Crepis and Laciuca, latex is present.
Leaves usually alternate, rarely opposite as in Ageratum or Helianthus, or whorled as in some
species of Eupatorium, simple or rarely compound, exstlpulate

Inﬂorescence a homo-or hetero-gamous head, subtended by an mvolucrc of bracts.. In
Echinops and few others , the number of flowers in a head , is reduced to one and a number
- of heads are aggregated into a single inflorescence (in which case,it can be called a compound
head). Flowers much reduced and referred to as florets. In general,two types of florets can be
recognised,the outer ray or ligulate florets and the inner disc florets. Calyx in both reduced
to a ring {two in some) of hairs called pappus, or scales, or absent. Corolla ligulate in ray
florets and tubular in disc florets. Androecium absent in ray florets.. In disc florets stamens 5,
epipetalous, syngenesious. Anthers dithecous, introrse, connective usnally prolonged; dehiscence
“longitudinal. Gynoecium, in both types, bicarpellary syncarpous; ovary inferior, unilocular. with a
single anatropous ovule on basal placentation; style simple; stigma bifid. Fruit a cypsela crowned
by persistent pappus which helps in dispersal (acting like a parachute). Seed non-edospermir



.J-

Pollmatron cntomophllous. Though . ﬂowers are - small they. are made. consprcuous by
aggregat]on into heads. Presence of ray florets further enhances attraction. Nectar is secteted at.
. the base and collects inside the corolia tube. A single visit of insect may pollinate|a large number -
of florets in the. inflorescence. Sclf-pollmatlon prevented by protandry If cross-pollmatlon falls,
self -pollmatlon i3 achjcved by recumng stagmas . :

- A .
Fig 20.1. Tridaz procumbem. A Twng B. L.S, of inflorescene. . Ray ﬂoret D. Disc ﬂorct E.
'L.S of dlsc ﬂoret. F Androeclum ‘G, FlOl'al diagram of disc fleret. H Floral diagram of ray ﬂoret

A . : . . ] I
Economlcal]y the Aatemceae is lmportant though the rmportance is niot propornonai 10 -
the size of the family. Lactuce sative is cultivated as a salad crop. Helionthds tuberosus gives .

edible tubers. 'The roots of Chicorium intybus vield chrcory Ol is cxtractedfr the seeds of
" Carthamus dinctorius (T: Kusuma) and Helianthus ennus {T: Saryakantham, Pl‘oddutlrugudu)
Species: of Chryaanthcmum like ‘C. .cocciniewin ‘and C. cinerariaefoliuin’ yield" ihe ‘insecticide’
pyrethrism. Artemisia absinthisisn is used as‘d tonic. Seeds of Vernonid anthelmintica havc'j -
_.anthelminthic properties. The juice of Felipla albs (T Guntagalajara, H* Bhangra) mth a pmch' ,

188 of salt, is effectrvc agamst scorpion- sting.




A large number of plants occur as weeds. They include Vernonia cineres, Ageratum

. _conyzmdes, @lumea wightiana, Blainvillaea rhamboiden, Glossocardia bosm”ea, Tridaz procum-
bens, Emikia sonchifolia and Echinops echinatus. Caesulia gzillaris occurs.in marshes. A large
number of species of different genera are cultivated as ornamentals.. They include’ Helianthus
annus, Tagetus erecta (T: Banthi), Dahlie pinnata, Chryaanthemum carinatum, C. coronarium,
. C. Cinerarigefolium (T: Chamanthi), Cosmos bzpmnatus, mea elegans, Gaillardie pulchella.,'

- Calendula oﬁicmahs and Aster gmndzﬂorus o oo . - )

Many_b(o.nomists consider the Asteraceae as highly advanced among dicotyledons. Presence
of a large number of species, cosmopolitan distribution, preponderance of herbaceous habit,
head inflorescence; epigynous flowers, syngenesious stamens,dispersal mechanism with persistent -
pappus, admirable adaptablllty for cross-pollination by insects and ability for self-pollmat:on when
o cross-pollmatlon fails,are all characters that mdlcate the advanced nature of the famlly ‘

Check Your Progress 1, 2,& 3

1. Name two oil -‘yielding plants of Asteraeceae.
2. The plant which is grown as a salad crop is

3 The: calyx in ﬂowers of Asteraceac is usually reduced to

_ Note: (a) Write the Vanswers in tl_le space given_bm_ . H
B " (b) Compare your. answers with those gizén atHe end

.....v...-.---............-............6 ...........  rara sl et ererAhbrieBase e mwn

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

204. FLORAL FORM&

i 'Ray floret; Br, Ebrl«%;?:{ :K'(oé) C.('3+2) G(2 )

2 Dlsc ﬂoret Br, Ebrl EB,?_: Ki{x),C (5) A (5) G(2)

' 20 5. DISTINGUISHING CHARACTERS OF THE FAMILY

Plants mostly hcrbaceous

o

Inﬂo_rescence a homo-or hetero-gamous head w1th an mvolucre of bracts.-
‘Flowers épigynous. '

Calyx reduced to hairs o1 séalcs, or absen't. ‘

Corolla either tubular or ligﬁlaté. ; -

Stamens sryngencsiouls‘ ‘

Ovary unilocular, with a single basal ovule

Fruit a cypse!a usually crowned by permstent pappus

I N - Y

- Seed&. noncndospermac. o
S Spermic 189,



- 20,6. SUMMARY

The predominently herbaceous Asteraoeae is the second largest famlly of Amglospcrms
. The family is characterized by hom-or heterogamous heads of inflorescence eplgynous flowers ,
syngenesious stamens and umlocular ovary with a single basal ovule.

 Helianthus, Tagetus, Chrysanthemum, Aster, Zinnie and Tn_daz are some of the C(_)mmonly
encountered members of this family:

20. 7 CHECK YOUR PROGRESS MODEL ANSWERS

- (@) Carthamus tinctorius and (b) Helsanthus ennus
2. Lactuca sativa ‘

3. hairs called pappus.

20.8. MODEL EXAMINATION' QUESTIONS S

"L Answer the follomng question in about 30 lines. . , C ;

1. Give a detalled account of the floral structure of thc family Asteraceac Add a note

on the po]lmatlon mechanism. ) 0

IL. Answer the following questions in about 10 _linml.

1. Write about the economic importanqe of thy ily Asteraceae. ‘i

2. . Give an account of the economicg‘ p<¥|:e of this family. ' o i
% ) S |
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UNIT-21: ASCLEPIADACEAE ~ Diion  : Dicosedons -

‘Sub-Division : Gamopetalae

Class : Bicarpellatae
Order : Gentianales

Family ' : Asclepladaceae

Contents
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21.1. OBJECTIVES o \\

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

describe the various taxonomic char?gof the members of this family,

1

2. list out the important genera, _ .
3. describe the -ccon'omic_im ta% this family and - ' _ f
4. list out the distiﬁguishin;%cters. ' '

21.2. INTRODUCTION

Asclepiadaceae is a moderately sized family. It consists of about 175 genera and 2200'
species, The plants are mostly confined to tropics and subtropics.

Plants .are either herbs (e.g. Asclepias) or shrubs (e.g. - Calotropis) or climbers (e'g
Pergularia and Tylophom) They contam latex in branched laticiferous tubes. Vascular bundles
are bicollateral. #

21.3. TAXONOMIC CHARACTERS AND ECONOMIC IMPORTAN CE

Leaves opposite decussate, exstlpulte or w1th ‘minute stlpules entlre In some llkc Sar-
costemma leaves are absent.

InﬂoreSc;ence cymose. Umbellate in- plants like Asclepias and Calotropis. Flowers
.actinomorphic, hermaphrodite,pentamerous ‘and hypogynous. . Sepals 5, united, quincuncial.
Petals 5, united, valvate or twisted. Corona of hairs may be present at the mouth of coralla tube. -
Stamens 5, epipetalous. Staminal corona (of 5 lobes) usually present. Filaments free in united.
Anthers appressed against or adnate to stigma. Pollen in tetrads or in pollinia. Translators
present; either spoon shaped or ) shaped. Gynoecium bicarpellary, syncarpous. Qvaries 2,
unilocular. Ovules many, anatropous marginal, Styles 2, simple. stigma 1, enlarged.. 5 sided with
anthers adhering to the sides forming the compound. gynosteglum Fruit-is-a palr of folhcles
Seeds endospermic, usually with a tuft of hairs. . 1 91



© The tamily is divided into two subfamilies as follows: i
* 1.. Periplocoideae: Pollen_in_tetfads; translo,t'o"r _spfoon shaped and provided wilkh adhesive -
disc. e.g. Hemidesmu and Cryplosiegia. ' R ‘

2. - Cynanchoideae: Polllenihpollixiia; translator “A ’ shaped and provided.with cc%)rpusculum .
(disc) and retinacula (stalks).e.g. Asclepias and Calotropis. A :

__Polliﬁation is, éntomophilous. The mechanism is highly advanced. Removal (!)f pollen is
by translators which are present in androecium. In Periplocoideae the pollen is shed into the
spoon- shaped translator which has a basal sticky disc. Nectar secreted by glandul@r corona,

™

"~ Fig ' 211 Calotrapis gigontea. A. Twing. B. Flower, C A"part\\ of cdron_a D. Translator with
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Y

collects at the base of corolla tube. The entire translator which gets attached to the head of the
insects by the sticty disc, is carried away from the flower. The pollen is deposited on the stigmatic
surface when the insect visits another flower. In Cynanchoideae, the pollen is aggregated into
waxy masses called pollinia. Pollinia are extended into thread- like structures called retinacula.
Retinacula of adjoining anthers unite into a disc catled corpusculum. When the insect visits a-
flower and probes for nectar,-its legs or proboscis came in between retinacula. As the insect
flies off from the flower, the entire translator (with two pollinia) is lifted out of the flower.
Retinacula being hygroscopic on exposure, cross or twist around the legs or proboscis.- Thus the
translator firmly adheres to the body of the insect. The pollinia are deposited on the stigmatic
surface when the insect visits another flower. ‘ o

Economicaily, the family is of limited importance. Later from Cryptostegia grandiflora
_is a source of rubber. Tubers of Ceropegia pusilla and flowers of Holostemma annulare are .
edible. Fibres are extracted from Leptadenia reticuleta (T: palatiga; H: Dori) and species of -
Calotropis. Roots and leaves of Tylophota indica are used in treating asthma. Dried roots
of Hemidesmus indicus (T: Sugandhipatu; H: Anantamul) are useful as blood purifier. Latex
from Calotropis procer and C.gigantea (T: Jilledu; H: Akand) is used in tanning hides. Hairs
from seeds of many members, are useful as insulating material. Calotropss gigantee and C.
procera are common shrubs. Tylophora indica, Leptadenia reticulate and pergularia daemia are
' climbers occurring frequently on hedges. Ceralluma attenuata, C. diffuse and C. umbellaie are
- succulents of dry, rocky areas. Plants like Cryptostegia grendiflora, Ceropegia woodii, stapelia
gigantea and Asclepias curassavica aré grown as ornamentals. : o

Chieck Your Progress - 1,2, & 3 | ' 0
1. Whatis a gyhostegium? : ' '

2. The rubber yielding plant of Asclepidacg:aé i

3. What are pollinia

Note: (a) Write the answers in the %&iv&n below.. . -
-(b) Compare"your ans ith those given at the end.’

............................. f..--..........-.-...........--...-......-..'......-;.,...-.

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

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

e R R R R R R R R R R L R R I AL Il

21.4. FLORAL FORMULA

Br, Bil or Ebrl, @, 3.K (5), C (5). A(5), G(2).

'21.5. DISTINGUISHING CHARACTERS OF THE FAMILY

Plants with latex.
Leaves opposite decussate. , .
F!oweré actinomorphic, hexmétphrodite, pentamerous,hypogynous.

Staminal corona.

=

Transtators prasent in androecium.
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6. Oviries and styles 2 but stigma one.- -
7. Fruit is a pair of follicles. .~
8. Seeds with a tuft of hairs.

21.6. SUMMARY )

The Asclepzadaceae is charactensed by the possession of latex, opp031te decussate leaves
rregular hypogynous flowers w1th stammal corona and gynosteglum The fru1t is of the nature o
of a pair of follicles. :

‘ C'alotmpz‘s and Leptadenia are the cemnionly encountered members of this family.

217, CHECK YOUR PROGRESS: MODEL ANSWERS

' 1 The ﬁve sided. enlarged stlgma w1th anthers adhermg to'it form a compound structurel. |
’ called gynosteglum . o o

2. Cryptostegaa gmndzﬂom

3 In the sub family cynancoideae the pollen is'aggregated into Waxy masses called pollinia.

21 8 MODEL EXAMINATION QUESTION{ \

" L Answer the follomng question in about 30 h

1. Write about the fioral structure and ?ﬂllc 1mportance of the famnly Asclep1adaceae
IL Answer the following qilestiotls i 10 lines each. - - ‘

1.' Write briefly about the @5&01‘1 mechanism - in Asclepiadaeeae.‘

2 Write bneﬂy about the €cofiomic 1mportance of this fanuly

3 What are the distinguishing characters of Asclep1aclaceae
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UNIT-22 : SOLANACEAE O on | Omeaedons

Class . : Bicarpellatae
Order : Polemomiales
Family ~: Solanaceae

Contents

22.1. Objectives

222, Introduction

22.3. Taxonomic Characters and Economic importance
22.4. Floral Formula '

225. Distinguishing Characters.-

22.6. Summary '

22.7. Check Your Progress: Model Answers ‘

22.8. " Model Examination Questions -

22.1. OBJECTIVES

By the end of this unit you will be able to:
1. describe the various taxonomic characters o@uembers of this family,

list out the important genera,

2.
3. describe the economic importance of t&?mlly,and
4. Q‘

list out the distinguishing charac

222, INTRODUCTION

v

The Solanaceae (conimonly called ‘Potary’, ‘brinjal’ or ‘nightshade’ family) is a moderately
sized family with about 90 genera and 2,20 species which are distributed in tropical and
temperate regions .

22.3. TAXONOMIC CHARACTERS AND ECONOMIC IMPORTANCE

Plants are herbs or shrubs (very rarely small trees). In Solanum fuberdsum (potato) stem
tubers are present Vascular bundles are blcolldteral I_eaves simple, alternate exstlpulate entire
or lobed.

