GYMNOSPERMS




Uttar Pradesh

Block

1

GYMNOSPERMS

UGBY -02

' Rajarshi Tandon Open Upiversity PLANT DIVERSITY 11

UNIT.1

Introduction of Gymnesperms

UNIT 2

" Cycadopsida : Cycas

28

UNIT 3

Coniferopsida; Pinus

46

UNIT 4

Gnuetopsida : Ephedra and Gnetum

68

UNIT 5

Economic Importance of Gymnosperms

106

1al
[ "

RIS T ]r'ﬁ T



COURSE INTRODUCTION

Some kind of awareness of the diversity of plants must be almost as old as mankind.
Experience iaught early men how to distinguish plants that were wholesome or benign from
those that were poisonous or injurious. Through trial and error, he must have gradually
realised that plants not only raised in their utility, but also in seasonal occurrence and
distribution. After man learnt how to cultivate useful plants at one place rather than move
around gathering or hunting, the discovery of the staple crops and new plants for survival
began. In 17th century the emerging scientific community began to take an inlerest in
collection of dried plants and seeds, occasionaily living plants, from far and wide. In 18th
century medemn studies of plant taxonomy came into existence. In the late 18th and early
19th centuries the knowledge, information and speculation on plant distribution began to
take shape of the sciences which are kiiown teday as plant sciences. The knowledge of form
and composition of diverse plants, their interrelationships and reproduction has formed the
basis of the evolution and progress of modemn man. In this course of plant.diversity you will
study about morphology, anatomy, reproduction, and life-cycle of Algae, Fungi,
Bryophytes, Preridophytes, Gymnosperms and Angiosperms.

You have already gone through Plants Diversity-1 Course. You have studied about algae,
fungi, bryophytes and pleridophyles which are often termed as lower plants. Now in Plant
Diversity-1I you will study about Gymnosperms, Angiosperms and Economic Imporiance of
Plants.

In this group of plants there is enormous diversity, the plants have aquired a tree like
structure to a full fledged tree. There is variation in habitat, leaf structure, flower structures,
ways of reproduction, in fruits, in their dispersal and seed structure. The Gymnosperms,
which have magestic and beautiful trees but possess naked seeds and single fertilization, are
less evolved than the more versatile angiosoperms. When you are studying the Blocks
starting frorn gymnospenms to angiosperms you will go through a variety of topics such as
anatomy, economic botany and taxonomy related to both of them.

This is a4 credit course containing 4 Blocks in which the third Block consists of two parts -
Block I1I A and III B. This course also includes lab work of 2 credits. This makes 6 credits
of Plant Diversity Il or LSE 13.

Plant Diversity 11

Block I - Gymnosperms

Block 11 - Flowering Plants

Block ITTA ~ - Economic Bolany

Block Il B - Economic Bolany

Block IV - Families of Angiosperms

Block I with 5 units is fully devoted to gymnosperms in which you are gotng to study
morphology, anatomy and life cycles of Cycas, Finus, Ephedra und Gnetien, You will also
study how gradually gymnosperms aquire some characters of angiosperms but still retain
their own identity as gymnosperms, You will aiso study about the various uses of
gymnosperms as timber, medicine, food and as raw material in various industries.

Block 11 has 5 units which give you a broad idea about angiosperms. It also describes
various tissues found in angiosperms in detail, You will also study about the structure,
anatomy and modifications of root, stem and leaf. You will also learn about the origin,
evolution and structure of flower, fruit and seed. A very important event pollination is also
described in the unit on pollination biology.

Block Ifl, which is subdivided into two parts, deals with the economic importance of some
cultivated plants on which the human race is dependent for foed, shelter and clothes. Block
TIT A deals with cereals, millets, legumes, pulses, [ruits and nuts, vegetables, oils, sugar and
starch, while Block 1II B deals with spices and condiments, bwerages medicinal and
aromatic plants and forest produce.

Block 1V presents a glimpse of the families of angiosperms, both monocot and dicot, and a
unit where some Plants of special interest are discussed.

We hope that you find Ihic course interesting and informative and inspires you to develop .~

further interest in plant science.
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BLOCK 1 GYMNOSPERMS

One of the most significant events in the long evolutionary development of the plant
kingdom was the origin of the first land plants. The dominant land plants of the earih,
despite their, extraordinary diversity in habit, organography and method of reproduction,
"“share one important character : the presence of a vascular system. This anatomical character
is the basis for designating such plants as “Tracheophytes™.

You have already studied about one group of vascular plants—the Pteridophytes. The other
group comprises Lhe seed bearing plants (also referred as Spermatophyta). The
Spermatophytes are sub-divided into two major sub-divisions: Gymnosperms and
Angiosperms, on the basis of protection afforded to the ovule. The gymnosperms have their
ovules freely exposed, whereas in the angiosperms the ovules are enclosed in the ovary. It
shall be our endeavour to reveal in the Unit 1 the salient features of morphology, anatomy
and reproductive biology of gymnosperms in general. In the subsequent Units 2, 3 and 4 of
the Block I, we have tried to give you an account of the diversity in the structure and
reproduction of the naked seeded plants. :

Unit I deals with a general account of the gymnosperms, their distribution, general
morphology and reproduction and their life cycles. Beside this we have also discussed some
gymnosperms of special interest such as the living fossil Ginkgo and Welwitschia, that is
unique as it is found in formidable terrain of Namib desert.

Unit 2 deals with Cycadopsida with Cycas as the representative genus. This is because it is
the only genus of Cycadales found in this subcontinent. -

Unit 3 deals with Pinus the most important and widespread genus of the Coniferopsida. It is
very well represented in India and is also the source of timber and resins,

"Unit 4 deals with Gnetopsida comprising members with high order of specialisation in their
vegetative and reproductive structures. Three families—Ephedraceae, Gnetaceae and
Welwitchiaceae form the ¢lass Gnetopsida. This Unit is subdivided into two subunits,
Subunit 4A pertains to the only representative genus of the family Ephedraceae, that is,
Ephedra. This genus is both important and interesting because it is strikingly different in
appearance from the other gymnosperms. In subunit 4B we have taken up yet another sole
representative member of family Gnetaceae—Gnetum. This genus too is important for study
as it has several features resembling the angiosperms.

Unit § The gymnosperms constitute a group which is economically very important. In this
Unit you will study about various uses of gymnosperms as source of timber, pulp for paper
industry, resins, medicines, and as minor source of food, It is also favourite of horticulturists
because of their evergreen nature and attractive foliage.