Inflorescence cymose, terminal or axillary,' -sot'netiines extraxillary. Flower solitary in Datura.
Flowers usually actionomorphic, hermaphrodite, pentamerous, hypogynous. Sepals 5, united,
usually persistent and enlarged in fruit. Petals 5, united, often plaited. In Schizenthus corolla
is zygomorphic and bilabiate. Stamens 5, epipetalous. Filaments usunally unequal. Anthers
introrse, dithecous, sometimes connivent as in species of Solanum. Dehiscence longitudinal or
by apical pore. Disc hypogynous. Gynoecmm bicarpellary, syncarpous; carpels obliquély placed.
Ovary superior, bilocular (in some, more than 2-loculed by false septa). Ovules usually many
(few in’ Cestrum), anatropous, on axile placentaiion. Style simple. Stigma bllobed Fruit a berry
(eg. Salanum) Seeds endospermrc ~

Poilmatlon is entomophlious Nectar is. secreted by the hypogynous disc. In Solonum
tuberosum, probably,self pollination occurs. The style curves back and makes the stlgmatlc lobes
touch the anthers. -
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. Economically the family-is very important. Fruits of Capsicum ennwvm and, C. frutescens (T:
Mirapa; H. Mirchi) are used as condiment. Tubers of Solenum tuberosum (T & H; Alu; E: Potato)
"and fruits of 5. melangena (T: Variga, Vankaya; H: Baingun) and Lycopersicon esculentum (E:
Tomato) are important vegetables. Berriés of Physalis peruviane (E. Raspberry, Jare edible. A
‘number of plants have medicinal value. Roots of Atropa belladonna (E: Belladonna) yield the
-alkaloid atropine which is used in controlling muscular spasms. Leaves of Nicotiana tabacum (T .
Pogak) contain the alkaloid nicotine and are used in manufacturing cigars, cigarettes, snuff etc. .
Roots of Withania. somnifera (T: Pennerugadda; H: Asgandh) are used as-nervink tonic. Leaves -
~ of the Dature stramonium yield the alkaloid daturin used in treating spasms and parkinsonism, =~

 Fig. 22.1. Solanum surratiense. A. Twig, B. Flower. C. Stamens
- D. Gynoecium. E. LS of ovary F. Fruit. G, Floral diagram. ' -

Solanum surattense (T: Jidduvasti), S. nigrum. (T Kamanchi), Dalure innezie, D. metel .
- (T: Ummetta; H: Dhatura) and' Physalis minime (T: Kuppanti) are common weeds. Solanum.
. jasminoides, Petunia hybrids, P. violacea, Bruhfelsia americana, Nicotionas alata, Cestrum’ |
~ nocturnum (T. Rerani; H: Rath ki Rani) and C. divrnum (H: Din ka Raja) are coramonly: -
196 cul_tivatedasdmamentals. L ST . , IR



Check Your Progress 1,2&3
1. Name 2 genera whose frults are used as avegctables
2. _The leavesof .............. '..... is used in the manufacturmg of c:garettes

3.. The alkaloid whjch is used in treating parkmsomsm is obtained from ........ i .

Note: (a) ertt the answers in the spaoe glven below.
(b) Compare your answets with those. glvcn at the end

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

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

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

e e e e R T R R R R R R R R R R L E LI A

22.4, FLORAL FORMULA
§ K(S) C(5),AS5, ()
225 DISTINGUISHING FEATURES OF THE FAMILY

Vascular bundes blcollateral 0
Leaves alternate, exstipulate, .

Flowers hermaphrodlte pcntamerou@zgynous
‘Hypogynous disc. - ?\

Gynoecmm bicarpellary, . olls, carpels oblique

22.6.. SUMMARY , ()‘

CI P N'.H

_ The Solanaceae, aneconoley important family possesses simplc'leaves; régular, hypogynous
flowers and bicarpellary, syncarpous ovary with many ovules on axile plaoentation ,

Various species of Solwnum, Capszcum, Lgcoperszcn and Dalure are the more commonly
emountered members of this family.

_ 22 7. CHECK YOUR PROGRESS MODEL AN SWERS

1 (a) Sola'n.um melangena (b) Lycopersrcan esculemum

2. Nicotlicna tabacum '

3. Dature stmmonmm

22.8. MODEL EXAMINATION QUFS’I‘IONS

L Answer the l’ollowmg question in about 3{! lmes

L erte about the taxonomic characters and economlc 1mportance of Solanaceac
- IL. Answer the_fo_ll_owing qnestions in abour. 19 !inn_as each.
1'. Give ian at:count of the economic impor.tance of Solanaceae. 7:

2 Writ;f:’bric::f\!ﬁr about the ﬂoral-characters of Solanac_eaé. _
T ‘ 197



UNIT_23 LAMI ACE AE : Div‘si'on o H DicotQIEdons' ;
R Sub-Division  : Gamopetalae
(LABIATAE) _ Class .~ . : Bicarpellatae
L . Order : Lamiales
Family ~: Lamiaceae

Contents _
231, Objectives
© 23.2. Introduction
'23.3. _ Taxonomu: Characters and Economlc Importance.
234. Floral Formula : _
235 Distinguishing Char‘actcrs
. 23.6._ Summary . _
" 23.7. Check Your Progress:. Model Answcrs
- 23.8. Model Examination Questions

23.1. OBJECTIVES - _

By the end.of this unit y01_1' will be able to: - _ \)
1.. describe the Vaﬁ'o‘us taxonomic charactcts of t@mbers,
2. list out the .iinportant:gcncra, :

3. describe the economic importance §f shis a:nily and

4, llSt out the d1stngu1shmg cha@s

232, INTRODUCTION Yo

5 Lamiaceae is a largc family of about_ 200 genera and 3200 spcmcs and cosmopohtan in
d1str1but10n but chleﬂy conﬁncd to the medlterranean reglons P Cn C T

233, TAXONOMIC CHARACTERS AND ECONOMIC IMPORTANCE

Mostly herbs (Leucas, Lavenduls, Ocimum), undershrubs (Salvia), rarely small trees
(Meriandra bengalensis). Some are marsh plants (Mentha and Lycopus). Scultellaria (Llanous :
type) and Stenogyne are chmbmg plants. Rosmamn'as is a xerophytic shrub Plants. usually w:th :
‘aromatic oi glands _ , , '

Stems quadrangular Ix:aves snnple exstlpulate opposite decussate, in some whorled
(Ocimum). Aromatic oil glands are present Lcaf margm entire, lobed or dissected (Salma)
surface hairy. Stomata dlacytlc . . ,

- Inflorescence usually a verticillaster:or in some thymus (Oczmum baszhcum), rarely solltary ‘
(Scutellaria). Sometlmcs a condenscd cymose head (Le'ucas) L

. " Flowers mostly zygomorphlc hypogynous and pentamerous -

Scpals five , united, campanulatae tubular or b1lab1ate (Salma, Thymus) persxstent and_
198 lmbncate : :



Coro]la with ﬁve united petals, bilabiate and in 2+3 condition (upper lip two lobed tower
lip three lobed). Aesnvatlon imbricate.

Stamens usually four, didynamous with the anterior pair longer, eplpetalous sometimes
only two (Salvia). Anthers introrse. Pollen grains polycolpate (the number of colpi ranging
" mostly from 4 to 6) and reticulate. Ovary superior, hypogynous nectiferous disc often present
between stamens and ovary. Bicarpellary, bilocular, appearing 4-locular due to false septum,
ovules anatropous one in each loculus. Style simple and gynobasic, stlgma 2-lobed. Placentanon
axile.

. Fruit made up of 4 nutlets or achenes each containing one seed Fruit enclosed within the
persistent calyx. Seed with scanty or no cndosperm

-Fig. 23.1. Octmum sanétym A Twig. B. Flower. C. Calyx. D. Pistil. E. Flora[ diagram

Pollination is entomophilous. Protandry promotes cross pollmatlon Nectiferous disc
present between the stamens and the ovary and provides nectar to the insects. The bilabiate 199



corolla ensures the insect visitor a landing place on the lower lip. It also acts as a flag to attract
the insects. The essential organs-are enclosed in the upper lip.: Hence when the insect probes -
_for nector at the base of the flower the stamens which are shattered by the upper lrp touch the
- back of the insect and shed the pollen grains (Lamsum) In Salvia, there are only two stamens.
The stamens have short filaments and elongated connectives. ‘The fertile anther lobe at-the
top, and the sterile anther lobe below are separated by the elongated connective. When an’.
~ insect visits- Salvia flower and probes for nectar, it touches the lower sterile lobe and the upper
_ ‘fertile lobe swings like a lever on the back of the insect, shedding the pollen grams Henoe lever
 mechanism is observed in the pollmatron of Salvie ﬂowers ,

-In- Hyptzs the anterlor (Iower) lip is more protruded and encloses the essentlal organs
Nectar is secreted on the upper side of the disc. While the insect lands on the lower hp and -
probes for nectar, lts belly and legs get smeared with pollen grams s :

~ The type of insect visitor varres accordmg to the length of the corolla tube Mostly bees .
butterflies and humming birds pollinate the flowers of Lamiaceae. The family is economrcally

_important due to volatile oil produced by the plants. Essential. oils used in perfumery are-

. obtained by distillation from Lavendula oﬁcmahs (Lavendar) Rosmarinus sp. (Rosemary) -
Mentha piperita (gives menthol), Mentha arvensis (Mint,: T. Pudma) Pogostemon, Thymus
serphyllum (vields Thymol), Ocimum basilicum (T: Sabja) O: sénclum (T: Tulasi) and Origanum

- marjoranum (T.maruvam).are useful to impart aroma for flavouring foods. Ocimum sanctum,. 0.
basilicim and Maerrubium sp. are used in medicinal preparations. Fruits of Hycopus europeans
yield-a green dye. The common_ ornamental plants are Selvia ofﬁcmalea (Sage) C-’oleus sp o
Lammm 3P Thymus p., Ldoendula 3. and Melissa - eté . o

. Lo . B!

Check Your Progress 1 & 2 . Q | . 3
1. What is the specnal type of mﬂorescence t' we Cothe 'aerossi'in.tlﬂs family ?

2 Menthol is obtamed from _

~ Note: a) _Write the_ answers in the.space Biyen below. . o
.~ . . b) Compare your answers@ose-giuen attheend. = .. ! _' R

_23.4 FLORAL FORMULA

‘Br; Ebrl, %,§ K(S) C(2+3) A 242, G (2)

© 235, DISTINGUISHING CHARACTERS

Leaves opposrte decussate and aromatrc

Stems quadrangular S f S : o e

Inflorescence avertrcrllaster or. thyrsus AR Lo | B L
Bxlablate corolla

: Stamens usually four d1dynamous, eprpetalous

Style gynobasrc

200
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23.6. SUMMARY

: The Hmiaceae is an essentially herbaceous family of aromatic plants. It shows verticillaster
or thyrsus type of inflorescence, zygomorphic, hypogynous flowers with bilabiate corolla and
~gynobasic style. ‘ C e

- Ocimum and Salvia are the most commonly errcountered members of this family-._- L

23.7. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The special type of inflorescence that we come across in this family is thyrsus.

2. Mentha piperita’

23.8. MODEL EXAMINATION QUESTIONS

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

1 Write about the dlstmgulshmg characters of Lamlaoeae and add a notc on 1ts cconomrc
importance. ‘ .

2. Describe the ﬂoral structure and polhnatron me:amsm in Lamlaccac ‘

IL Answer the following questions in about 10 lmes

1. Write the po]lmatron mechanism in La.

2. What are the distinguishing charac Lamiaceae. -
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"~ By the end of this unit you will be ble to

24.2. INTRODUCTION S o

© Sub-Division : Monochlamydeae
Class Lo Aehlamydosporeae

UNIT-24 : LORANTHACEAE  Divion s Diotictons

Family "+ Loranthaceae:

Contents -

24.1. ‘.Obje'ctives

242 Introduction '
243. Taxonomic Charactérs & Economic Importance . '
24.4. Floral Formula

24.5. Dlstrngurshmg Characters

24.6. Summary "

247, Check Your Progress: Model Answers, - .
2438 Model Enrarnination Questions :

24.1. OBJECTIVES

1. describe the various taxonomlc charactcrs of iy, .
2. list out the important genera _ @m

3. describe the economic importance of th.lS y, and

4. list out the distinguishing charact ' :

" Chiefly a 'tropica! family with 30 genera' and 1100 species. They extend into ternperate Zones
also. ' | ' . | o

Dendrophthoe falcata (Syn. Lomnthus longaﬂom) and Viscum sp. are Lommon in Indla., :
Some of the species of stcum occur in temperate regions. P

24.3. TAXONOMIC CHARACTERS AND ECONOMIC IMPORTANCE

Herbs or shrubs, partlal parasrtes on branches of trees, attached to their hosts by haustoria
(usually regarded as modlﬁed adventltlous roots)

Stems usually drchotomously branched nodes generaliy swollen (stem ﬂattened in steum)

An outgrowth of considerable size is often seen where the parasitic root joins the host. The
-parasitic root usually branches within the tissue of the host (Mrstletoe)

Leaves evergreen, persistent and leathery, mostly opposrte sometrmeswhorled |s1mple ent:re,
exstipulate, conaceous, sometimes reduced to scales. :

Flowers sohtary orin pamcles, recemes or spikes, ‘bisexual or umsexual (if unlsexual plants '
dioecious)e.g., Viscum. Flowers large and brightly coloured, actionomorphic (Dendmphthoe)
Sometimes 1nconsp1cuous and epigynous . Perianth borne on the cup:shaped receptacle green
and petal like or coloured, biseriate with 2 similar whorls, 2-3 merous, and petalord the parts
free or united. A calycutus is formed below the Perianth, as an outgrowth of the axis in the
form of a small fnnge (eg. Denomphthoe) Calyculus absent in Viscum.



Stamens as many as number of pcrlanth parts, and attached to them at thclr base,’ or on.

_ the cup (epiphyllous). Anthers 2 celled. (or transvcrsely mult.llocular), ehlscmg longltudmally ,

or by termmal pores or transverse slits, .

Ovary inferior, l-locular, embedded in the receptacle probably with 3 or 4 ca:pels, the ovules
not d:ffercntlated from the basal placentum; style simple, stigma capltate '

’ Fig. 24.1. Lomnthus lougaﬂorus A T\wg B. Flower. C. Flower opcncd D
Perjatith wnh epiphyllous stamens. E. Pistil. F T.5. of ovar)r G. Floral diagram

‘Fruit a pseudobelry (fieshy part is the rcccpmcle) or drupe It is often viscid bﬁcause of

viscin (a sticky) around the secd
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Seed w1thout testa, endosperm a‘bundant each seed has 2-3 embryos.

Pollmatlon anemophllous in unisexual ﬂowers and entomoplulous m brightly coloured
blsexual flowers.

K Dendrophthoe sp. is. semlparasmc on a number of plants ‘such as Neem- (Vepa), Mango,
Guava, Custard apple etc. Viscum album is the mistletoe of Europe, while' Phoradendron is
the American mistletoe. Viscum arhculatum found in Indxa Is used in the mdlgenous medicine.

Clleck Your Progress 1&2
1 Nametwo;,p,afés_itio'genei'a of this fomily. _

2. _Pol]ination"'ﬁi.n uni_simual ﬂowers isby ......... -..'._, én‘d" in biseirual flowers is by

L AR I

Note: ' (a) Write your answer in the space given below;-,fﬂ'j

[

b) Compire-your answers with those given at the end.

244, FLORAL FORMULA

e 3, Calyculus,PS A5G (3o 4}}

24.5. DISTINGUISHING @ACTERS

1. Plants most]y Stem parasites. ‘

2. Presence of perlanth and eplphyllous stamens. /
o3 Receptacle cup-shaped ovary- mfenor, ovules not clearly dlstlngmshable

4

Fruit viscous.

24.6. SU'MMARY. :

The Loranthaceae IS. mostly a tropical family of partla! parasmes It shows bisexual or
unisexual ﬂowers, pemanth and inferior ovary . ‘

Lomnﬂms is the commonly encountered partial stem parasne of ﬂ'l.lS fam:ly

24.7 CHECK YOUR PROGRESS MODEL ANSWERS

1. (a) Dendmphthoe P (b) Vascum
204 2. Pollination is anemophiloiis in unisexual flowers and entomophilous in bisexual flowers.

I



24.8. MODEL EXAMINATION QUESTIONS

1. Ansver the following question in about 30 lines.

1. 'Write an account. of the general characters of Loranthaczae.

. II. Answer the following question in about 10 lines.

1. Write briefly about the floral characters of Loranthaceae.

- 205 .



. 25.1. Objectives

UNIT-25 : EUPHORBIACEAE  Diwion  picovidon

Sub-Division . : Monochlamydeae
~ Class ™ .- Unisexuales -
Family ~  : Euphotbiaceae

¥ .
Contents

25.2. Introduction

25.3. Taxonomic Characters and Economic l-mport'a_nce
254. Jatropha Flo}al Formula -

25.5. Distinguishiné Characters

. 25.6. Summary

¢
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257, (‘Check Your Progress: Model Answers
25.8. Model Examination Questions

25.1. OBJECTIVES |

™

1
By the end of this unit you will be able to: * Q
1. _deSoribe the various taxonomic characters of this famil ) . :

list out the. important genera, _
3. describe the economic importance of this v‘Land

" 4. Hist out the distinguishing characters.
"252. INTRODUCTION %

A family of cosmopolitan distmn chiefly subtroprcal and warm temperate A large '
fam1ly having 283 genera and 7300 species.