After studying this block yott will be able to:

. describe the distribution, main morphological and anatomical features of gymnosperm
and some typical gymnosperms. :

® describe classification of gymnosperms.

® describe in detail the characteristics and life histories of Cyeas, Pinus, Gnetum and
Ephedra.

[ list the economic impertance of gymnosperms.,

|
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1.7  Classification of Gymnosperms

1.8  Summary

1.9  Terminal Questions

1.L1¢  Answers

1.1 . INTRODUCTION

The seed plants (spermatophytes) are generally divided into two groups, gymnosperms and
angiosperms. Theophrastus, a pupil of Aristotle, used the word “Gymnosperm™ for the first
time. As the name suggests {(gymnos = naked, sperma = seed), the gymnosperms unlike the
angiosperms have ovules that are exposed.

The gymnosperms comprise of only a small portion of the plant kingdom (about 70 genera
and more than 700 species). In spite of being represented by such a few members, they are
distributed throughout the world and, on many mountainous areas, they form a dominant
part of the vegetation.

The group has a long history which dates back to atleast 200 or 300-million years, Their
long evolutionary history contains many examples of organisms that existed and flourished
for some duration and then became extinct as a result of changes in climate, topography and
biclogical competition. Of the living (extant) gymnosperms, some have a long fossil history
and are aptly called “living fossils”.

Gymnosperms as a group are most fascinating not only because they stand between the
cryptogams and flowering planis (phanerogams), but also because of their great importance
in forestry. In the earlier course you have studied about the various “lower plants” from
algae to pteridophytes. In order to have a complete picture about the diversity ranging in
the plant kingdom, it is necessary to learn about the gymnosperms, which constitute a small
but important part of this range.

Objectives

- After studying this unit, you should be able to :

@  describe the distribution of gymnosperms,
# enlist their main morphological features,

® describe their anatomical characters,
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explain the mode of repreduction and depict the typical life-cycles diagrammatically,
name some living fossils,

categorise the various gymnosperms and write'the classification,

understand the difference between angiosperms and gymnospermis.

1.2  GENERAL CHARACTERS OF GYMNOSPERMS

Gymnosperms are a group of plants that differ from the angiosperms in many ways. They
occur mostly in the temperate regions of the world and include mostly evergreen trees and
shrubs that [ook extremely captivating. They are an asset to horticulturists and landscape
architects. Their evergreen nalure bestows on them the unique advantage of an year round
appeal.

A large number of gymnosperms are economically imporiant, particularly in forestry,
horticulture and as a source of resins, drugs, essential oils and even edible seeds. The
economic importance of gymnosperms will be dealt in Unit 5 of this course.

The seed plants (spermatophytes, which include both gymnosperms and angiosperms) are
characterized by a very complex, large, independent sporophytic generation and a much
reduced gametophytic generation which is dependent on the former. But first we must study
some salient features of Gymnosperms and Angiosperms so that you will be able 1o
appreciate the difference between them.

Characteristics of Gymnosperms:

I. Planis are sporopbytes, having true roots, stems and leaves.

2. Sporophytes large, perennial with active cambium producing secondary xylem most of
them lack vessels,

3. Sporangia borne on sporophylls which together form cones.

4.  All forms heterosporous, and the two kinds of spores produce male and female
gametophyles.

5. True seeds (single megaspore retained inside a megasporangium, which in tum is
enclosed by an integument) young sporophyte (embryo) retained inside older
sporophytes, ) .

6. Gametophytes small, dependent. _

7. Pollen tube forms; pellination occurs by wind or insects.

8. Ovules and seeds borme naked (uncovered).

9. Archegonium with neck, VCC/VCN and egg.

10. Single fertilization i.e. one sperm involved in fertilization.
11. Free nuclear proecmbryo.

12. Endosperm is haploid.

Salient Features ol Angiosperms (Flowering Plants)

1. Microsporangia borne on microsporophylls (anthers and filaments respectively)
comprising the androecium.

2. Characterized by mepgasporangia (ovules) enclosed within one or more carpellary
sporophylls which comprise the ovary. Ovary together with style and tenninal stigma
constitutes gynoecium (pistil).

3. Subsequent to pollination and double fertilization, Endosperm is triploid. Ovules
develop into seeds within the ovary wall; leads to formation of fruit.

4. Presence of vessels in the xylem. Secondary xylem produces porous wood (some
exceptions known). )
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Box 1.1 Living Fossils

The living representatives of the Ginkgophyta and Cycadophyta are called living
fossils. Ginkgo biloba is the sole living member of the group and exists in the wild
state only in cerlain mountains in south-east China. The cycads are also relicts from
the past age and are confined to some areas in the tropics and subtropics. The

~ Cycadophytes (cycadeoids and cycads) were abundant during the Jurassic period (of
geologic time scale) and it was during this time that the dinosaurs flourished. Hence,
the cycads are also called as “dinosaurs of the plant kingdom,”

SAQ 1

1. How will you define gymnosperms? How will you distinguish them from
angiosperms (Give any 5 points).

Complete the sentence by matching column A with column B.

Column A Column B
I. The gymnosperm that has vessels (a) haploid endosperm
2. The seeds of gymnosperms (b) conifers
3. Gymnosperms have single fertilization (c) Gnetum
and form
4. Presently the largest group of gymnosperms (d) are exposed and uncovered

distributed all over Lhe globe is
SAQ 3.

List three major differences between angiosperms and gymnosperms.

Intreduction of
Gymnosperms
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1.2.1 Distribufion

The gymnosperms are represented in nearly all parts of the world. The extant Cycadales and
Ginkgoales are very ancient and with a long fossil history. For this very reason and few.
other characters, they are called “living fossils. Though these orders were well represented
in the past, but presently the ¢ycads are represented by only 11 genera and Ginkgoales by a
single species. Ginkgo biloba. They now show only limited distribution in the tropical and
subtropical regions. They do not form a major part of the vegeltation on the earth.

The conifers (Coniferales) are the most conspicuous and largest group of gymnosperms
and contain many economically important plants. The conifers are represented by over 50
genera and these are distributed in nearly all parts of the globe. Araucariaceae and
Podocarpaceae families are represented mainly in the Southern Hemisphere. Taxodiaceae
and Cupressaceae are equally represented in both Northern and Southern Hemispheres.
Taxaceae (which at times are not considered a true conifer because of their distinct
reproductive morphology) occur mostly in North America, Europe and Asia.

The orders Ephedrales. Gnetales and Welwitschiales are monotypic, represented by the

" genera Ephedra, Gnetum and Welwitschia, respectively. These plants not only show

restricted distribution but also many interesting features in their morphology and
reproductive biology. Ephedra occurs only in arid regions and in tropical and temperate
Asia and America. Grefum grows in tropical rain forests of Africa, Asia and 8. America.
Welwitschia is resiricted to South West Africa.

Nearly 20 genera of gymnosperms have been reported from the Indian subcontinent. OF
these i4 genera are native. These include conifers namely 4Abies, Cedrus, Larix, Pinus,
Picea, Tsuga, Cephalotaxus, Cupressus, Juniperus, Podocarpus and Taxus, Besides (hese,
Cycas, Ephedra and Gretum are also found in the wild state.

Several genera, introduced from outside, have also established well in the hills and plains of
India, these include Ginkgo, Biota, Thuja, Cryptomeria, Agathis, Araucaria, Cunninghamia
and Taxodiim.

1.2.2 Morphology -

The gymnosperms include both large trees and woody shrubs. A few may be lianas or
climbers (Gresum) or thizomatous (Stangeria paradoxa, Encephalartos villosus,
Macrozamia sp.). Most gymnosperms are evergreen; a few such as Larix and Tavodinm
are deciducus. A large number of planis exhibit xerophytic characters.

The tallest trees in the plant kingdom beilong to the gymnosperms. In California the two
species of living red woods are renowned for their size, height and longevity. It is not
uncommon for Sequoia sempervirens (coastal or California redwood}) to attain a height of 90
meters (295 feet) and one tree in Humboldt County, California with a height of 111.6 meters
(366.2 feet) is believed to be the tallest tree in the world. The other species Sequoiadendron
giganteum usually referred to as “Big Trees" or Giant Redwood (and confined to the eastern
slopes of California) does not become quite as tall as the coastal redwood but exceeds it in
total size. The “General Sherman™ tree in Sequoia Naticnal Park, for example is, 31 meters
(101.5 feet) in circumference 83 meters lall it weighs an estimated 5,5,94 metric tons (6167
tons). The trec is over 3,500 years old. “Pine Alpha” is a 4,300 years old specimen of
bristlecone pine (Pinus longaeva) growing in California,

The smallest recorded gymnosperm is a cycad. Zamia pygmaea, merely 3 to 4 cm tall.

Morphology of Root, Stem and Leaves

Root : The gymnosperms possess a tap root system. Some genera such as Cycas also show
the development of coralloid roots while Pinus and other conifers show the presence of
mycorrhizal roots. Both of these are symbiotic associations (with blue green algae and

. fungi respectively) that help in the nutrition of the plant. In mycorrhizal roots the

mycelium of fungus forms an enveloping sheath called “Hartig net”. You will read about
them in detail in Unit 2 and Unit 3,

Stem: Aerial trunks are branched (as ih most plants) or unbranched as in cycads shoots
may be dimorphic having long and dwarf shoots, latter showing restricted growth as in
Pinus and Ginkgo — long shoots and dwarf shoots. Dwarf shoots bear leaves al their
apices, and the whole structure is called a spur shoot in Pirus.
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Fig 1.1 ; Variatlons {n leal morphology amoengst gymnosperm (Note these are not drawn lo the same scalc).

Leaves: Leaves show great variation in form and arrangement. The leaves may be large
(megaphylls) or small (microphylls). Both simple and compound leaves occur: the shape
also ranges from pinnate or fern-like in cycads to needle-like in Pinus. Leaves of Ginkgo are
fanshaped, and those of Gnetum superficially resemble dicots, in Wehvitschia they are strap
shaped and persist throughtout the life of the plant, In gymnosperms the foliage leaves are

usually evergreen and protected by a thick cuticle. Besides foliage leaves, scale leaves may
also be present,

Arrangement of leaves on the stem is highly variable. They are generally spirally arranged
but may be whorled as in Cedrus or opposite decussate as in Cupressaceae and Gretum.

The venation also ranges from single veined in most genera 1o reticulate (Grefum), parallel
(Agathis and- Welwitschia) and even dichotomous (Ginkgo). Resin canals occur in all
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coinfers except Taxus. Stomata are usually' sunken (most gymnosperms show xerophytic
characlers), being present on both the surfaces or only on the lower side of leaf. )

SAQ 4
Match column A with the words/names given in column B,
Column A Column B
. Only 2 leaves are formed (a) Zamia pygmaca
2. Leaves are fan-shaped (b) Cedris
3. Mycorrhizal rools are present (c) Almost all the conifers,
4. The smallest gymnosperm (d) Wehwitschia '
5. . Leaves superficially resemble dicots. (e) Tavus
6. Needle like leaves arranged in whorls (f) Sequoia
7. Tallest (rec {g) Ginkgo
8. Resin ducts are absent {h} Grerum

1.2.3 Anatomy

In the young stem (primaryJ open, collateral, endarch bundies occur in a ring. Secondary
growth takes place due to the activity-of.cambium. The wood is characterized by absence of
vessels in most cases (€xceptions are Gretum, Ephedra and Welwitschia). The wood
comprises tracheids and parenchyma; xylem fibres are absent and, therefore, the wood is
referred to as “softwood” in contrast to “hardwood” in dicots (angiosperms). There are-two
types of wood namely manoxylic and pycnoxylic (see box). Phloem lacks companion cells
and instead shows albuminous cells. .

In roots the xylem is di- 10 polyarch. Tracheids constitute the major part of xylem. An
important feature of gymnosperm leaf anatomy is the transfusion tissue.

‘Box 1.2 : Manoxylic and Pycnoxylic wood

There are two types of wood, namely manoxylic and pycnoxylic, depending on the
amount of wood parenchyma present in it, and the size of the pith. The pycnoxylic
wood is compact, has narrow xylem rays and contains small cortex and pith. On the
ofher hand, manoxylic wood has lesser xylem and more parenchyma present in wider
rays, large pith and cortex. Pycnoxylic wood forms the main component of the trunk,
hence such wood is commercially important. Manoxylic wood is not important
commercially. There is another aspect: the manoxylic wood is found in forms with
megaphylls and radially symmetric seeds {radiospermic) e.g. cycads; pcynoxylic
wood is associated with microphyllous leaves and bilaterally symmetric seeds
(platyspermic) e.g. conifers.