25 3. TAXONOMIC CI-IARACTERS AND ECONOMIC IMPORTA]ﬂCE

Herbs {Euphorbia hirta, Phylla,nthus niruri), shrubs (Jatropha and chmm) trees (Hevea
sp. and Putmnma mzbmghn) Mllky latex is often prescnt in laticiferous cells.

Stems erect thick fleshy and succulent (Buphorbie) and many resemble cactaceae Sornetlmes
‘prostrate. In some the stem is ridged, armed with thorns. :

Leaves mostly alternate or opposite (Euphorbia hirta), sometimes whorled Leaves simple
or sometimes compound (Hevea sp.), stipulate. Sometimes stipules reduced to hairy glands (Ja-
trophe) or spines (Euphorbia melii), leaves variegated. Leaves caducous (Euphorbaa) venatron
reticulate, umcostate (.Iatmpha.) or multlcostate (chmus ) .

Infloresence: of various types. Termmal raceme (chmas, Croton), termrnal cymes {Jat-
ropha). drooping catkins (male flowers of Trewia and Acalypha) and cyathium (Euphorbic sp).
Bright red large upper bracts in Eu—phorbm pulchernma makes the cyathium inflorescence apear
conspicuous.

Flowers usually small or minute,unisexual (plants monoecious or dioecious). . Mostly-
actinomorphic and hypogynous. Both calyx and corolia may be distinct (Jatropha). Flowers may

be apetalous with only a sepaloid penanth (Phyllanthus and Ricinus). Many male flowers are

- arranged around a single female flower in'an involucre forming a cyathium (Euphorlna ).



.. In' staminate flowers stamens one (Fuphorbia) to indefinite {Croton), sometimes connate
and repeatedly branched (Ricinus). When corolla is present, stamens are equal or double the
number of petals. Anthers 2 celled, dehiscing longitudinally or transversely. Intrastaminal disc

present in multistaminate flowers. Pollen grains tricolporate.

o

Fig. 25.1. Poinscttia pulcherrima. A. Twig. B. Cyathium. C. LS. of cyathium D. Male Flower. E: Floral diagram.

In pistiliate flowers ovary'sui)erior and Vsyncaf[-ious and triéarpellary-. * Placentation axile.
Ovules anatropous and pendulous with ventral raphe. Ovules 1 or 2 in each loculus. Styles 3,
distinct, basally connate, terminally forked. Stigmas 3 or 6 papillate or form filiform segments.

Pollination chiefly entomophilous. Brightly colouréd_bracts _'(Eujahortiid ﬁulcfzer;ima) and
extra floral nectariés favour entomophily. Sometimes anemophilous.
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o Frult a schlzocarplc capsulc (Jatrophka}, regma (Castor), drupaceous ( mem, stchoﬁa)
drupe (Phyllanthus embhca, Putmnjwa) ' , .

Seeds albuminous, with abundant endosperm Endosperm oily (chmus) or fleshy. Caruncle
~ often present (chmus)

cheral members of t}us family are econmlcally lmportant Rubber is obtamed from the
latex of Hevea brasiliensis and other species of Hevea and Manihot glaziolii. ’

Edible roots as casava and taploca are. obtamcd from Manihot utilissima and Mamhot
palmata. : : . :

Castor oils is obtamed from Racmua commums, tung oil from Aleuntes foredu, croton oil
from croton tiglium and other sp.. of croton. A]l these oils are used as purgat;ve in medicine
and as lubricants (castor 01l) : :

Fruits of Embhca o_ﬁ'icmahs (H.Amala, T.Usirika) are p:ckled and used mcd:cma]ly It is
rich in Vitamin C and is an ingredient of Ayurveic medicine.

Some of the Wood ylcidlng plants are Bischofia javanice, Brzdeha fetusa, Fluéggea macro-
carpa, Cleistanthus sp. The wood is used in makmg agncultural 1mplements in the constructlon
of bridges, boats and poles , ..

The bark -of. Sapium insigne vields a dye. Emblica o@ia, Glochidion velitinum and
Mallotus phillipines are used in tanning. Some of rnafental plants of this family are
Euphorbie’ pulcherrima, B. tirvcalli, E.melii, Jatrop tifida, Codiaeum sp. (crotons) and
Pedilanthus sp. Putmnjwa ‘rozburghii is an avegue tr ther common plants and weeds of
this family are : ' %\ ' -

Buphorbia hirta -~ . Q& L
- Buphorbia m'glleaqicljg‘. % . o
Euphorbia antiquorum 3 <A - _;'5, “

Euphorbia nivulea

Acaljﬁha dddiéa (T.Kuppi) 7
Acalypf;t-z fmiwosag AL -
Acalypha lan;ddlafa' |

Tragia cannabina A I

- I N S I S

Chrozophora parviflora - s

.
&

Phyllanthus niruri (HJar Amia) medicinally vsed in jaundice.

[y
=

Croton sparsiflorus.

- 12. Croton oblongifolius.

,j "Check Your Progress 1,2 & 3

1'. -What is the type-'of--inﬂorescence: that is scéﬂ.in Euphorbia sp. P ,
2 Name 2 genera whlch yreld rubbc;

208 3. Name 2 o:l ylcldmg plants and alsd the hames of the 01ls



Note: (a) Write your answers in the space given below. T
(b) Compare your answers with those given at the end.
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254. JATROPHA FLORAL FORMULA

Male flover: Br, @, 8, P 5+5, A 5+45,G(@)

Female Flower: Br, &, §,P 5¢5, A 0, GQ3)

25.5. DISTINGUISHING CHARACTERS.

1. Milky latex is present in many plants.

{nflorescence a cyathium (EBaphorbia) of spik me, catkin (Acalypha) or terminal
 cyme (Jotropha). '

3. Unisexual flowers.

4. Ovary tricarpellary, trilocul a&m axile.

5. Owules 1 or 2, pendulous wi 'ventral’raphe.

6. Fruit a schizocarpic @, regma (castor), drupe (Phyllanthes).

7. Caruncle often present. ' ' -/

3

The membcrs‘ot' this familyhre .gai‘ning prominence in recent timés as they contain
hydrocarbons in their latex, as well as in oil obtained from the seeds. UNESCO is taking
much interest-in this project. ' ,

[

25.6. SUMMARY

The' Euphorbiaceae is a large family of latex bearing plants. It has unisexual flowers.
The male flowers show one to many stamens and the femate flowers dre with a tricarpellary
syncarpous, trilocular ovary with one or two ovules in each loculus on axile placentation.

Ricinus, Euphorbia and Jatrqph’a are the commonly encountered members of this family.

25.7. CHECK YOUR PROGRESS: MODEL ANSWERS
1. The inﬂoréécence'found in Euphorbia sp. i8 cyathium.
2. Hevea sp. and Manihot sp.

3. Castor oil is obtained from Ricinus communis and tung oil is obtained from Aleurites

. foredii. , 209



25.8. MODEL EXAMINATION QUEST]ONS

L Answer the. following qnestion in about 30 lines. -

N erte about the distinguishing characters and economic lmportance of Euphorblaceae

1N Answer the followmg questlons in- about 10 lines each _
B A Wnte a bnef account of the ‘economic 1mportancc of Euphorblaceae. o

‘2 What are the dxstmgmshmg characters of Euphorblaceae?

e



. D:vswn . 131 "Monocotyledons
Class Microspermae
Family: 3% 7 ‘;£-_<:Ol"chidaccac .

UNIT-26 : ORCHIDACEAE

*Coients”

.26.1, Ob]ectwes
26.2. ,Introductlon B
26.3. Taxonomic Ranks and Economlc Importance
264. Floral Formula ' : '
26.5. Distinguishing Characters
26.6. Summary
267. Check Your P

=551 Model Aﬁswc;;g ,

‘descnbe the various taxonormc characters

list out the nnportant genera,

Alarge famﬂy of Monocotylcdons with 450 genera ‘and 10,000 specnes. They are cosmopohtan
in distribution. Chiefly tropical, less abundant- in temperat reglbns. ;

'branches .eg. anda; Polyrrhiza.

2. An acranthous sympodlum in which the main axis is composcd of annual portlons of
© successive axes. Hach of this axis begins w:th a scale leaf and’ends in an mﬂorcscencc ,
- e.g., Zeuzine, Dendmbwm. : :

LA pleuranthus sympodium in which thﬁ growth 18 stnctly seasonal. In this type the

mﬂorescencc is lateral T )
PRI S ; '

s The roots or: thlzomes are: wrrh endotrop mycorrhma ( R
‘have fibrous or thickened cord like roats. Epiphytic orchids possess three typcs' of Toots. {a) -
_.,_the clinging roots. (b) absorptive roots that penetraie the humus which collcctﬁ between plant
3 dnd “its Support; ‘Add” {c) the peadant aeua Greals velamen: Hs isture from
the atmosphers: ‘ ' -
211




26.3. TAXONOMIC CHARACTERS AND ECONOMIC IMPORTANCE

s

Stems leafy or scapose.

Leaves simple, alternate, rarely opposite or whorlcd linear, ovate or orblcular Exstlpulate "
sessile ( Zeuzine) or petiolate. ‘Leaves rarely reduced to scales (Neotlia). Sometunes membranous’
or-succulent. Leaf base sheathing. -

Inﬂorescence recemose, often as spikes or racemes or panicles. Sometimesflowers solitary.

Fig. 26.1. Spathoglotiis sp A. Twig. B, Flower. . C. Openeﬁ fiower D. Poltinia E. Pistil.
“F. T.S. of ovary G. Floral diagram, 1. rostellum. 2 Gynandriun_:. 3 Inferior ovary 4. Pedicel.

. Flowers blsexual rarely unisexua, zygomorph.lc, mmerous, OVary eplgynous and promlnently
. 21 2 elongated Flowers bracteate, pedicillate or sessile. :



" extracted.

Perianth leaves free in two whorls of three each. Outer whor! sepaloid or petaloid, free,
regular and valvate. Inner whorl petaloid, the odd lobe or labellum is posterior in bud and
on resupination (a curvature -of ovary through 180°) becomes anterior. The labellum is highly -
modified and frequently drawn out into a basal spur. : , .

‘ |
The essential organs in orchidaceae are enclosed in the gynandrial column formed by the’
union of the stamens and style. This column ends in a beak like rosteltum. ‘

A solitary terminal stamen in the monandrous type (Vanda, Dendrobium, Orchis). Two
\ateral stamens in the diandrous type (Cypripedium, Neuwiedia). In the monandrous type the
gynandrial column is with one anther and two fertile stigmas (often confluent). The rostellum
represents the third stigma. In the diandrae two stamens of the outer whorl are completely
supressed and the third one is modified to a staminode. Of the inner whorl of stamens, however,
one is completely supressed and the other two seen on either side of the gynandrial column
remain fertile. Antherss 2 celled and introrse. Pollen grains often granwiar usually in irregular
masses called pollinia. In some the pollen grains are released in tetrads. ‘

Ovary inferior, twisted, tricarpeiary, syncarpous, unilocular, with numerous minute ovules
on parietal placenta. Styles and stamens variously adnate to form the gynandrium. Stigmas 3,
sithated below the rostellum. . ' - ' o

The fruit a capsule. Seeds numerous, and- minute.

The peculiar structure of the orchid floweg€Tawours cross pollination. Nectar is secreted in
the spur or below the labellum. The bright-co flowers, the sweet smell and the labellum

attract the insects for pollination. Due t . resupination of the flower, the labelium occupied
the anterior position and offers a lan ing%for the insects. In the genus Orchis, the flowers
are arranged in dense spikes. Th r ¥s basitonic and well above the stigmas. An insect
landing on the labellum probes the SRur for nectar. In this process the back of the.insect.comes. .
into contact with the rostell depresses the pouch in which the poilinia are placed in the
viscid substance. The viscid s e adheres to the insect as it drills the tissue of the spur for

_ honey and-the caudicles of the pollinia get attached to the body of the insect. Thus when the
nsectTeaves the flower, it carries the pollinia which are upright on their caudicles. When the
insect visits another flower the pollinia are caught by the stigmatic surface. -

If th'e'ﬂbwer_s are not pollinated, they remain fresh for along time.

The family orchidaceae is of great horticultural importance because of its various ornamental
plants of epiphytic and terrestrial habitats, The terrestrial ornamental genera of temperate
regions are Cypripedium, Habenaria and Biletella. The chief epiphytic genera of the tropics

“and subtropics are Dendrobium, Cymbidium, Cettleya, Odontoeglossum, Bpidendrum, Vande,
Laetia, Corlogyne. Some -of the terrestrial plants are Epipactus; Zeuzine, Pagonia, Goodyera
and Spathoglottis. . - o . - :

- Capsules of Vanilla planifolia, are the source of vanilla scent, used in confectionary and
icecream, o : i Lo

Leaves of Calantha uemirifo.lih yield a glycoside "indican” from which indigo blue is

Tubers of Eulophia epidendrae are used as vermifuge. Vande rozburghii is useful in scorpion
bite and for rheumatism. _ ' 213



i;:;Check Your Progress 1, 2 & 3‘

1. What are the roots of eplphytes that ‘absorb =ater from atmosphere "

2 The scent that is used in icecreams is obtmned from

v 3 LlSt out 3 epxphytlc genera.

 264. FLORAL FORMULA

. ’ ﬁ‘ N -
Br, %, . P 343, A1, G

i 1gynmfs ﬁnwers’mt ‘ :
is modified into a Iabellum A gynandnal column encloscs the essential organs. ‘The ovary is’

tncarpellary, syncatpous but umlocu]ar with numerous ovules on panetal placcntatlon. ‘

Va‘ud a,
family.

G

A 5% i A YOUR ROGRESS ‘MODEL ANSWER

1. The roots that absorb water from the atmosphere are v_clamen T001S..

2. Vanilla planifolia .

214 3. (8) Dendrobium sp. (b) Ep‘ldendrum and (c) Vauda. g “ o ‘



5,
"

268. MODEL EXAMINATION QUESTIONS ...

hanism in Orchidaceae.

- H. Answer the following questions in about 10 lines each.
1. "Write about the economic importance of Orchidaceae.

2. What are the distinguishing characters of Orchidaceae? -
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274, Floral Formula

UNIT-27 : ARECACEAE ~ = 25" ?:‘3;‘:}?3"“?“"

(PALMAE) . _ﬁ- ~ Family : 'Arecaceae

 (Palmae) -

Contents

- 27.1. Objectives

272. Introduction L
27:3. Taxonomic Characters and Economic Ymportance

275. Distinguishing Characters
27.6. Summary '

277, Check Your Progress: Model Answers ' L

278. Model Examination Questions

27.1. OBJECTIVES

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

~
1 describe the various taxonomic characters of-@milv,

2. ' list out important genera,

3. describe the economic imporuanlx“y and
ters® |

4. list out the distinguishing

27.2. INTRODUCTION
Arecaceae consists of about 217 genera and 2500 specws distributed in fropical and "

subtropical zones.

'Palms, mostly, have a typical vegetative habit, with a crown of leaves at the, end of often
unbranched stem; stem exhibits various forms and they are: (a) a short rhizome or stock bearing
‘radical’ leaves and often branching below ground (Nypa, Phytelephas); (b} thin reed-like stem

*with fong internodes, sometimes showing climbing habit (Geonoma, Calamus, Desmoncus); ()
erect stems attaining considerable height with crown of leaves at the top (majority of palms). -
-Some times stem is covered with thorns or remains of old leaf-sheaths. o

27.3. TAXONOMIC CHARACTERS AND ECONOMIC IMPORTANCE

Palm leaves are typical and are mostly.very Jarge; palmately compound (fan p:alms-Bom'qsm)
or pinnately compound (feather palms-Cocos). A prominent sheath present at the base of petiole
makes a firmer attachment to stem. Pinnae are folded where they meet main stalk of the leaf; -
sometimes upwards (in duplicate, V- shaped in cross section) or downwards (reduplicate,

"~ A-shaped), these features are taxonomically important. Stout sheathing base of the petiole
often persists on'the stem for sometime even after the leaves fall. '

~ Monocarpic palms such as Corypha t&liem produce a large single terminal inforescence
(panicle) after the vegetative growth ceases and then di¢ . In polycarpic plants, however, axillary

inflorescences are produced every year. Inflorescence is often subtended by a large bract (spadix).
Flowers dioecious or mogoecious; trimerous and actinomorphic. .



Perianth 3+3, homochlamédc_qus and varying in texture,

Stamens 6 in two whorls (3+3), anthers 2-celled, dehiscing by vertical slits. Pollen grain
elliptical to oval, monosulcate and smooth to variously ornamented.

. Carpeis 3, syncarpous, one-loculed (Cocos nucifera) OF 3-lqculed‘(Bomssus -ﬂa.bellifer).‘

bt d Pl

I‘-ﬂ QA ¢ WA

b

Fig. 271" Gocos nucifera. A. Plant. B. Flower. C. Fruit showing carpellary scars.
D. LS. of fruit. E. Floral diagram of male flower. F. Floral diagram of female flower.

‘ _Fruit -a berry. (Phoeniz) or drupe"(Cocos); endosperi large, in some very hard (date,
vegetable ivory). o : R o . :

o Pollination mostly anemophilous, occasionally ehtomdphilous. In most palms flowers
" protandrous, thus avoiding self pollination. - R N o g
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Arecaceae economtcally 1s one of the unportant farmhes of troplcs

- oil)..

011 is obtamed from endosperm of Elaets gmnenm (palm 011) Cocos nttczfem (coconut': R

Frult of Phoemz dactyhfem (date) and endosperm of Cocos jn'uczfem are edlble _ . )

Palm starch (sago T-saggu btyyam H Sabudana) is obtamed from stem prth of Metroa:ylon’ .

mmphn, M Ieaee and Caryota unens

-~ Toddy (‘nt‘”ﬂcam'sap of the plant) is tapped from Borassus ﬂabelhfer and Phoeniz specaes' ST

* Leaves of palms (Bomssus Cocos etc) are used in ) the. preparatlon of mats fans, baskets. ‘

: _and many decoratlve arttcles. They are also usecl for rooﬁng the huts/ .

- Betel nut (H shupan T-Vakka or pokalu) lS obtamed from frults of Areca, catechu.

-' _ Vegetable 1vory, hard. endosperm of Phytelepkas spec1es is. used for prepanng bllllal‘d balls‘ L . w

- and toys.

. Fibre’ (corr) obtamed from the mesocarp of C'ocos uuczfem frurts is varlously used for rope."‘

making; mattresses etc. N

Stems of Borassua and Cocoe are used as beams in house construction

Many palms are grown as omamentals €, g o Roysto'- go
species. : . : S R

' '.'Check Your Progress 1 2 &3 ‘ O _ _d'-/
1. Name two ml yleldtng plants of Arecacea?\ o '

. ‘2 Name two toddy yleldmg plants Q~ o b
L 3. “The bllllard balls are prepare@\ L
R Note N a) Wnte your ansWers in thi Space grven below a .J .

(b) Compare your answers wrth those gtven at the end

: m, szst_ona‘_ehmensis,'qu'ypfte.

L el R I e I S L T T T T SN

e I I I T T T S T T T
,,,,,,,

L T T S

274 FLORAL FORMULA
Br $,§ 3 Q,P3+3 A3+3 _C'_Q).

27.5 DISTINGUISHING CHARACTERS

_ 1 Palms mostly have typrcal Vegetatlve hablt wrth a erown of Ieaves at the end of branched
' stem . o . ‘ S Do .

- 2_—1.8 -’ 2 Stems often omamented wlth leaf scars. -



3 Lcaves -large, fan-like - (palmate) or feather like (pmnate)
4 Flowers in largepamclc (spadix) regular, unisexual orbrsexual trrmerous and hypogynous. :

5 Frurt a berry or drupc

ARS

v .

‘-2_'7.6.'SUMMARY- R T

"’ The Arecaceae, an economically important tropical family, includes various kinds of palms.
The characteristic habit of palms consists of a columnar trunk with a crown of large fan-like
" {palmate) or feather-like (pinhate) leaves. The flowers seen in large mﬂorescences are generally
' umsexual regular and trimerous. : : o .

C'ocos, Phoem:l: and Borassus are the most commonly cncountcred mcmbcrs of thls famﬂy :

- . .\._-

27 7. CHECK YOUR PROGRESS MODEL ANSWERS

DAY

1. : The oil yleldmg plants are Elaezs gumenm and C'ocos nucafem

2 The toddy yleldmg plants are Borassus ﬁabellzfer .and Phoemz sp. o

2'7 8. MODEL EXAMINATION QUESTMS

3 Hard cndosperm of Phytelephas Sp

L Answer the followmg questron in abou?&r?ﬁ =

1. erte about the general ch% d economic 1mp0rtancc of Arccaceae famrly

IL. -Answer'the following ques%n a ut 10 lmes edch. .
1 Wnte about the economi lmportance of Arecaceae

2 What are the dlstmgulshmg characters of Arecaceac'? e

< 919



UNIT_28 PO ACE AE ,](Z:)Ilvswn i ...glonocoty]edons
ass - ;. Glumaceae -
(GRAMINEAE) Family -1 Poaceae
L BT (Grammeae)
" 281, Objectives . RIS
282, Introductron - 5 R Lo

¥

' 28.3. Taxonomlc Characters and Economic Importance

R

284"_Floral Formula s
285. .Dlstmgulshmg Characters o .
'286‘-Sumnmry T o .
287; :Check Your Progress Model Answers S B T

- 27 8. Model Exammatron Questrons

- '289. Glossary . Tl ; s
© 28,10, References o 0

- 28.1. OBJECTIVES
o , By the end of this. umt you wrll be’ able ‘to ?5 P B
. descnbe the vanous taxonomrc ch of thi s famrly, R .- S ‘ '

o2 list out the lmportant genera,
-3 descnbe the economrc 1mpor@f th1s famrly and
4 .

llSt out the drstmgurshmg characters

282, INTRODUCTION _

“The Poaceae constltutes one of the blggest fam111es of angtosperms with about 620 genera o

‘ :jand 10,000 species. They occur all over the world (cosmopohtan) Annuals ( Eragrostis poides),. ‘ :
- biennials (Bmmus mollis) or perennials (Bamboos) The plants are seen often in tufts of .

spreadout forming a:mat. Mostly branched. The branches arise from base of the enveloping =
leaf-sheath or from wrthm the envelopmg leaf-sheath Srlrca bodles Joften present in eptdermal- o

] cells

'28 3 TAXONOMIC CHARACTERS AND ECONOMIC IMPORTAN CE

- Srerns of grass- are called culms. Culms vary much in 512e and r1g1d1ty, mostly cyhndncal

- rarely compresscd (Poa compressa) often hollow. sometlmes solrd (Zea).

Leaves altemate and are of two. parts (a) leaf sl(teath which clasps the culm, and (b) leaf

_blade. Sometrmes small claw-hke teeth (aurrcles) are present on margm where sheath ]oms' '

: blade -

ngule usually th1n or ngldly membranous stl'ucture present at ]uncture ‘where the blade- L

. "meets sheath, ngule sometlrnes absent-or vanously divided or modrhed mto a small rldge

1920 °

Blatle of grasses often descnbed as. ‘leat’ usually long and narrow with parallel sides and L s
- tapering to pointed end (lanceoiate) Stomata of typlcally grammaceous type thh dumb-bell: o
- shaped guard cells. , o _ R



The structure which encloses grass flowers.is called spikelet. Spikelets vary in size, shape
. and degree of denseness or looseness. Spikelets are arranged in panicles (when borne on statks-
rachilla, on branches), racemes (stalked directly on main axis) or spikes (when seated on main
axis itself). ' : : g . - : o ’

_ Spikelets are. made up of one to many florets subtended by two sterile structures called
glumes (glume one =lower glume; ghime two = upper glume). Florets are made up of outer
two structures, lemma and palea enclosing ofteri a bisexual flower, Sometimes florets are either
sterile or unisexual (Zee mays). Glumes, lemma and palea vary in their shape, size, texture and
nervation and are of taxonomic importance. . o o '

Fig. 281, Zea may-a. A. Plant. B. Gynoéoflum. C. Parts-of male spikelet. D. Cob. E Grain. ¥. Floral -diagfam. '
B ! ) . ' A ’ . ' N . ° ‘ .

Flower consists of (a) two minute scales - lodicales (regarded as. reduced perianth); (b) -
3 or 6 stamens with 2-celled anthers, basifixed but deeply sagittate.and at anthesis appearing
as if versatile. Pollen grains spheroidal, monoporate; (c) carpels 3, superior, syncarpous, ovary
with two (sometimes 3) feathery stigmas on slender style. Ovule one, anatropous, adnate to the
adaxial side of ovary. Pollination anemophilous. Fruit mostly caryopsis, rarely utticle.’ 291



- _.‘. Lower glume (glume one)
o :.._\.,_f_ _" . . r» Glumes——r—‘ v

Upper glume (glume two)

Lemma

o Lodicule 1o

. [y -
— Palea

-""-Schematic irep_re'sentaﬁon rof Spikélet S
Econormcally Boaceae is the most 1mportant famlly, as rt provrdes stapIe food not only to
- man but also to ammals Thus it is said * all flesh is grass” because dlrectly or 1nd1rectly almost —
' all members of amma] kmgdom depend upon grass. R o : ;

-3 ".yza satwd (paddy-rlce, T. Van,
sp Gerococcum (wheat T. Godumaly, A
Jium sativa and species (H. Jowar, T.

. Plants whlch provrde staple food to -man and ammals
H: Dhan), Trztzcrrm aestzvum, T. dzcoccum T, durumy
- H. Gehu); Avena sative-and species (Oats, H. Jai)§
- .. Jonnalu); Penmsetum typhozdmm (Pearl millet, H. Bajrd, T. Sajjalu), ‘Zea mays (Maize or com,
. H. ‘Makai, T.. ‘Mokkajonna); Setaria italica ( » millet H. Kangini, T. Korralu); Eleusme oD
coracana (Fmger mjilet -T. Ragulu) Su% ‘med from. Saccharam o_ﬂ‘icmamm SRR LU

Fodder yleldmg grasses are; P purpm’eum (elephant grass) Soryhum su daneme‘ o
',(Sudan grass) Setaﬂ!l spec_ses, El%mdzca, chanthmm speCICS Echmochloa Specws R

Lawn grasses Agmstss ‘tenuw, Cynadon dectylon, Holcua moIIzs ctc 3

' Aromatlc 011 (Rusa orl) is- obtamed from Cymbopogan spec:es partlcularly Cymbopogon‘ L 5

merting - 2 RN

s 4

: Bamboos Bambusa specres are used for makmg baskets mats, roofmg materra] and paper R

Sl Apart from the few econormc asptcts mentroned above Poaceae provrdes basn: raw materrals ‘
" for the following industries: (a) beverages sake (rrce), whiskey (ray, barley, corn), rum (sugarcane. -~
molasses); (b) Corn products corn orl popcorn, corn starch (c) Ethyl alcohol (sugarcane cereals o
"andmllletsetc) T e S

'

_ About 80 genera are known to be cultrvated as ornamentals € g, Pamcum vanegatum, :
: 'Mehca altwszma, Elym.us ar-enanw, Poa glauea, Saccharum specses o e

| "',.Check Your Progress 1 2 & 3 . o
‘ 1 What is the shape of the guard cel]s in the members of poaeeae ? .

2. Wnte the botanrcal names. of nce Wheat Jowar and malze :

222 3 Rusa orl lS obtamed from



Note: (a) Write your answers in the space given below
' (b) Compare your answers with those glven at the end
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28.4. FLORAL FORMULA

Glume 2 or 1 or O, Lemma 1 Palea 1. Lodlcules Zor 3 A 3or 6, G(3)

285, DISTINGUISHING CHARACTERS

Mostly herbaceous members w1th hollow culms.
,_Leaves alternate, lanceolate with sheathin; bz@
Guard cells of stomata dumb-bell shap@
. Monoporate, spherondal pollen gr

Flowers in spikelets made up es, Iemma and palea .

 Stamens mostly 3 or 6.

Ovary superior with fe@ stigmas
Fruit caryopsis. M .

RN - N N

286 SUMMARY

The Poaeeae one of the Iargest famllles of angiosperms is most]y herbaceous and cosmopohtan
The flowers borne in spikelets are ' mostly bisexual, trimerous, regular and hypogynous Economlcally

“-this is a very lmportant family as,it provides staple food to man.

i

: Oryza, fl‘mtzcum Sorghum and Zea 'm.ays are the most 1mportant crop plants of this fa:mly

28.7. CHECK YOUR PROGRESS: MODEL AN SWERS

1. Dumb-bell shaped guard cells are found m Poaceae _

2. The botanical names of rice, wheat ]owar and malze ‘are Oryza satwa, Tntscum sp So-rghum

Al

.mtwa and Zea mays respectwely

1

3. Cymbopogan Sp s

28.8. MODEL EXAMINATION QUESTIONS

L Answer the l’o!lowmg questlon in about 3 lmes

1. Descnbe the ﬂoml structure and economrc 1mportdnce of the fannly poaceae. o
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1L Answer-i:he-_‘ t’ollowing :questions in abeut 10 lil{es -each, L

1. Give .-an'\-accoun't of the economic importance of _the family Poaceae. 2

2. What are the disfinguishing charajc.ters}'of: Poaceae.

289, GLOSSARY -, - S
Acti‘nornorphlie‘ . ' -: ;Regdlar symmetncal

‘ Adnate. .o a | Umlsed with another (dlfferent ) Part ’
_' Anatropolis-" o - _ o -: _Reversed seed or ovule whose opemng (micropyle) is close

_ , r S ' to the pomt of attaehment
) ‘Apocar'po‘us L ' .'Wrth carpels free
IBe‘rry ' o Pulpy, mdehrscent frurt - . :
’ | ﬁicol_lateral o | T 'Wrth phloem on both srdes (outer and mner) of xylem
. Brﬁd : ._ - ::Cleftmto two '; T _- L
o _-‘Cal'yctllu.s. S : Ciltisa stightly toothed, Sgregular rim lrke structure present '
: : - - first below the _pen@t is sometimes. consrdered asa E
\.Calyx-'tube-'_,_ B : The tube ofgan@loosealyksornetitneslused for hypanthlum. o

Carpophpre L ' ot A 'Wi stali{ o carpellary origin' that supports each half'
' L : p }: edehlscmg fruit. - - o

‘Cartilaginous =~ .. @g. d hard but not bony. o C
Capitate, - R aded; head lrke o ' _‘ o , :

' -Capsule-, ' o LT A dry, dehrscent fl‘lllt developmg from a oompound ovary

Coroma .. - :' Any appendage or extentlon that stands between the petals _
s 0o.e .70 andstamens. - B : :
' Crernocarp T C :,"'A dry,ﬂdehlscent 2 seeded frult each half a merlcarp borne* o
.. o S ona hair-like carpophore. , _ ; .
Cyat}ﬁlim" e Co " : A special type of mﬂorescence It cons:sts of many male ) ‘
: ' : flowers represented by single stamen- arising from scaly bract

. like structures. A single female flower is present on a raised
stalk represented by tncarpellaxy ovary: e '

-Cypsela_.' T . Small, mdehrscent frmt wnh presnstent calyx and’ deveIOplng g
S o < from 1nfenor ovary. ‘ .

| 'Dia'delphous ' ‘ o o : _Stamens in two sets or. bundles by union of ﬁlaments e
"Didynamous e . -Stamens are of two drfferent lengths, two long and two short-- -
L ..« stamens attached to the corolla tube . .
* Dithecous I ' : Two-chambéred. '
- 224 ,Entomophrlotts; S .Insect-pollrnatedt-: -



' Epicalyx

Epigynous .
Epipetalous.
Epiphytic plants
Fistular

Floret -

" Follicle

. Gynandrium -
' 'Gynonhore
Gy-noste'giurn‘

Hermaphrodite

Hesperidium,. -

Heterogamous .
Heterostyly - |
Homogamous
Hyp'anthium |
"Hypogynous

Imbricate

Interpetiolar
Introrse
Latex

: Legnme -

Lomentum, =~

Monadelphous stamens

:Bisexual. SPTES 5 .