1.2.4 Reproduction

Vegetative methods of reproduction are rare in gymnosperms, but cycads do propagate
through bulbils. You will study about bulbils in Unit 2 of this block where Cycas will be
dealt in detail. '

Sexual Reproduction '

Gymnosperms are heterosporous producing two kinds of speres in different spore-bearing
struclures {megasporangium or ovule and micresporangium or pollen sac). See Fig. (1.2 &
1.3) for details. ) '

The gymnosperms may be mpnoecious (Pinus, Cedrus) or dioecious (Cycas, Ephedra,
Ginkgo), and bear male and female cones, except in Cycas (female plant). The size of the
male cone ranges from Imm (Zamia pygmaea) to 60 e (Encephalartos coffer). The
position of the strobili on the plant varies from terminal to lateral. In Cycas the
megasporphylls are loosely arranged between successive crowns of foliage leaves. There is
great variation in the arrangement of female cones or strobili which you will study in
coming unils of this block. Microsporangia are borne on the abaxial or lower surface of the
microsporaphyll. Ovules are generally borme on the adaxial or upper surface of the
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megasporophyll or the ovaliferous scale. The ovule is generally orthotropous. The spore
mother cells contained in the sporangia undergo meiosis to form respectively the
microspores and megaspores that represent the first cell of the haploid or gametophytic
generation. The microsporangium contains numerous microspores whereas the
megasporangium contains only one megaspore. The gametophytes are endosporic, i.e., they
develop within the respective spore walls. The nficrospore forms (he microgametophyte
(pollen grain) that produces the male gametes (sperms). The megaspore develops into
megagametophyte (female gametophyte) that bears archegonia containing the fernale
gamete (egg).

/ f.(f/;({:‘?( ()
i
4
[

Microsparophylt

]
2

o

i

ok
(i

s k ‘i}!&(

(c} Pinus roxburghil =/
: Gnetum

Fig. 1.2 : Various types of male reproductive structures in gymnosperms.
(Motc these are not drawn on same scale)
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Microsporangia and Male Gametophyte

Microsporangia are borng on the abaxial surface, of the microsporophyil. The development
of the microsporangium is as follows. The Iﬂltlﬁ'S form archesporial tissue that leads to
formation of wall layers and sporogenous cells. The latter give rise to microspore mother
cells which divide meiotically to form tetrads of microspores. The microspore is the first cell
of the male gametophyte. This usually undergoes division to form one or more prothallial
cells, and an antheridial initial. The latter finally forms the male gametes.

The development of male gametophyte being endosporic, it takes place parily in the L
microsporangium and partly in the pollen chamber of the ovule. F
The development of male gametophyte is summarized below :
Each steb represents a division of a cell.
Microspore
) r I 1
Central cell Prothallial cell
|
i
Antheridial Prothall!al cell
initial
[ I '
Antheridiallcell ) Tube cell -
r ' |
Spermatogenous . Stalkcell
(body) cell
| : 1 ’
Male gamete ' Male gamele ‘

There is variation in the number of prothallial cells, size and motility of male gametes and
their time of formation and discharge.

Male cells are formed in Cupressaceae, Taxodiaceae, Araucariaceae and Gnetaceae while
nuclei are formed in Ephedra, Cephalotaxus and Pinaceae. In Cycas and Ginkgo male
gametes are motile (spermatozoids) and this feature is characteristic of lower vascular plants
(Pteridpohyta). In these (wo plants the pollen tube is not a carrier of sperms but merely acts
as an haustorial agent by invading the nucellus. The discovery of motile sperms in Girkgo
was made in 1896 by Hirase. '

At the time of shedding, the pollen grains are usually multicelled and contain one, two or
more prothallial cells, tube nucleus and antheridial cell. In Cupressaceae, Taxodiaceae,
Cephalotaxaceae and Taxaceae, pollen are shed at the uni-nucleate stage and the
gametophyte deveIOpment continues after pollination.

The pollen grains are winged (Pinus, Podocarpus) or non- -winged (Cycas Ginkgo). Elther
the male gametophyte lacks a prothallial cell (Taxodium, Cephalotaxus) or the number
ranges from one (Cycas) to 32 (Agathis, Araucaria). The male gametes are flageliate
(Cycas, Ginkgo) or non-flagellate (Pinus, Cedrus).

Ovule and Female Gametophyte

The ovules as you know are naked (i.e. they are not enclosed by megasporophyll or the
subtending structures) and are borne on the adaxial surface of the megasporophylls which,
in turn, are generally arranged spirally around a central cone axis. The ovules are sessile and
orthotropous and each consists of a parenchymatous mass of cells called the nucelus or the
megasporangium. The nucellus becomes enveloped by a single massive integument that
grows around it leaving a smali opening or the micropyle at the tip. The megasporangium
enclosed by the integument is called an ovule. The nucellus contains a single diploid
megaspore cell that undergoes meiosis to form a tetrad of haploid megaspores of which
only onc remains functional and the other three degenerate. The functional megaspore,
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which is usually the chalazal megaspore, enlarges and undergoes free nuclear divisions. Inireduction of
Thus the young gametophyte develops within the megaspore. Centripetal wall formation Gymnogperms
(wall formation starts from periphery and proceeds inwards) starts around the free nuclei of

the female gametophyte (alveolus formation see Unit 3) and goes on until the whole

gametophyte becomes cellular. This is the female gametophyte. The integument in

gymnosperm ovules consists of three layers. You will study this in more detail later in units

of Cyeas and Pinus of this Block.
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Fig. 1.3 : Various types of emale reproductive siructures in E¥mnosperms.

The apical region of the nucellus degenerates to form a polien chamber in which the polien
grains will-come and lie until further prowth. Female sex organs or archegonia develop
towards the micropylar end of the female gametophyte. The archegonia may occur singly or
in archegonial complexes, The archegonia are large and elongated and lack neck canai
cells. Gretum and Welwitschia lack distinct archegonia, egg nuclei and prothallial tubes

containing egg nuglei; respectively. 03
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Pollination and Fertilization -

Pollen grains are carried to the ovule and this is followed by fertilization. The male
gametes are carried to the egg by means of the pollen tube. Syngamy (or fertilization)
between two haploid gametes (male and female) restores the ploidy level of 2n. The new
sporophyte is first represented by the zygote that later develops into embryo. Thus the
cycle is complete. There is distinct alternation of generations,

Pollination in gymnosperms usuzlly takes place by means of wind and abundant pollen
producuon ensures pollination. Most conifers have winged pollen and wings help the poller.
to reach the ovule. In pines, when the malé cones dehisce and pollen is shed, the area all
around is covered with the yellow polien grains and this phenomenon is referred to as
“Sulphur showers". Entomophily has been reported in Cycas, Ephedra, Gnetum and
Welwitschia.

A pollination drop is secreted by the ovule at the tip of the micropyle and this captures the
wind-borne pollen. The partially developed male. gametophytes are drawn or sucked into the
ovule by the drying of the pollination drop. The exudate not only receives the polien but
also places them close to the nucellus. The pollen now lie in the pollen chamber or on the
nucellus, in close proximity to the archegonia.-

In the gymnosperms pollination may not be mmednalely followed by fertilization:
sometimes a very long interval elapses between the two phenomena. During this intervening
phase (called as resting phase), the ovule shows many changes and gets ready for
fertilization. The micropyle is closed and the ovule enlarges in size. The pollen grains on
reaching the nucellus germinate immediately or after a resting period. The pollen tube
reaches the female gametophyte and finally makes contact with the neck of the
archegonium.

In some gymnosperms, a well-defined depression forms at the tip of Lhe nucellus. This
pollen chamber receives the polien grains. Today it is found only in cycads, Ginkgo and
Ephedra,

- Box 1.3 : Siphonogamous and Zuoiéogamous plants

. The term “siphonogamous” has been used to collectively designate plants in which the
sperm are directly transported to the egg by means of a pollen tube. Lower vascular

. plants, by contrast, have been designated as “zooidogamous” because the motile
flagellated sperm are freely liberated from the antheridium into waler through which
they must swim (often for some considerable distance) to reach and fertilize the eggs.
The evolutionary steps in the transition from zooidogamy to siphonogamy are by no
means very clear, but the development of sperm-carrying pollen tubes typical of
higher gymnosperms and of all angiosperms was surely a significant achievement. By
means of the potlen tube the considerable chances and hazards of the aquatic

- zooidogamous methad were ¢liminated and much greater assurance of fertilization
was made possible. Among living gymnosperms, cycads and Ginkgo appear to have
a primitive type of pollen tube which serves primarily as an haustorium. 1t seems
significant in this connection that these are the only known living seed plants to have
retained the flageliated type of sperm. (Gifford 1989)

The pollen grain produces a more-or-less tubular outgrowth, the pollen tube. In Cycas and
Ginkgo the pollen tube acts mainly as the haustorial organ. It grows for several months into
the nucellar tissue and absorbs food and transfers it to the developing pollen grains at the
lower end of the tube. It also helps to transfer the male gametes into the archegonial
chamber. During fertilization the basal end of the pollen tube bursts and liberates the
multifiageliate sperin and some ftuid into the‘éavily The sperms swim to the archegonial
neck, shed thc flagella and enter the arciiegoniumythe male nucleus fuses with the egg to
form te zygote.

1n conifers the pollen tubes act ouly as sperm carriers. The male gametes alongwith the tube
and stalk nuclei migrate to the tip of the pollen tube, which grows through the nucellus. The
pollén tube reaches the archegonial neck, pierces it, bursts and then liberates the male
gametes, oyt of which brings aboul fenilization,




In Welwitschia the female gametophyte gives out tubular prolongations that meet the pollen
tube tips. The intervening wall dissolves and fertilization takes place. There js no archegonia
in Welwitschia and Gnetunm.

Double, fertilisation is absent in gymnosperms. The only exceptions are Ephedra and
Gretwum, but even there the endosperm is haploid.

SAQ S5
Fill in the blanks :

1. Large scale shedding of Pine pollen covering the whole area is known as

2. The wind bome pollen are captured by ..o secreted by ovule.
3. In Cycas and Ginkgo pollen tube acts mainly as ....ccovvv . .
SAQ 6 ‘ a
Summarize the development of male gametophyte only by flow diagram.

SAQ7
The formation of female gametophyte in gymnosperms.

1.3 EMBRYOGENY

Proembryogeny in gymnosperms is quite variable. In gymnosperms (except Seguoia and
Welwitschia) the initial phase of embryo development is free nuclear. In Pinus there are
only eight free nuclei; in cycads as many as 256 or 572 free miclei may be formed. Later
wall formation staris and a cellular embryo is produced. It differentiates (at maturity) into
suspensor, radicle, hypocotyl, plumule and cotyledons. The shoot end of the embrye is
away from the micropyle, so that embryogeny is endoscopic.

1.3.1 Polyembryony

Formation of many embryos in a single gametophyte is of common occurrence among
gymnosperms. Simple or archegonial polyembryony is vety fcquciat becauss moere than one
archegonium may be fertilized. In conifers there is cleavage polyembryony. Here the four
cells of the young proembryo separate and each develops into the embryo. Physiological
competition eliminates all but one embryo that reaches maturity.

1.3.2 Mature Seed and Germination

The formation of seed is the result of fertilization and consequent enlargement of the ovule.
The zygole develops-into an embryo, and the endosperm is formed from the persisting
female gametophyte (which provides nutrition). The nucellus gets disorganised and is
visible at the micropylar tip of the seed as a Wiin cap. The integument forms the seed coat.

Introduction of

©  Gymnosperms
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The seed is a remarkable combination of two sporophytic and one gametophyltic generation.

i) The seed coat is the old sporophyte

jii)  The embryo is the new sporophyte

iii)  The endosperm is the persistent female gametophyte

The number of cotyledons varies from two to many. The detached seeds of gymnosperms
remain dormant and undergo a prolonged period of rest. With the onset of favourable
conditions the embryo again resumes its growth and rupturing the hard seed coat and
develops into a new plant. Germination is epigeal in most gener, i.¢., the cotyledons come

above the ground.

In Cycas and Ginkgo the seeds show no dormancy, they germinate immediately on falling
on a suitable substrate or else they lose their viability.