A ‘whorl of -green sepal-like structures representing the
-+ bracteoles and it is present just below the calyx.

;. Above the ovary.
" : Borne on or arising from the petals or corolla. .

: Plants growing on other plants., They attach themselves to

th_e_suppor_ting plant by clinging roots.

: Hollow. -

. Small flower of the members of compositae or grasses. <

: Dry, déhiscent fru1t developing from a monocarpellary prstrl :
and opening on the dorsal suture.

. Androecium and gynoecnum together form a column called

the gynandrium,

Stibe" of an'ovary.”

Compound structure formed by the urnor; of anthers and -
stigma.

I

.. Afleshy frujt dey€loped from superior polyearpellary syncarpous
p:stll The pericagg s an outer leathery rind, a middie white -
spongy m and a thin endocarp. There are numerous
- juicy. hairs i 1d ‘the endocarp which is edible.

than one kmd or form of ﬂower
g dlfferent lengths of styles
Wrth one kmd or form of flower.

Cup-lrke reeeptacle derrved usually from the ﬂoral envelopes:

and androecmm

"' Below the oymy.

: Overlapping; ifiner member posterior in ascending and outer
- one posterlor in deseendlng types.

Stlpules lying between the two leaves.
— Facmg-m-ward or towar.ds the axis. .
: Milky sap. o

: 'Srmp[e dry fruit developing from-a monocarpellary plstll and

dehjscmg on both sutures

o Legummous fruit constricted between the seedsand breaking.
: ‘mto one- seeded segements at maturity. -

. When all the stamens of the androecium are united into one
- -bundie by their filaments and the anthers remalnmg free, it .

is known as monadelphous cond1t1on
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- Twisted

Obdiplostemonous stamens

Opposite decussaie -

Panicle

- Parkinsonism .

Perigynous
Plaited

Polyadelphous stamens

| Protandry

: 'Pulvinous

-Quincuncial

- Regma

Spasms
Stylopodium'

Syncarpous

- Syngenesious

Translator

Valvate

Verticillaster

Weed

Zygymorphic

:_Plicate; folded

: Without 6vcrlappiﬁg.

: Stamens are arranged in two whorls, with outcr whorl of
stamens being antipetalous and inner whorl ant:sepalous.

: . Two leaves (at each node) alternatmg at nght angles and .
.. forming 4 rows.,

: Branched raceme.
: A chronic progressive disease of the nervous system.

: Around the ovarf.

: When the fitaments of the stamehsfare united and the anthers

re'mammg free it is called adelphous condition. In this
‘way if many bundles of stamens are formcd it is called
polyadelphous condition.

: Pollen bemg released before the sngma (of the same ﬂower)
> is receptive.

: Cushion-‘shape(l, Swo@

: With oVerlappi 3 completely outer, 2 completely inner
ially in‘and out floral parts. - . -

and 1 partially

: A schiz frult whlch breaks into 3 one seeded pans.

w

and sudden muscular contractlon -

hurit
:_iﬁsh—likq enla‘rgément at the base of the' style.
: ‘With carpels united in full or in part
: With connate anthers but free ﬁlamlsnts.

. A mixed type of inflorescence. In this racemose branches’

are formed on the inflorescence axis on which at each node,
two cymose inflorescences are placed opposne to each other.
. These cymes may be branchcd also :

: Plant part (in androecinm) for removing pollen.

;' With regular Qverl.lipping. '

i

. This is a condensed  inflorescence in which the apparent
whorls are found to be consisting of two cymose infl orescences,
each forming a dichasium of three ﬂowers

: Undesirable -(usually herbaceous) plant of a locality. - -

: Divisible into equal halves in one plane only.
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UNIT-29: DEVELOPMENT OF MALE AND
FEMALE GAMETOPHYTES

Contents

29.1. Objectives

29.2. Introduction

29.3. Development of Male Gametophyte

" 293.1. Behaviour of the vegetative nucleus

2. 3.2. X-Bodics
29.33. Pollen Embryo Sacs

29.4. Development of Female Ganietophyte
29.4.1. Development of Monosporic Embryo sac.
2942 Deve]opment of Blsponc Embryo Sac
29.4.3. Development of Tetrasporic Embryo sac

29.5. Nutrition of the Embryo Sac " 0
29.6. Summary '

29.7. Check Your Progress: Model Answers O
29.8. Model Examination Questions

29.1. 'OBJECTIVES

&
By end of this unit you will be :@: _ (

1. describe the development of the ‘male gametophyte, .

2. describe the'behaviourl of the vegetative nucieus,
3. describe the-X-bodies and pollen embryo sacs and

4. describe the development of dlffcrent typcs of monosponc, bisporic and tetrasponc types
of embryo sacs.

29.2. IN TRODUC_TION

The process of microsporogenesis in the sporogenous tissue of the anther. results in the
formation of microspores (pollen grains). Microspore is the starting point of the development
of male gametophyte. It starts germinating within the microsporangium and is released at
2-nucleate or 3-nucleate condition. The male gametophyte is formed after the d1v1s1on of,
microspore nucleus ‘

29.3. DEVELOPMENT OF MALE GAMETOPHYTE

The first division of the microspore results in the formation of two unequal cells, the Klargc
vegetative cell and the smaller generative cell. These cells do not posssess distinct cell walls and
are hounded: only by cell embranes (Fig. 29.1) - 231
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* Fig 29.1. Diagramm to illustrate important -s'rage%t development of male gametophyte. A, Newly =
" formed microspore. B. Older stage showing, iatidn. C. Microspore with dividing nucleus. D. Comple- ’
’ tion ofdlvrsmn E. Generative cell losing co wall F. Generative cell lymgfreemrfytoplasmofveg—
votlen gram LX DMS[on of generatwe cell i in pollen tube. -

etatlve cell. G,H. Division of genera@ i
_The' two cells, ‘of the male gam 0phyte CXhlblt srgmﬁcant hrstologlcal varlatrons The h
generatrve cell has meagre amount of. cytoplasm with scanty RNA and protems Its nucleus

" is conspicuous with: high DNA content. The vegetatrve cell,.on - the other hand;has denser

cytoplasm with high RNA and protein contents. its nucleus is less: consplcuous and with meagre

. DNA but-the nucleolus is laige and conspicuous. The gerierative cell attached to the pollen

. fale nuclei. This division. m
.male nucler become surro_ nded by thelr own cytoplasmrc sheaths and thus appear drstmctly as )
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2.

wall gets departed, becomes spherlcal elliptical or lenticular and lies freely within the cytoplasm - - ’
‘of the vegetative cell. The pollen grain is usually shed in the 2- celled condltlon In a number
_of families, however; pollen grains are released .in.a 3-nucleate condmon In these cases the
‘generative cell also divides to form'two male gametes before the dehiscence of anther lobe and.
 the shedding of the pollen grain. : . ‘

The pollen tube develops when the pollen grams reach stlgmatrc surface i in. pollmanon. '.[he.

intine protrudes through one of the apertures or germ pores. The nucleus of the vegetanve cell L

along.with some. of its cytoplasm generally moves “first into the poIlen tube. In all ‘those cases
where the pellen is shed,m‘ 2- nucleate stage,. the . generative nucleus divides resultmg in two-.
ay | take place in the polien grain or in "the pollen tube. The two ‘

male gametes(sperms)
29.3 1 . Behaviour of the Vegetatwe Nucleus

Normally, the vegetatrve nucleus remams in the pollen gram and degenerates ultlmately, '
In some cases the vegetative nucleus finds its way into the pollen tube. ' Occasionally, it is

fournd . lymg close to the sperms. ‘But it has no role to. play It dnsmtegrates at one stage or

the other. Degeneranon is due to loss of protems resultmg in shrmkage of nuclear membrane

‘



Subsequently the’ chr< spatin dlsmtegrates DNA content lS reduced and the nucleolus 1s also
lost. .

29032, X-Bodies

The poilen tube dlscharge has been reported to contam certam unknown structures. These.
are called X-bodies. X-bodies are reported to be spherical or rod shaped. These are refractive
bodies which show intense staining. The nature of X-bodies is controversial. They are variously
- considered as remnants of synergld nucleus, supernumerary sperm cells, vegetative nucleus and
s0 on. X-bodies have been shown to be DNA positive. Therefore, they might be from the nuclei
of some cells inor around the poilen tube d1scharge

29.3.3. Pollen Embryo Sacs

In the petaloid anthers of Hyacmthus omentahs, Netniec {1898) observed pollen embryo
sacs for the first time. Usnally:the mature pollen grains are 2-or° 3- celled. Rarely, the male
gametophyte shows more than three nuclei. This leads to the formation of a structure resembling
~ the female gametophyte ‘Similar observatlons were later made by Geltler (1941) in Omethogalum .
nutans. ‘

. Nemec's observatlons showed that some of the poilen grams enlarge and develop into sac
like structures. The nucleus in the enlarged pollen grain divides three times mitotically resultmg
in 8-nucleate embryo sac like structure. The pollen embryo sac is associated with large number
of dead pollen grains. The dead grains -are supposed to secrete “necrohormones due to which
an increase in the size of pollen ‘embryo sac results

Check Your Progress 1 & 2
1 tht are X-bodres"‘

-2 Descrrbc the pollen embryosacs.
Note: (a) Write your answers in the space %ﬁbelow R R .
K (b) Compare your answers wi se Biven at the end, - _ S '

ararastidr e s et anas s narRany ..‘........-..--.----...........oo....-----..-..-.--..'..

N R I L L R T T R R
.........................................................................................

A T T Y R R R

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

29.4. DEVELOPMENT OF FEMALE GAMETOPHYTE

_ The female gametophyte develops in the megasporangium. The megasporogenesis takes
place by the meiotic. division of the megaspore mother cell. The first meiotic division results
_in two haploid dyad cells. The dyad ceils undergo another division forming linear tetrad of
megaspores. The three micropylar megaspores are smaller and degenerate in due course. The
larger chalazal megaspore eniarges. This is the functional megaspore which develops into the
female gametophyte. Megasporogenesis this involves the formation of four megaspores from’
megaspore mother ceil (Fig 29.2). Mabagametogenesls or development of female gametophyte
is from one 0T MOTE MEGASPOTes. - 233



- Fig. 29.2. Different stages in megasporogenesis. A.'With megaspore mother'pell. B. Unequal divi-
= sion of megaspore mother cell. C, The Second equal division in the upper cell and unegual division
* in the inner cell. D. Linear tetrad of four megaspores; the lower largest i$ the furictional r_ncgasporc.'

‘The female gametophyte (embryo sac) development in angiosperms is of three types: °
monosporic, bisporic and tetrasporic. In the monosporic type only one of the four megaspores
(formed. by the meiosis of megaspore mother cell) takes part in the female gametophyte

" development this is the most common type -among the angiosperms. In- the Bisporic typé the
‘female gametophyte is formed from two megaspores,’ All the four megaspores take part in the. -

tetrasporic type of female gametophyte ontogeny.” -
2941, Development of Monosporic Embry aco

' Maﬁcswari ,'( 1950) recognised two types,of mo oric ontogeny: 8- nucleate and 4-nucleate;

" In the 8-nucleate type, two nuclej forzd by the first division of the functional megaspore. -
‘These are designated as primary mi’c%and primary chalazal nuclei. These two nuclei divide °
“once again and form a pair at 4 ¥Subsequent (third) division forms the.8-nucleate stage
with tour nuclei each at the midy@pylar and chalazal end. By this time the embryo sac clongates

" considerably. A farge vacuole is ¥en between the two poles. This is formed by the activity of -

_endoplasmic reticulum. : ' ‘ R ' =

Fig. *29.3.” Different stages in the megagametogenesis in: Morina longifolis A, Megaspory after

post meiotic mitosis. B. Four nucleate stage. C. Eight nucleate stage. D. Older eight nu-

- cleate étage’ showing 3+2+3 distribution. E. Matire embryo sac. 1. “Synergids. ' 2. Egg. 3.

934 " Central Cell. 4. Segondéry nucleus. 5. Antipodals (After Vijayaraghavan and Sarveshwar, 1968). -



. The nuclei at eact: pole now start organising. (Fig 29.3). Three-out of four micropylar
nuclei begin to appear as cells due to the formation of partiai membranes around them. These
cells are pyriform or saccate in shape. In two of these cells the nuclei are situated towards
the micropylar side. while the chalazal end shows a vacuole. The micropylar (apical) portion
of these cells develops the filiform apparatus-a longitudinally oriented fibrous structure. These
two cells are designated as synergids. The third cell in this group is called the egg. In the egg
cell the nucleus is towards the chalazal end. The vacuole is micropylarin position. The two’
synergids and the egg are collectively called the egg apparatus. ' . '

The developmental organisation at the antipodal end shows variation. ‘Of the four niclei
three remain either nuclear or become membranous cells. They are then called antipodal nuclei
or antipodal cells. The antipodal nuclei often become polyploid due to endoduplication.

The two polar nuclei (Fourth nucleus at each end) meet more or less at the central region
of the embryo sac and fuse to form the secondary nucleus. In this process, the antipodal
polar nucleus travels towards the micropylar side and joins the other’polar nucleus. The fusion
product, the secondary nucleus, is usually located below the egg apparatus. A membrane shows
all the cell organelles. S - ' R :

" The embryo sac devélopmeﬁt _deécribed above is the most common type in the angiosperms
(80 percent of them show this) and hence is also known as the “Normal type”. It was first

described by Strasburger (1879) in Polygonum divaricatum. Hence it is also designated as
“Polygonum type”. - Co : ‘ :

" twice to form four nuclei at the micropylar end. The folgyu ei organise into egg apparatus and
a single polar nuécleus. The antipodals and the chaiemgl potar nucleus are not formed (Fig 29.4).
- This type is known as Oenothera type. So far, it @- brted only in the family Onagraceae.

In the 4- nucleate menosporic type of developm@e megaspore nucleus divides otnly

Fig.294. Diagrammatic .representation of the 4-nuciéate (Monosporic) Oenothera type of
embryo sac development, ' A. Megaspoe tetrad. .B. 2- nucleate embiyo sac, C. 4-nucleu em-
bryo sac. D. Mature enibryosac. 1. Synergids. 2. Egg. 3. Polar nucleus. 4. Egg appéra[us. .

" The biochemical nature of the different cells of female gametophyte is specific. This is
perhaps the basis for their characteristic developmental behaviour. The synergids show meagre
quantities of nucleic acids. The DNA and proteins are abundant in egg. The polar nuclei show
DNA positive reaction. RNA is abundant in the cytoplasm around the polar nuclei. Abundant
DNA, histenes and proteins,but low RNA are found in the antipodals. ' '

294.2. Development of Bisporic Embryo Sac

~ The bisporic embryo sacs resemble the m(')hoéporic type at maturity in being 8-nucleate.
Strasburger (1879) deseribed the bisporic ontogeny in Allium fistulosum for the first time.
Hence, thisis also known as “‘Allium type”. o ' . '

235



- At the end of mems:s TIin the megaspore mother cell, the dyad nucle1 arg separated by" -,. o
7 walls. Normally, chalazal cell of the dyad is functional.' The chalazal dyad cell shows the meiosis--

.* I, while the micropylar one degenerates After meiosis-TI wall formation does not take place

between the daughter nuclei of the functional dyad cell. The two, nuclei move to the apposite.

- -poles. ‘These' function as primary m1cropylar and primary antipodal megaspore nuclc1 The. + ..
: 8-nucleate stage is. achieved when. each of these nuclei undergoes two. successive: free nucléar -
mitotic divisions. The eight ‘nuclei thus formed organise into the egg apparatus; antipodals and -
" the secondary nucleus in the same manner as the' “Normal” (Polygonum) type of embryo sac.

B '_ - (Flg 29, 5)

- Flg 29 5. Dlt‘ferent stages m btsporlc. Allmm type of embryosac ontogeny in Xym (At‘ter Govmdappa, 1955)

‘ Two types of blspornc embryos sacs are recogmsed 1) When the embryo sac development' . '.

o “ta;kes place from the chalazal dyad cell it is calléd Allium type. This is the more common ¥pe in

this category. 2) When the embryo sac lS derwed from the mncropylar ceil it is ealled E’ndymcon ‘ -

: 29.4.3 Development ol‘ Tetrasporlc Embryo Sac

: Theré is a lot of vanatlon in tlus category The megaspore mother cell after meloms does:'_ o
niot show wall formation. -As a result all the four haploid nuclei remain in'the cytoplasm of

- the megaspore mother cell. This structure iscalled coenomegaspore. All the four nuclef take

236

. ‘part in the further- development and orgamsatlon of the embryo sac. In most of the tettasporic o
'_"'ontogemes, each -of the. four nuclei undergo- two mitotic divisions and form’ a lﬁ-nucleate.'
stage.” On the basis of - polarity. and organisation of these 16 nuclei three types “Pepe'mmza

type‘ “Penoeo t'ype and “Dmsa type -Of embryo %acs are recogmscd



" Before the post meiotic mitosis in the coenomegaspore, the four nuclei take different
positions. ‘Aocordingly, the three types mentioned above result: ' '

¢ The four nuclei show the 1+1+1+1 i)ositions. In this arrangement 'ihe two nuclei are placed.
- on either side and one each is found at the micropylar and chalazal ends respectively. These ‘
are known to form the Peperomia, Penaea and Plumbago types. ‘

(ii) In the second category, nuclei arrange in 1+3 manner, One nucleus is at the micropylar
end while the chalazal end has three. This arrangement leads to Druse, Fritillaria and
Plumbagella types of developmental oraganization. : : ‘

(i) The four nuclei ‘show 2+2 arrangement jtwo each at the micropylar and chalazal ends-
(c.g.Adoza type) _ S T T

The following criteria are considered in the classification of tetrasporic ontogenies. '

A. With Nuclear Flision _ '

oD Adoxa type: Mature einbryo sac resembles the Polygonum type. Onlj' one mitotic division
OCCUTS in e_a_ch; of the four nuclei in the coenomegaspore. The division occurs in each of the
four nuclei in the coenomegaspore and results in th@leat‘e condition. ' '

- 2). Plumbago type: One¢ post -meiotic divy results in the 8- nucleate condition. Thefe
" . is one egg cell at the micropylar end. T_he thr el are‘placed‘peripherally._ Four nuclei are

organised embryo sac shows three nblei €ach in four groups. The micropylar and chalazal ends

at the centre. ‘ ‘
‘ 3) Penaea type: Four nuciei i@&)eﬁmﬁegaspore divide twice and form-16 nuclei. The

show a group each, while the gL two groups are placed laterally. Four nuclei arranged at the
«centre are polars. The 'microp; roup organises into egg apparatus. ‘ '

4) Peperomia:type : 16 nuclei are fbrmed as in the prévidus type. Egg apparafus comprises

of an egg and a single synergid. & nuclei are located in the centre (Polar nuclei) and 6 nuclei
are peripheral on the chalazal end. ) T o - ‘

- 5) Drusa type: This is also 2 16-n11c1§atc type. At maturity the female gametophyte shows
a 3-celled egg apparatus, two polar nuclei and 11 antipodals. a -

'B. Without Nuclear Fusion. . _ -

At -the end of meiosis -1 a triploid nucleus i$ formed at the chalazal end of the
coenomegaspore due to the fusion of three of the four megaspore nuclei. The haploid nucleus
. .is at the micropylar end. ' ‘ S S i S
" ) Fritillaria type: The two niuclei {one hpicid and one triploid)of the coenomegaspore form -
four nuclei at each pole as a result of two mitotic divisions. The organised female gemetophyte
shows the usual.egg apparatus of three haploid. ceils. The chalazal end has .three triploid -
antipodals. The polar nuciei-are two (one haploid and one triploid). - ' -

.- 7) Plumbagella type:. The puclear fusion takes place as described above resuiting in one
haploid micropylar and one triploid chaiazal nuclei. 4-nucleate stage. is achieved by a single.
division in each of the two naclei: Two nuclei are micropylar and two are chalazal in position.. -
Of the two micropylar nuclei éne forms the egg and the other is the polar nucleus. The two

* chalazal tripioid maclei organise into an antipodal and a lower polar riucleus (Fig 29.6).- ' 237



Type

P

) Monosporic ;
8-nucleate
Polygonum type~

Moriosbo_ric
4-nucleate
QOenothera type -

f . Alliom type

" Bisporic -
§-nucleate

Tetrasporic -
lé-nucleate
Peperomia type

@ |E®

" Tetrasporic
T6-nucleate
Penaea type

.+ Tetrasporic
16-nucleate
Drusa type

_ Tetrasporic
§-nucleate
Fritillaria type

Tetrasporic
4-nucleate

' Prumbegelta type |

<Y

" Tetrdsporic
‘B-nucleate

Plumbago type

@_9

. Tetrasporic
§-nucleate

‘Adoxa type '

Flg 29 6.. Diagrams showing lmportant types of embryo sacs in Angrosperms

Check Your Progress -3

What are thc three broad types of the development of the female gamctophyte‘?

NOte. )

(t) Cqmpare your answer with the one given at the end.

{(a) Wnte your answer in the space gwen bclow



20.5. NUTRITION OF THE EMBRYO SAC

The ovular morphology suggests that nutrients enter the embryo sac through the chalazal -
end. Nutrients have to pass through the nucellus as it surrouds the embryo sac. The funicular -

strands end-at the base of the integuments. From there the nutrients pass through the nucellar
cells to the chalazal end of the embryo sac. Hypostase (a group of specilised cells) is usualty
present between the vascular supply and the chalazal end of the embryo sac. Hypostase is
involved in the transfer of food materials to the embryo sac. Its cells may be designated as
transfer cells. The entire embryo sac surface seems to absorb the nutrients from the surrounding
nucellar cells. In several taxa the embryo sac totally absorbs the surrounding nucellar tissue,
and thus comes into direct contact with the integuments. In such cases the inner layer of the
inner integument becomes glandutar. This layer is designated as endothelium OF infegumentary
- tapetum. This is supposed to draw nutrients from. the other tissues and pass onto the embryo
. sac. In some species , embryo sac is reported to grow out of the ovular tissues. It then becomes
haustorial and draws nutrients from- the ovular and carpellary tissues. v

29.6. SUMMARY

The microscope is the starting point for the development of rﬁale gametophyte. A large
- vegetative cell and small generative cell constitute the ‘male gametophyte. The generative

megaspores. The development of female gametophgle I Angiosperms is of three types, viz,,

cell divides and forms two male gametes. The me}g:Sgenesis results in a linear tetrad of

monosporic, bisporic and tetrasporic. Of these,{tbs\m poric type is the most common.

29.7. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The polien tube discharge is re te%ontain some sphericle or rod shaped refractive
bodies which shows intense st@i’ ese are catled X-bodies. : . ,

2 The anthers of HyacinthymorieMelis and ornithogalum nutans showed enlarged polilen
grains with 8 nuclei, inst showing 2 to 3 cells. These are called pollen embryo sacs.

3. The 3 broad types of the development of female gametophyte are (a) Monosporic (b)
Bisporic and (¢) Tetrasporic. - o

29.8. MODEL EXAMINATION QUESTIONS -

" I. Answer the following questiens in about 730 lines each.

. Explain the development of male gametophyte in angiosperms.

Draw illustrative figures to explain the development of female gameiophyte in anglosperms. -

1
2
3. Describe the different developmental types of female gametophyte in angiosperms
4. -Discuss the organisation bf mature embryo sac. Add a'notc on its nutrition:
1L swer the following questions in about 10 lines each.
.]. What are polien embryo sacs? - '
2. Describe briefly about the oenothera type of embryo sac development.
3. Describe briefly abdﬁt the polygonum type of embryo sac development.
4

Describe briefly about the _strucfure and-development of pollen tube.
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309. - Glossary e
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. 30. L OBJECTIVES

S s N :

) By the end of this umt you will be able t0:

L descnbe the structure: and deve!opment of pollen tube

'deﬁne syngamy and tnple fusxon ‘

'descnbe the anomalous fertlilsatlon ; .
.' descnbe the qﬁferent stages in the dcvelopment of the embryo of dlcots and monocots,
- describe the oellular,nuclcar and heloblal emdosperm, and ' :

descnbe the endosperm haustona. S

© 302, INTRODUCTION

After fertlllsatlon, the zygote dmdes and develops into the embryo "The developmcnt of

o embryo in dicots is different from the development of embnyo in monpcots. Five main types of

: embryo developmcnt was recognised by Maheswari (1950) in dicots and they . are cruc;fer type

| I-2'4"0' Asterad type, Solanad type, Cal'YOPhY“ad type, and Chenopodlad type



" The fusion p‘rod-ue:?t. of the sperm and the seéondary nucleus is called the prirﬁa;y endosperm

~ nucleus. It divides arid gives rise to the endosperm.. The major types of endosperm development
are cellular type, Nuclear type and Helobial type. : : R '

/303, FERTILIZATION

Fusion of male and female gametes is.catled ,fér_tilization. It is found in all the sexdally

reproducing plants. In gymnosperms only one sperm in the pollen fube is utilized in syngamy

while the other degenerates (single fertilization), In angiosperms the process is called (double

fertilization). Here, both the sperms are utilized in. fusion - one with the egg cell and the other -

with the two polar nuclei. Since the fusion here irivolves two polar nuclei and one sperm it is
called " triple fusion”. The product of trjplgf.fusion‘is the primary endosperm nucleus.

7  The potlen grain germinates on the étigr_nat_ié_ "Surf.ac_:e and the pdllen ﬁibe passes thrbugh'

the style and ultimately enters the ovule. The length of the polten tube depends on the distance
between the stigma and ovules (Fig. 30.1) Nawaschia and Guignard discovered the process of
double fertilization independently in 1898, - . v ' :

\ERRNT o
S wenit ey Fase AN
SAIAR L )

i ‘@%@'{ﬁ 1 anee eﬁ‘;‘fﬂf"’"’f'
"‘Qi 'ﬂ‘l}.‘ lli"‘il{l“s&‘&g ) .u:h
e T LAY I i
:F 1,c\'\“grl?hlﬁﬂi‘lﬂ‘.?-*‘%fﬂ', ¥
VAR EE] ‘H]gmh{]. g\:‘ (CYS "
tht Wy S Mgl
! vy rl}.&-- i
' e wl,

b )

ol

- Fig. 30.1: Stigma of ‘Peiunis hyé:;ida"}ust before po]linatiori. 1. Central cav-
ity. 2. Stigmatic exudate.’ 3. Epidermis. 4. Papilla¢, 5. Sccretory zone
6. Siorage zone. 7. Vascular trace. 8. Stigmatoid . tissue (After R.N. Konar). -

303.1. Structure and Devélopment of Polien Tube .~ =
- Germihation of poll«&:n grain after__pptliﬁaﬁon r\eqhirés‘:so:m:t: ‘ti‘me'. In herbaceous taxa,pollen

‘grain germination starts;earlier th%i_'n i;ﬁit’hq_.woody trees. I_:jﬁcrent_pqllen viability, stigmatic
compatihility and external factors such as light and temperature also have a significant influence

on polien germination. -Stigmatic secretions help in catching the pollen grains and also their -

germination. ‘ :

The pollen tube emerges. through the germ pore. Normally, only one tube grows out in

- a pollen grain. Tn Malvaceag and Cocurbitaceae many pollen tibes emerge from the various
germ pores, but only oz of them carries the sperms 1o the ovule. The pollen tube tip (47 p*
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carries the entire contents of the pollen grain. This is the real growmg reglon A callose plug
separates this region from the.other region. The pollen tube wall is cellulosic. The cytoplasm of -

the pollen tube tip has several cnzymes like amytases, 1nvertases phosphatases pectinases and
 lipases (Flg 30. 2)

" Fig. 30.2. Pollen tube of Lilium s
chemical constituents as revealed

cytochemicaf tests. 1. Lipid. 2. Starch. 3.
Proteins and mitochondria. accharides. 5. RNA (Adopted from rosen, 1964). .
Histological nature of style de es the further course of growth in the pollen tube. In
the Open type of styles, lined with a andular transmitting tissue, the pollen tubes show '

_ ]-'-‘lg 303 CIosed LA, B) and Open (C D) types of stylc AC 'I‘ransverse .
242 : Sccnons B;D. Longltudlnal sections 1, Pollcn tubc 2 Transmlttmg tissue.

)



ectotropic growth (e.g. :Eiliu'm.). The pollen tube grows between the rudimentary cells of the
transmitting tissue in the half closed styles (eg. Artabotrys). In closed styles the pollen tube
. grows in between the cells and passes down the stylar tissue. If the tube is broad it has to make
its way by destroying the cells (e.g., Gossypium, Datura} (Fig.30.3).

Ultimately the pollen tube comes into the funicular tissue after passing through the locule
and placental surface. Then it enters the micropyle. This_is called porogamy. In some (e.g.
_Casuarinacege, Betulaceae) polien tube enters through the chalaza. This is called chalazogamy
' (Fig.30.4.A). Another method of pollen tube entry is known as mesogamy (30.4.C). Here the
‘polien tube enters the ovule through the funiculus (e.g. Pistacia} of through the integuments -
(e.g., Cucurbite) (Fig.30.4.B). e

Fig. 30.4. Modes of pollen tube en 0 [hgovu]e. a. Porogamy. B. Chalazogamy. C. Mesogamy.

Pollen tube enters into thg/Elkryo sac through the micropylar end where the egg apparatus
“is situated.- At the time of ely,/(a) it may enter in between the egg and one of the two
synergids, or (b) it may enter between the embryo sac wall and one of the synergids, or {c} it
enters directly into the synergids. Generally, the pollen tube contents are discharged into the
synergid. The pollen tube growth stops at this stage. The pollen tube secretes pectinase and
dissolves the embryo sac membrane at the time of entry.

-30.3.2. Contents. of the Pollen Tube Discharge

Fig. 30.5. Pollen tube entry. A. Entry into onc of the syneigids, B. Release of its contents into
the synergid. C. Movement of the male gametes towards their destination. 1. Pollen tube. 2.
Filiform apparatus. 3. Egg. 4. Secondary nucleus. 5. Male gametes (Adopted from Jenson, 1973).
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After the pollen tube entry into the embryo sac one or both the synergrds -are damaged
Electron microscope studies, however, have revealed that the synergid that receives the pollen
tube degenerates even before the pollen tube entry (Fig. 30. 5) . :

The potlen tube enters through the filiform-end and growth stops as soon as it reaches the. '
synergid cytoplasm. The pollen tube contents are discharged through a sub apical pore into the
degenerating synergld cytoplasm The | pore is plugged after the discharge. From the discharge ' -
the two sperms, corne out through' anothér opening “formed at thé base of the synergrd 'Ihe '
“second- synerg1d may remam unaffected even after fertrhzatron . :

30.3.3. Syngamy and Tnple Fusron

Syngamy and trrple fusion are the two steps in the process of double fernhzatron (Nawaschm, "

:_1898) a phenomenon umque to angrosperms :

The sperms from the polien tube dlscharge are membrane bound with’ hyalme cytoplasm !