Seedling
matures

T
Seedling

At

Seed Germination

fr~

Mature Embryo
~

Embryogeny
A

Proembryo

(cellular)

I

Free nuclear
embryo

Zygote (2n)

Sporophyte, 2n
Heterosporous
Monoecious/Dioecious

Megasporangiate
strobilus
%
Megasporangia
(ovules)
megasporoyte
Meosis
VR 4
Megaspore
{tetrad forms,
only one remains’
functional in each .
ovule) (n)

v
Functional megaspore
forms free-nuclear
gametophyte

!

Pollinalion occurs,

> pollen tand on the

nucellus, form pollen
tube

Gametophyte becomes
cellular, followed
by formation of
archegonia

l

Egg (N)

. Fertilization

L

™~

Microsporangiate
strobilus
N2
Microsporangia,
microsporocyles

l

Microspores
(numerous, in
each sporangiumy) (n)

Partially
developed
endosporic male
gametophyte
(pollen)

3%
Sporangium
dehisces,
pollen transfer
(pollination)
N
Continued
growth of male
gametophyle
on nucellus of
female
gametophyte

Pollen tube
forms, transfer
of sperm to
archegonium

¥
Sperm (n)

(Syngamy)

= v{-' E i R

L R et LAl L



(TR R

il Introduction of

Write whether the slalement is true or false in the given brackets. Write T for truc and F for Gymuosperms
false statement,

i}  The gymnosperms are heteresporous i.e. produce two lypes of spores [ ]
i)  In gymnesperms male and female spores are produced in the same strobili, [ 1]
iif) The gametophytes in gymnosperms develop within their respective spore wall. [ ]
iv)  Cycas has the largest ovule in the plant kingdom. [ 1
v}  In Cycas pollen tubes are carrier of sperm. [ 1]
vi) In gymnosperms the mepaspores are diploid, whereas microspores are haploid. [ ]
SAQ 9

Write a short note on polyembryony in Gymnosperms,

SAQ 10

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

1.4 GENERAL PATTERNS OF LIFE CYCLES

The reproductive phases in gymnosperms are spread over a long period of time. Information
on this aspect is important to foresters and plant breeders. Since many gymnosperms belong
to the temperate areas, their activity is slowed down during the winter period. As a result,
not only cambial activity comes to a halt, but development of reproductive structures also
gets restricted, and this activity is renewed in spring.

Duration of Reproductive Cycle

The male cones of most temperate or subtropical conifers take less than a year from
mnitiation to shedding (pollination). Unlike the angiosperms where time lag between ovule
initiation and seed maturity is short (few weeks), in gymnosperms the same process may
take a much longer duration. The only exception appears to be Ephedra where the process is
completed in about 3-4 months. Most other gymnosperms show 1-, 2-, or 3-year type of
reproductive cycle. The counting of years is based on the number of winter rests followed
by renewed growth in spring, that the ovule passes through. Most species of a.genus show a
similar type of reproductive cycle, but some exceplions do occur (Podocarpus, Juniperus
and Pinus).

The cycads do not easily fit into this scheme of cycles partially because of lack of detailed
information and more importantly because most of them are tropical or subtropical, and thus

" do not undergo winter rest. 17
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year using certain symbols is shown in the figure below. These symbols have been used in
all subsequent diagrams. The numbers represent the months of year. The seasons of the year
have also been indicated since they vary in the Northern and Southern Hemispheres.

I
1
wed

J L)
. Sporogenaus -3

Young sporangia lissue 8 ® b N
@I
Z

2 _____________

Pallination
Fertilization
Seeds shedding

“-'—r-r|hn--‘ e

Fig. 1.4 : Major events/stages in the reproductlve cycle of a gymnosperm represented by
difTerent types of Hnes (wavy, stralght, broken and parallel). These lines have been
used in the subsequent four dlagrams of life cycles in this chapter (aRer Singh, 1978).

. A generalised type of one-year cycle showing male cone initiation in summer and female
cone in autumn, overwintering in the sporogenous stages, pollination during spring,
fertilization in summer and seed matures before onset of next winter.

One-year Type of Reproductive Cycle. In the reproduclive cycle of Cedrus deodara as it
occurs in the Western Himalayas. Pollination occurs in autumn and development of
gametophytes also starts at the same time (Fig. 1.5 a),

One-year Type of Reproductive Cycle. In Gretum ula life cycle as it oceurs in the Westen
Ghats. In this case embryogeny continues after seed shedding in summer (Fig. 1.5 b).

Winter r
il ]
!
£ BN a8
27 3 ‘
AN
Summer

Fig. 1.5 ; Onc-year type lifc cycle represented by Cedrus deodara a) und Gnetum ula, b) a3 oceurring in
Western Himalayas and Western Ghats of indla, respectively, The numbers represent the
months of the year. Pollination and development of gametophytes in Cedrus take place in
sutumn. The seeds in Grefunt are shed in summer but the embryogeny continues. (alter Singh,
1978}, -

Two-year Type of Reproduclive Cycle

This type’of repraductive cycle occurs in Ginkgo biloba where pollination takes plagg in the
spring of first year and fertilization lakes place in the early auturnn of the same year but
embrypgeny lasts much longer and conlinues even after the seeds are shed.

Il
Winter

Fig. 1.6 : Two-year Iype of life cycle in Ginkgo biloba.



[

Three-year Type Reproductive Cycle Introduction of
Gymnosperms
In Pinus roxburghii the ovules are pollinated in spring of first year and get fertilized in the

spring of third year. Thus the time lapse is of two years, Seed shedding occurs in autumn.

Fig. 1.7 : Three-year type of life cycle In Plaus roxburghii,
Reproductive Cycles in Cycads

Cycas circinalis occurs in S. India. Cycas shows pollination in first year winter, fertilization
'in second year summer i.e., after five months, and seed shedding in third year summer and

embryogeny continues even after the seeds are shed.

Winter

Spring

Summer

Fig. 1.8 : Three-year type of life-cycle on Cycas circinalls.

1.5 THE LIVING FOSSIL — Ginkgo biloba

Some living (extant) gymnosperms have a very ancient fossil history and for this reason and
few other characters, they are often referred to as “living fossils™. '

Metasequoia glyptostroboides is an example where the genus was first reported in fossil
records from various parts of North America and Asia and later discovered alive by Chinese
botanists from Szechuan province.