- Until fusion the : sperm nucler show telophasrc plcture They reach the egg “and secondary nucleus .
in an autonomous manner : _ '

On the basis of hght mlCI'OSCOplC studres two stages of fusron- Plasmogamy and Karyogamy o
- were suggested Ultrastructural investigations, however, did not conflrm the plasmogamy -

' Sperm nucleus alone zs mvolved in fusron but not 1ts cytoflasm o,

Syngamy is the fusmn between the egg and sperm At thlS stage the nucleus and
ucleolus of egg enlarge. Sperm nucleus also shoy argement. Both these nuclei show low
DNA. levels. Mutual attraction. between- these t clei is said to be-brought about by a -
- difference in their electrical charge. - , : ‘ o Lo

_ Double fertlllzanon involves the- abetween the second sperm nucleus and the two
polar nuclei (or their fusion prodygt- sedgndary nucleus) As fusion of three nueler is seen, it
. is called the’ trlple fusion. Tnple@ precedes syngamy - N . . o

!

30.3 4. Anomalous Fertrlrzation

_ Polyspermy When more than two sperms are found in any embryo sac’ the 51tuat10n is _' '
described as polyspermous . This may arise either due to. occurrence of more than two sperms
in a polien tube or due to entry of more than one pollen tube i in-an embryo sac.- This may lead

to the fertilization of an egg by more than oné-sperm. The extra sperms may also fuse with

synergid or antipodal cells. Heterofertilization ie., fusion. of sperms from different pollen tubes
with the egg and secondary nucleus may also occur under such c1rcumstances - :

, Branchlng of the Pollen Tubes and therr Persrstency Thrs is another abnormal feature o
‘in fertilization. In the usual circumstances the pollen tube (which_is unbranched throughout) .

degenerates: after fertilization. Sometimes, the pollen tubes persist for along period . Occasionally,
the pollen tube ‘tip branches (e.g., Cucurbita). Branc‘hlng may eccur in the style or in the micropyle.
In some (e g Spmach) the pollen tube branctung may take. place after fertilization (ers, 1974)

_ Check_ ‘Yo_ur P—rogress 1, 2-& 3 ‘
1 W'hat‘is the 'difference .bet;ween por—ogamy & Cha‘l_aaogamy ?
2 What is syngamy & trrple fusron ?

244 3. What is polyspermy" A B



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

. (B) .Compare your answers with those given at the end of this unit.’
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30.4. DEVELOPMENT OF EMBRYO (EMBRYOGENY)

~" . Syngamy ﬁ;oduces the zygote. The zygote .‘ in a highly organised and predefermined
manner and develops into a mature-embryo. Dur bryogenesis physiological and biochemical
factors interact with genetic control Iand-dee the developmental pattern, o

The zygote, to start with, show%!facmies in its upper region. Gradually, the vacuoles
disappear and the cytoplasm s omogeneous. Before the first division, vacuoles may-
reappear throughout the cell. We Jesting period of zygote is variable in different species. The

 zygote shows polarity. It.is an ov8 d cell which is tapered at the micropylar end. The antipodal

end has the nucleus. There is a vacuole at the .micropylar pole. The organellés are found
surrounding the nucleus. The ER is closely placed along the plasma membrane. Thus; there
is a histological diversity between the two poles of the zygote. This is of significance in the
development of embryo. ' ‘ ' R

~ The zygote undergoes the fifst division in a transverse manner in most of the angiosperms.
The two cells are conventionally called apical cell, ca (towards the antipodal pole) and basal
cell, ¢b (towards the micropylar pole). The basal cell is larger. The early embryogenesis does

* not show any differences in the dicots and monocots. At the time of the initiation of the
cotyledon(s} and shoot apex (plumule) the differences start, '

30.4.1. Proembryo‘ _

The. early phase of embryogeny (from the 2-celled stage to the embryonal organogenesis) is
called proembryo stage. The basal cell, cb, may undergo a transverse division'and the daughter
cells are designated.as m and ci. The division in ca may be vertical or transverse. Accordingly,
the 4-celled proembryo may be T-shaped or linear. The . linear proembryo produces an ociant
by two vertical divisions at right angles to each other in each of the two daughter cells (1, 1) of
ca. The Octant has four cells in two superposed tiers. The T-shaped embryo also produces a
similar octant by undergoing one transverse anid one vertical division. It can also be a different
type of octant where all the eight cefls may be in one tier (g). Here there are four central cells 9=



surrounded by four peripheral cells. The future ontogenetlc pattem of the vanous octant cells
.are determined at the is stage (Fig.30.6). - : :

S

Flg 30, 6 Formauon of two d1fferent types of octants Transverse sectlons are gwen on the extreme (After Swamy, 1962)
. F - -

30. 4.2 Embryo Development in chotyledons

i
Maheshwan (1950) recogmsed five main types of embryogeny in d1cotyledons on the basis
.of the followng criteria: (a) Plarie of division in the apical cell. (b) Role of ca and c¢b (basal
cell) in the development and orgamsatlon of embryo

The five types of Maheshwarl (1950) are as follows:

1. In-the 2-celled proembryo the ap1cal cell undergoes a vertncal dmswn

. a) In the subsequent embryogene51s the role of the basal cell is 1n51gn1ﬁcant or none- Cricifer
" type or Onagrad type (Onagraeeae Cruciferae, Annonaceae, Ranunculaceae Pedaliaceae,
Scrophulanaceae) : : : '

b) Both the aplcal and hasal cells are respon51ble for the development of embtyo- Asterad
type (Balsammaoeae. Vitaceae, Composuae Vlolaceae) :

I.I “In the 2-celled proembryo the aplcal cell undergoes a transverse dmsnon .

9 46 L In the subsequcnt developme':t of embryo basal oell has only a minor role to play



¢) A suspensor is formed by the basal cell-Solenad type (Campanulaceae, Theacéacf,
Linaceae,, Solanaceae). :

d) No divisions occur in the basai_ cell. If the suspensor is present, it is derived from the
apical cell only - Caryophylled type (Crassulaceae, Caryophyllaceae, Haloragaceae)

2. e) Both the apical (ca) and basal (cb) cells contribute to the embryo development -
Chenopodiad type (Chenopodiaceae, Boraginaceae). '

Johason (1950) proposed a sixth type the Piperad type. Here the zygote divides vertically
(e.g. Loranthaceae, Piperaceac) : T _

Crucifer type: As an example of the development of embryo in the dicotylcdon$ the enibrydgeny '
of Capsella bursa-pastoris which belongs to the crucifer type is described below. .

The zygote undergoes the first division transversely forming basal (¢b) and a terminal {ca}
cell. A four celled inverted T- shaped proembryo is produced by a transverse division in c¢b and
a longitudinal division in ce. Both the terminal.cells divide vertically at right angles to the first
wall and produce a quadrant. The quadrant cells now form an octant by transverse division.
Out of the eight cells in the octant the lower four initiate the plumule and cotyledons.

Fig. 30.7. Different stages in the development of embryo inCapsella bursa pa,qtoﬁs (After Souges, 1914, 1919).'

The upper four give rise to the hypocotyl. At this stage all the .octant cells undergo a periclinal
. division. The outer cells constitute the dermatogen. The inner derivatives divide further and” 947
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form the mmals of perlblem and plerome In the meantlme the upper two cells (cr. and cm.) of -
the four celled proembryo undergo fransverse division and form a suspensor of 6-10 cells. The -
upper cell (v} of the suspensor gets swollen to function as haustorium. The. lowest cell (k) is
the hypophysis. Subsequently the hypophysis cell (h) undergoes transverse division. The two
daughter cells divide twice by, walls'at right angles to each other forming eight cells. Of these,

the initials of root cortex are formed from the lower four cells Root cap and root epldermrs o
-are formed:from the upper four cells (Fig. 30 7) ) " -

Srmultaneously, the: celis in the embryo proper dmde further ’Ihe d1v1s1ons are. more at

_ 'two points .in the lower tier which would form the cotyledons. At this stage a heart shaped
embryo is produced The elongation of the hypocotyl and cotyledons takes place by the division

of their initials which are mostly transverse. The cotyledons durmg further development bend'

\

e _and the embryo becomes horse -shoe’ shaped (Frg 30 8)
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Flg 308. Older stages in the development of rhe embryo of Gupsella bm‘sa-paatoﬂs (After Schaffner)

30.4.3. Embryo Development in, Monocotyledones

The embryogeny of Na.yas Iaumta whrch was worked out by Swamy and Lakshmanan (1962)

is descnbed below asan. 1llustrat10n of embryo development 1n the monocotyledones. ‘

B

The zygote dwrdes transversely formmg a larger basal ceéll (cb)-and a small terminal cell

{ca).. The basal cell forms a large one-celled haustorium without undergoing any division. The -
- terminal cell {ca, ) divides and forms the entire embryo.  This (ca) undergoes a transverse division
"formmg ¢ -and. d and d. undergoes one rmore transverse division. Thus, a four celled (c, m, ct
. and cb) proembryo is produced. ¢ and m divide twice verticatly, Now, two superposed 4-celled -
-tiers,- ¢ and: m. are formed ¢t divides transversely and forms n ‘and nk.

vertical and ! 2 transverse division formmg two cells, o and P Agam ? dmdes ina transverse
. manner and gives rise to two cells, k.and s.

' Then, n undergoes a

!



At this stage, a perictinal division occurs in all the quadrant cells. This results in the
formation of four peripheral cells which initiate the dermatogen. These encircle the four central
cells: The entire tier m divides twice vertically and transversely. m is now in two tiers. The
embryo at this stage is almost spherical. Now, the proembryo starts to elongate as the m and
n tiers divide transversely. The embryo-now appears: ovoid. Plerome initials now differentiate
from ¢,-m and n tiers. : y -

Of the eight cells in g, four are central and four are peripheral.' Three central celis divide
faster than the fourth. Proembryonal symmetry is now altered. The tip of the proembryo now
shows a notch.. The fast growing cells of g organise the single cotyledon. Epicotyl is formed
from the derivatives of the slowly dividing fourth cell ¢. The derivative cells from = form the
radicle. Ontogenetically the cotyledon and epicotyl are terminal structures. :

. The hemispherical terminal cell of the filamentous proembryo is rightly the centre of
initiation of the shoot apex. In'monocots half or three fourths of the potential of the embryonic
shoot apex is engaged in the development of cotyledon. The remaining is used in the formation
of epicotyl. This is the cylindrical mature_ cotyledon in monocots, The important aspect of
monocot embryogenesis is that the loci for the epicotyl and cotyledon are in the same tier and

‘located mutually adjacent to each other. Both these are terminal on the axis of the embryd.
“Therefore, the earlier concepts that the epicotyl is lateral and. cotyledon is terminal does not
stand to this evidence (Fig.30.9). ) LT : |

Fig. 30.9. Development of embryo'in Najas lacerata (After Swamy & Lakshthanan, 1962) -
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. CheckYour Progress 4 e , o
' Llst out the five types of embryogeny recogmsed by Maheswan in DlEOtS

Note' (a) Wnte your answer in. the space glven below

(b) Compare your answer w1th the one glven at the end of th]S umt

',’_530.5 DEVELOPMENT OF ENDOSPERM

oo The: pnmary endospenh nucleus (the fusmn product of &' sperm and the secondary nucleus)‘-r S
) '-__d1v1des toform nuéléi or-cells ‘which ‘are ‘called endosperm 1t is’ the nuritional source for.
'the embryo ‘In the gymnosperms the endosperm is haplo:d “The female gametophyte inthe
5 _gymnospcrms continues as endosperm after fertilization. In the angiosperms all the threé nuclexj- Y
- “aie ‘haploid. and the fusion product: of triple. fusion is, etefore triploid. * In' some' families .
- of angiosperms (Orchldaceae, Podostemaceae ‘and Tiapadeac) - the endosperm formiation is S
~ suppressed. The seeds in- angiosperms are classified: as Sggspermous. or non- endosl)ermous B
~If the. developirig- embryo. consumes cndosperm Pisum sativim) the seeds bécome non--;
L endospermous ‘When' the’ endosperm remams p‘_ gnt, the seeds are ca!led endospermous

g This is usejd_ by;_the{ei_;ribmyg,_dm_'ing se‘ed_ger 0g ' _ . :

vclopment n @Pe. 5 is °f thfeﬂ tYPCS nuclear cellu]ar he,oblal B
! rm in d:cors ither ab mlt;o cellular or ab mztw mu:lear B A

The endosper

In the ab nitio- cellular type when the primary. endosperm nucleus:undergees the fxrst . L
:d1v1smn 1t 1s accompanled by cytokmesm cell-wall torm : :




the first and subéequcnt giv sions of the primary endosperm nucleus are un-accompanied by
‘wall formation. The cell w:ils are formed and the cell divisions are followed at later stage in
the nuclear ontogeny. Ultimately this endosperm is not distinguishable from the cellular type
(Fig. 3{} 10}.

The endosperm developmcnt in the monocotyledons is nuclear or heloblal type In the
“helobial ontogeny the primary endosperm nucleus moves to the antipodal end and divides in
situ. The first division is immediately followed by a wall resulting in a large micropylar and a
small chalazal cell. In the micropylar cell the other divisions are nuclear. Tlhe chalazal cell may
or may not divide. If it dwrdes he lelSlOIlS are few. y

36. 5.2 Nuclear EndosPerm

In the nuclear endosperm devclopment the free nuclear perlocl is dlfferent in different taxa.
In some plants (e.g. Coffea) walls appear at the 4-nuclear stage. The wall formation in many
free nuclear taxa is delayed until many nuclei are formed. The free nuclei are enveloped in a
* cytoplasmic sheath.” In some species the endosperm remains nuclear. The cellular phase does
not appear (Fig. 30. 11) '

y 3
") 5 ‘..

i "OU"D J -

Fig. 30.11. Wall formatlon ina nualear endusPerm A. Wall formauon in centnpetal directions,
B. Wail formation l'rom bolh the: poles towards the centre. C.wall formatron in'the chalazal dlrcctlon

Alfter fertilizatio_'ﬁ "the_ embryo sac sdes quick.ehlargerﬁent. }Th_e firct few nuclear divisions
are sy'rchronou's The free nuclei then bécome peripheral. The free nuclei and the encircled -
cytoplasmic sheath keep pace. With the i mcreasmg size of the embryo- sac. The growing region of
the embryo sac shows fastér rate of drvrsron in the endOSperm nuclel The number of endosperm
nuclei increases in the chalazal dlrectron - : .

30.5.3. Heloblal, Eu_docperm'_.'
The:-followirig are the importazit feulurcs of this type:

The primary endospeim nucieus divides in sitw after it comes to the chalazal end near the
antipodals. Wall formation takes place producing d large micropylar and a smaller chalazal cell.
The chalazal cell is densely cytoplasmic and deep staining. ‘Before -dividing, the fucieus in the
micropylar daughter cell moves away. The first few divisions are essentially free nuclear wall

formation is much delayed if at all 1t occurs. (Fig, 30.12). e 951
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Flg 30.12. Ontogenetlc vanar.lons in hcloblal endosperm (Afler Swamy & Parameswaram, 1963)

ly or in combmatlon) is reported"
ted in the dleotyledones so far.

Heloblal endosperm along wnth the nuclear type (e '_ usi

30.5. 4. Endosperm Haustoria

merpho-histologic organisation distin he remaining endosperm. ‘Presumably they help
in the nutrltlon of the embryo an ey are supposed to be haustonal in fl.lﬂCt!OIl '

Endosperm oecasnonally produce%ml?: ctures at the embryo sac pole(s) These have
ed

;g%;\:*
3 agj’—
: <3 ﬁ’r'-.’f

Co Flg 30 14 Dcvelopmem of cndosperm haustorlum in Cnnajem rhecm A ma{urc fcmale o
gametophytc w:th ncxghbourmg tissue. . B.- Bmbryo sac after - fertilisation - segmentsd, into “mii-.

S0 cropylar. an_d chalazal chambers. . C. Early stage .in the development of-cellutar _cr_lgospeljm _ln_ .

. the micropylar chamber and the elongation of . the haustdria[-;eell. .D.'Same at alater stage. . ... .



Haustoria in Nucléar Endosperm : Free nuclear divisions in the chalazal 'regi'on' are fastef, '

" hence, the greater density of nuclei and cytoplasm in this-part. Polyploid nuclei are also formed
in the rapidly dividing nuclei when some adjacent spindles. fuse. DNA. control and metabolic
Tate also increase due to this. Thus, the chalazal part is considered haustorial.in nature. The

micropylar part, in contrast, is poorly organised with no haustorial organizati_dn. Coenocytic

haustorial structures are formed in Leguminosae, Cucurbitaceae, Proteaceae etc.

Haustoria in Helobial Endosperni : As mentioned earlier the nucleus of the basal apparafus is
hypertrophied. At a later stage this nucleus shows repeated endomitotic divisions as in - ther

haustorial cells. The nucleus becomes lobed and the nucleous is fragmented. The lobe are-

sometimes pinched off and appear like nuclei. The cytoplasm of the basal apparatus is dense,
deep . stained with vacuoles of various sizes dispersed haphazardly. In the coenocytic basal

apparatus, the nuclei are hypertrophied. Endoduplication of chromosomes takes place in these -

nuclei. Thus, this.cell is structurally and functionally haustorial in nature. h

Haustoria in Cellular Endosperm ;A derivative cell from the first division of primary cndospemi

nucleus might function as haustorium. This is the simplest type. In the cellular endosperm -

haustoria are reported in Opilia amentacea (Swamy and Dyanand Rao, 1963) Canspera rhedi
(Swamay 1960). Impatiens leschenouliii (Narayana, 1965) etc. In these taxa the haustoria ramify
and proliferate through the intercellular s_pacé (Fig. 30.13; 30.14).

L@

“ A .
pIsice

=3
07
7

2sespns!
L7253

s
B!

AT
S
=

3
-
o e va AN

an
=
LY
(L
a7 b
LIS
e
e,

Y
L]
)

)
(7

-
1y
%
B2
-

-
X
R
Yo

3
0

5 05 g A
] :.:
3

e
L X7
Sy

-
S
|/
.
W

-
-
.ﬁ{\
.
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30.5.5. Endosperm Functron R

Errdosperm contams growth regulators and nutnents. The. controlled development ofi_"

zygote to embryg is regulated by the endosperni. Seed _germination and seedling growth’ are- . e
- controtled by the: endosperm in the: albuminous:seeds. Various substances like ¢arbohydrates, ool

" proteins: and fats, enzymes, vrtamms, growth régulators etc., are formed inthe’ endosperm Many -
" ‘growth regulators like IAA, GA, nicotinic acid, xanthine, chlorogenic acid,- hexitols, purine like
*compounds, indol pyrvic, 1,3- dipyhenyl urea, several amino acids, leucoanthocyanms etc., have

been.isolated from the endosperm All. these substances mteract W1th the growmg embryo and' ) ST

- cause its’ development

” "30,6 SUMMARY

_ The process of fertrhzatron mvolvmg gametrc fusron results in the zygote After a protracted- R -
'penod of rest, the zygote devélops into an'embiyo: There are five typés-of embryo development i
- dicotyledons, viz., Crucifer; Astérad, Solanad, Caryophyltad, and Chenopodiad: The development.' R

. of embryo in monocots drffers from that’ of drcots from the octant stage onwards

Developmentally, the endosperm is of three types viz., nuclear cellular and heloblal

' '30.7 CHECK YOUR PROGRESS MODEL ANSWERS

; 1 In porogamy the pollen tube enters the ovule through t -
_—-__1t enters through chalaza D . o

-2, Syngamy is the fusion between egg and sperm n @ d tnple fusmn is the fusmnbetween" o
: the second sperm nuclelus and two polar nuclel ’ Ce e : .

"% '- The occurence of more than 2 sperms i an_ “ ryo sac is called polyspermy

. '4_. The flVC types of embiyogeny recog 'Maheshwarl dre: (a) crucrfer type or onagrad
_type (b) Asterad type (c)'solana Caryophyllad type and (e) Chenopod1ad type

308 MODEL EXAMIN \' IOI QUESTIONS

I Answer the t‘ollo\wng quest:ons m_about 39 lmes each R

1 Mentron the types of embryo development in the drcotyledons Illustrate the crucrfer:
type of embryogenesrs - S . .

: _:.2,' "Drscuss the srgmflcant features of embryo development in monocots

and helobral endosperml '

3 lee an lllustratlve aocount ‘of- cellular nucle 13

4, Descrlbe the dlfferent steps in the fertllrsatlon process

' : _ II Answer the following questlons m about 10 Imes eaeh
-'.fll Descrlbe the structure and development of pollen tube S T
l '2 Wnte brtet‘ly about syngamy and tnple fusron .

T Wnte brreﬂy about cellular endosperm '7 E R

Wrrte brreﬂy about nuclear endosperm L

- erte brletly about helobral endosperm

°~v=e

.- 254 *Bnefly descrrbe the endosperm ,,austoria. . ) .

mlcropyie and in chalazogamy' '



309. GLOSSARY

Antipodals

- Archesporium -
Bisporic embryo sac
Chalaza
Chal'a-zogarily

Coenomegaspore
Coplus .

Double fertilization
Egg' apparatus .-

Exine
Embryo sac
. Endexing

Endomitosis

'Endotheiium

' Filiform apparatus
Funicle -
Hypophysis
Bypostage

- Integument
© Intine ~

Micropyie

' 'TheSc‘are‘ cells or nuclei present at the chalazal end )
"~ of the embryo sac in angiosperms. :

A group of hypodermal cells that divide penclmally- '
- and forin a primary parietal layer outside and primary

sporogenous layer on the i inner side,

.Embxyosac developmg from two megaspore nuclei

. The lower (basal) part of the ovule of the vicinity of

the funicle.”

| 'Entry of pollen tube into the chalaza through the

raphe durmg fertilization.

: Iti is a cell with four free megaspoi'e'nuclei. '
A meridional furrow of the pollen grain.

“The fusion of two sperm nuclei separately with the

egg (syngamy) ang the secondary embryo sac nucleus
(triple fusmn) .

A group ree cells, two of them representing -
-synergid e third the egg at the micropylar end -

0 sdc.

iter part of the exine. Ektexme ‘has three
ectum, columella and foot Iayer

e fcmale gametophyte found in the seed lants. A

typical embryo sac shows an egg appartus, a secondary
_,raucleus {or polar nuclei) ‘and antipodals.

: I.nner part of the exine.

A nuciear division within the nuclear membrane

A!so known asmtegumentary tapetum. This isderived

form the inner layer (inner epidermis) of the i 1ntegument 7

and is in direct contact with embryo sac.

A stmcturc. deveioped on the synergids

’ "I"ne ovular stalk’ connectmg the ovule to the placenta

or the ov. ary wall

"One or a tler of 2-4 specxahsed cells mmated at the
, radicular xegion of the proembryo -

A group of hist!ogically different cells in thc chalazal'

- vegion af the pomt of ongm of mteguments
- Ovular ('nvciope - _ '

Tt is the inner wall of the pblien' grain.

A po re Iike opcnmg in thc mtegument’s at the free
end of the ovule.

255



Monosporic S ' : Dcvelopment of embryo sac from only one megaspore

(normally the chalazal) of the megasporc tetrad. -

Owule . . o qtis thc mtegumented megasporanglum of the seed'-

. plants

- Por.og.'_mly_-. SRS T e Entry of pollen tube into the cmbryo sac through thej.-'

: _-mlcropyle durmg fertlhzatlon

‘Syngamy - - R i Fusnon of a sperm with the egg nucleus

Tapetum - o o A specnahscd nutntlvc layer of cells surroundmg the-r.'_ -

c sporogcnous tlssue

Tetraspori?.' : o L .: . Embryo sac developmg from all the four mcgaspore‘ E

LR e e '--nuclel of the : mcgaspore

. Ti'ip‘le_fusinn . _ ¥ '“Fusmn of thc second sperm nucleus W1th the polar

i nucleior the secondary nucleus during doublc fertilization.-
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BOTANY
COURSE 1 SEED PLANTS
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- SYLLABUS
Block-1 : Gymnosperms )
Unit-1 S General characters and classnﬁcatlon of Gymnosperms
Unit-2 :  Pinus
Unit-3 : Gnetum .
"Unit-4 ‘: Fossﬂ Gymnosperms Lygmoptens & Wllhamsoma
Block-II : Plant Anatomy '
Unit-s . @ The cell wall
‘Unit-¢  Meristems ,
Unit-7 - :  Simple tissues , \
Unit-8 ¢ Complex tissues and Tissues @s
Unit9 Secondary growth in diﬁm and root

Unit—lO i Anamalous sgcond gr
‘Block-II - . :  Taxonomy %‘

Unit-13 . .'Magnoliaccz%-, o
Unit-14 :  Brassic [Chuciferae]

- Unit-15 ot Malvace
Unit-16 . "t Rutaceae 7 ‘
Unit-17 ;  Fabaceae [Leguminosae] .
Unit-18 - :  Apiaceae [Umbelliferae]
Unit19  :  Rubiaceae '.
Unit-20 : Asteraceac [Compositae]
Unit-21 . - Asclepiadacéae
- Unit-22 - :  Solanaceae
Unit-23 Co Lamiaceae [Labiatae]
Unit-24 :  Loranthaceae -
Unit-25 - :  Fuphorbiaceae
Unit-26 : Orchidaceae
Unit-27 . Arecaceae [Palmae]
Unit28  :  Poaceae [Grétmineae]. ‘
Block-IV : Embryology T Hoee
Unit-29 o Development of Maje and Female Gametophytcs
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L DR n.n.aunnnm OPEN vﬁrvsnsmr
- FACULTY OF SCIENCES
| MODEL; -QUES'll‘ION PAPER o
SECOND YEAR ( 3 YEARS DEGREE COURSE) EXAMIN;TION

" COURSE - 2 : SEED PLANTS_ .

TIME: 3 Hours ~~*©+7 " 7o e ol st s sl Mgy, Miarks 75,

. comient upon its xerophytic characters. . N
2. Describe the structure of drfferent ‘types of mechan' al Bigsues fi

* Explain the development of male g

_ SECTION A .
Answer any. three of the fol!owmg que"t'ons

Each questron carries '15 arks_

Answer the followmg in about 30 lmes each

Draw a well ]abelled dlagram and describe the. mternal structure of the needle of pm and_

ansWert with reference to some =

3, ‘What is annamolous secondary growth‘? Illus 'y_
fornis you have studied.. . s _ o o
- 4, Write- an account of the clasmﬁcatlon of &:& & Hooker o ; e
&

hyte :in anglosperms

) @ECTION B , : -: B 17. ::jf: .

Answer the three of. the E"ollowmg questlons

. Write about the econemic importan QOf vaceae Solanaceae Arecaceae and Poaoeae; -

Marks 5x6=30

: Each questlon earnes 6 marks

Answer the followmg in about 10 hnes each

Write brreﬁy about the Sporne s system of clas&ﬁcahon

8. ,-erte about the ovule of Gnetum '

- Write about the _'-'Bio'nomial Nomenelamre";

What are pollen embryo sacs’?

9.- Write bneﬂy about "Hlstogen 'I‘heory
10.
1
12,
13
4
15,
16,

“'Write about patenchyma..

Descnbe bneﬂy about the various components of epldermls

* Write about the floral structure of Lamiaceae.

Write about the "Taxoriomic Ranks"_.' -.

Write. bneﬂy about syngamy and trlple fus1on o -

ey . ot
boe
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D:. B.R.AMBEDKAR OPEN UNIVERSITY
UNDERGRADUATE COURSE-I YEAR
SUBJECT : BOTANY
COURSE - 2 : SEED PLANTS
 ASSIGNMENT NO.1

Do not copy the answer directly from any of the books. _
As far as possible try to answer the questions independently in your own words. -

Use your own foolscap pages for writing the assngnments

o

. Leave sufficient margin for the comments of the evaluator,

N.B
1
2
" 3. Ifit is necessary to quote from any source give the corrcct refercnce
4
5
6

Qompleuon of this as31gnmcnt normally should not takc more than two hours time,

L
T

" L. Answer the following questions in abo_{li: 30 linﬁO
1. Draw awell labelled di;igram and 'dehe internal structure of the needle of pinus-
C . :

K.‘omment ugon its xerophytic chara
2. Describe the ‘development o: malgametophyte in Gnetum.

3. 'Write an account of williat€onla.

1L Answer the fbllowing- que@ in about 19 lines each.

4. Write briefly about the sporne’s system of classfication of Gymnosperms.
5. 'Write briefly about the economic importance of Gymﬁos;i_erms.

" 6. Write briefly about Crossotheca. -
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~ Dr. B.R.Ambedkar Open University
" UNDERGRADUATE COURSES Il YEAR
SUBJECT : BOTANY
'COURSE - 2 : SEED PLANTS
A ASSIGNMENT NO. 2

B - o

Do not copy'thé answer directly from any of the books.

As far as possible try to answer the quéstions independently in your own words.

If it is necessary to quote from any source give the coirect reference.

Use your own foolscap pages for writing the assignments.

Leave sufficient margin for the comments of the evaluator. _

Compleﬁon of this assignment normally should not take more than two hours time.

-

I Answer the following questions in about 30 li_neo

1. What are ‘the various theories conce@hc apical meristems? explain them.

2. Describe briefly different types le tissues encountered in the plant body.

3. Give an account of the v@‘omponents of the plant epidermis.
IL. Answer the folwing ques@n about 10 lines. |

4. Give a brief account of the secondary growth in a typical didtyledonous stem.
5. What are leticifers? Give an account of the types of laticifers. . : s

6. Describe briefly the various elements of phloem.
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Dr. B.R.AmbedkarOPEN UNIVERSITY
UNDERGRADUATE COURSE-II YEAR
'SUBJECT: BOTANY - .
COURSE - 2 : SEED PLANTS
 ASSIGNMENT NO 3

Do not copy the' answer directly from any of the books. -

As far as possﬂ:ole try to answer the questions -independently i in your own words.
If it is necessary to quote from any. source give the correct reference.

Use your own foolscap pages for Wntmg the a531gnments

Leave sufficient margin for the comments of the evaluator

p\swr.hsnsox—-‘.z

Completlon of thls ass;gnment normally should not take more than two hours time.

L Answer the following questions in about 30 ,line&b

1. 'Write an accbunt.'-of thé:classiﬁcatiocntham & Hooker.
2. Compare & concrast the 3 sub% of'Eabaccae. ‘
3. ) Writé about the floral cl‘@u@ apd etohomicimpbrtancc of poaoéae.. |
H. Answer thé. t‘{_)llowing qu@ in aboqt’ 10 lines. '-
4, : Givc én account of the ecoenomic im;;ortancé of Brassioace;e

5. Write bneﬂy about the poilination meuhamsm in Asclepladaceae

0. Wnte briefly about syngamy and tnpple fusmn
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