The sago-palm (Cycas) and the maidenhair tree (Ginkgo biloba) are living fossils, and the
latter may be the oldest living genus of seed plants. Fossils of Ginkgo like plant have been
found from Jurassic beds all over the world. Its decline started in the Mesozoic and
presently China is the only natural home of this tree. Tt is doubtful whether this EENUS exists
in the wild state. It is widely cultivated as a park and avenue tree in many temperate areas of
the world. The plant is dioecious and it is not possible to distinguish the two sexes in the
young stage: The seeds emit an odour that is like stale butter and hence female plants are
highly undesirable. The kernel of the seed is used as food in Japan and China. it s also used
in Chinese medicine as tonic for heart and longs, and treatment of other diseases like
asthma. Alzheimer's disease, and circulatory disorders.
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Box 1.4 : The maiden hair tree

The word Ginkgo is derived from Chinese words meaning “silver apricot”. It is also
called as the maidenhair tree because of the similarity of the notched, broad, fan-
shaped leaves to the individual pinnae of maidenhair fern.’

The trees are frequently found growing in the vicinity of temples in China and Japan
and it is likely priests played a significant role in their spread and keeping them alive.

The tree of Ginkgo has a pyramidal form, with fan-shaped deciduous leaves. The leaves

resemble those of Adianruny (maidenhair fern) and hence the name maidenhair tree i. )

(Fig. 1.9 a) is given to Ginkgo. ~ : ;—
r
|

AER o A

Fig. 1.9 : Ginkgoaceae. Ginkgo biloba. a) Dwarfshoot, b) Lang shoot. ¢) Leal. d) Dwarf shoot with lfemale
"flowers", c) Microsporophyll, ) Dwarf shoot with female "{lowers”, g) Stalked ovules, h) Seed,
I) Seed with the fleshy envelope removed (e-¢ from de Wit 1964; d, I'from Bold et al. 1980; ¢ from
Lawrence 1951; g-i original Gotz) |
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The plant shows shoot dimorphism i.e. it has two types of shoots : (i) long shoots of ' Introduetion of
unlimited growth, and (ii} dwarf or spur shoots of limited growth, with a cluster of leaves Gymnosperms
the apex. The leaves are wedge-shaped or fan-shaped and distinctly lobed and the venation

is conspicuously dichotomous. The leaves change colour to golden yellow before they are

shed in autumn,

Reproductive structures of Ginfigo are considered as primitive. Ginkgo is dioecious. Male
strobili occur in leaf axils on the spur shoot. Each strobilus is a loose structure resembling an
angiosperm inflorescence. The ovulate strobilus is also borne on the spur shoot leaf axils. It
has a short peduncle which bifurcates at tip, each bearing a sessile erect ovule, with a collar-
like outgrowth at the base. ‘

The pollen tube is haustorial and spreads out in the nucellus, After the male gemetobhyte
development is complete, and it reaches the archegonium, the fertilization occur. The

discovery of motile sperms in gymnosperms was by Hirase in 1896 from this plant.

Another note-worthy feature of Ginkgo is its pattern of embryogeny which is a continuous
process from the time of fertilization till seed germination. Seeds get detached from the
parent plant at an early stage of development and most of the embryo growth occurs while
they lie on the ground. The seeds are shed even prior to fertilization (but after pollination
has taken place) and it takes approximately 7 months for the embryo to attain maturity and
be ready for.germination. '

1.6 THE GENUS WELWITSCHIA

The most bizarre and geographically restricted gymnosperm is the African genus
Welwitschia consisting of only one species, W. mirabilis. The epithet “mirabilis” is quite

- correct because the plant is marvellous in the sense that the adult plant has a small disc or

woody crown that bears only two huge strap-shaped leaves and these persist for a life time.

The plant occurs in the Namib Desert in S.W. Africa and Angola in regions where rainfall is
very low. The genus is named after Dr. Frederic Welwitsch who discovered it in 1860.

The estimated life-span of Welwitschia is 400-1500 years. As the plants grow in regions of
extreme dryness (rainfall 0-100 mm per year), they depend upon night fog or dew. The
mature plant resembles a giant tumip or carrot with the diameter of the top reaching one
metre or more. The part of the stem above the deaves is the crown; the region between crown
and root is the stock. A periderm covers the whole plant. The vegetative organography of
Welwitschia is unique among vascular plants. The shoot tip loses its meristematic activity
and degenerates at an early stage of development. Two short-lived cotyledons are produced
during the seedling phase which remain photosynthetically active up to 1/2 to 1% years, and
the permanent pholosynthetic organs are represented by only one pair of strap-shaped
leaves. These persistent leaves grow indefinitely by a basal meristem, A mature leaf attains
up to 3m length and lm width: it shows numerous parallel veins, and towards the tip the
leaves are torn into ribbons or shreds. Welwitschia is reported as having CAM I
photosynthesis. Two scale-like leaves engulf the shoot apex.

Plants are dioecious and both the male and female strobili (“inflorescences™) are borne
terminally on branched stalks.

Welwitschia, has been called as a persistent seedling, It is also described sometimes as a
“handicapped plant” that has actually lost its head.

Welwitschia is a neotenic plant, i.e. one in which the reproductive phase arises while the
plant is still in the juvenile form.

21
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Female cone

e R

e Femala llower Young Fruit

Fig. 1.10 : Welwitschinceac, Wehwitschia mirabilis, a) Habit, b) Male cone, ¢) Male flower, d) Female cone,
) Female Mower, 1) Young fruit (s,d, [ from Le Maout and Decaisne [876; b, ¢, ¢ from Engler’s
syllabus 1954).

"Box L.5: Common and botanical names of various Gymnaosperms

List of names :

Pines Pinus sp. P. raxburghii = Chir, pine
P. wallichiana = Kail, pine
P. gerardiana = chilgoza pine

Cedar Cedrus sp.

Yew Taxus sp.

Cypress Cupressus sp.

Cycads Cycas and other members of Cycadales

Maidenhair tree Ginkgo biloba -

Araucaria Araucaria sp.

Giant Redwood Sequoiadendren gigantenm

Californip Redwood Sequuia sempervirens

Juniper ) Juniperus

(contd.)
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Larch
Fir
- Spruce

Bald Cypress’
Hemlock

Larix
Abies
Picea
Taxodium
Tsuga

1.7 CLASSIFICATION OF GYMNOSPERMS

Gymnosperms being an importsint group of plants have been variously classified by |
different workers. The classification being followed in this unit is after Bhatnagar and _

. Moitra (1996). Delails of these are given below :

Gymnosperms comprise both living {extant) and fossil {(extinct) groups. This classification
lists the various families of (his group. You do not have to memorise this classification. It is
given because you must have an idea about all the classes, order and families of

ZYMnaspemns.
Class 1 : Progymnospermopsida
Order Aneurophytales
Family Aneuvrophytaceae
Order Archaeopteridales (Only fossils)
Family Archaeobteridaceqe
Order Protopityales
Family Protopityaceae
Class 11 : Cycadopsida
QOrder " Pteridospermales —
Family .Calamopit}aceae, Lyginopteridaceae
Medullesaceae, Callistophytaceae
Order Glossopteridales
Family Glossopteridaceae
Order Caytoniales
Family Cayloniaceae, Corystospermaceag
Pellaspermaceae —_
Order Cycadales - '
Family Cycadaceae, Zamiaceac (Living and fossil)
Order Cycadeoidales ( = Bennettitales)
Family Williamsoniaceae, Wielandicilaceae
Cycadeoidaceae
Order Pentoxylales
Family Pentoxylaceae
Class III : Coniferopsida -
Order Ginkgoales
Family Ginkgoaceae
Order Czekanowskiales
Family Czekanowskiaceae
Order Cordaitales (Only fossils)
Family Cordaitaceae
Order Voltziales
Family ) Voliziaceae
Coniferales

Order

Only fossils

(Only Fossils)

Iatrgduction of
Gymnosperms
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Gymnosperms Families : Pinaceae, Taxodiaceae, Cupressaceae, Podocarpaceae, Araucariaceae,
Cephalotaxaceae, Taxaceae, ’

Class IV : Gnetopsida
Order Ephedrales

Family Ephedraceae
Order Gnetales

Family ’ Gnelaceae
Order Welwitschiales

Family Welwitschiaceae

Box No. 1.6 : Conservation of Gymnosperms

The gymnosperms comprise only a very small portion of the flora of the world. The
conifers are mostly restricted to temperale regions where they form large belts of
forest area. This group consists of tall, perennial trees prized for their timber and other
products like resin and pulp. The need today is to identify and propagate “elite” (or

superior) trees wilh desired characleristics, i.e. better yield, disease and pest resistance.

Screening and conseryation of natural germplasm is thus essential.

The cycads and Ginkgo are some of the most ancient groups of plants present on the
Earth. Their natural habitats are facing pressures from civilization and are rapidly
diminishing in size. These “Living fossils” would be gone if they are not conserved by
man. Both in situ and ex situ measures are required for this.

Gymmosperms have been screened for their medicinal and food value and some like
Taeus have shown promise as a cure for cancer. In future other members of the group
may also prove to be economically important. Hence there is an urgent need to
conserve them.

1.8 SUMMARY

In this unit you have studied that :

Gymnosperms differ from Angiosperms in their morphology, anatomy and mode of
reproduction.

'

Ovules and seeds are naked and uncovered.

The sporophytes are large and perennial; whereas gametophytes are highly reduced and

dependent on sporophyte,

Single fertilization (exceptions Ephedra and Gretur) i.e. one sperm involved in
fertilization.

The tallest trees are redwoods and Big trees, both are gymnosperms.

1.9 TERMINAL QUESTIONS

1.

24

Enumerate differences between Gymnosperms and Angiosperms.
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"2, Describe pollination and fertilization in gymnosperms and how it is different from
Angiosperms,

3. Why the seed of gymnosperms is considered of having remarkable combination of two
generations. :

i

4 “Gametophytic generation is dependent on the sporophytic generation in
gymnosperms”. Comment upon this statement.

N L e A e PR A R e R R e g P EE A e R R -
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Write short notes on the following

i) Distribution of gymnosperm.

if) manoxylic and pycnoxylic wood.
iii) Siphohogamous and zooidogamous.
iv) Polyembryony in gymnosperms.

v) Pollen Pollination drop.

introduction of
Gymnosperms
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6. Describe the genus Welwitschia.

7. Describe the livfng fossil of gymnosperms and also comment why it is called so.

8. Describe cycles in gymnosperms with proper diagrams.

= -

1.10 ANSWERS

Scli-assessment Questions
1. See—Characteristics of Gymnesperms and Angiosperms and write any 5 points.
2.1 (c)

2 (d)



10.

3 (@) tntroduction of

4 ®) Gymnosperms

Refer to section 1.2

See‘salient features of Angiosperms

l d -
2 E |
3 c )
4 a L
5 h ':
6 b

7 f

8 €

. Sulphur showers

2. Welwitschia

3. Pollination drop :
See section 1.2.4 — microsporangia and male gametophyte
See section 1.2.4 — ovule and female game-lophyie ]:
1 T '
2 F |
3 T

4 F .
5 T
6 F L

See section 1.3 — embryogeny.
1. naked seed
2. single fertilization

3. haploid endosperm

Terminal Questions

o A

See section 1.2 — General characters of gymnosperms
See section 1.2 — and subsection 1.2.4 — Reproduction
See sub-section-1.3.2 Mature seed and germination point of reference.

i} Sporophytic tissues and gametophytic tissues both found in seed. Describe them
in detail.

See sub-section 1.2.4. Reproduction. Describe in detail how ganietophytic generation
is totally dependent on sporophytic generalion in gymnosperms. In Plant Diversity — I,
you have already studied that gamelophytic generation may be a free hiving ]
photosynthetic plant or subterranean and apparently dependent upon the presence of an
endophytic fungus for its existence.

See section — 1.2.1, Box 1.1, Box 1.3, Subsection 1.2.4
See section 1.6 — The Genus Wehwitschia
See section 1.5 — The living fossil — Ginkgo biloba

See section 1.4 — General pattern of life cycles.
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UNIT 2 CYCADOPSIDA : CYCAS

Structure

2.1 Introduction
Objectives
2.2 Distribution, Habitat and General Features

23 Vegetative Structures

23.1 Root -
232 Siem
233 Leal

24  Reproductive Structures

24.1 Male Cone and Gametlophyte
242 Female Strobilus and Gamelaphyte

2.5 Pollination, Fertilization and Embryogeny

26 Dis:linctive Feawres and Conservation Concerns
2.7  Summary

2.8 Terminal Questions

2.9 Answers

2.1 INTRODUCTION

In Unit 1 you have studied that Cycadopsida consists of six orders : Pteridospermales,
Caytoniales, Cycadeoideales, Cycadales, Pentoxylales and Glassopteridales. Of the above
mentioned orders, members of five orders are extinct and Cycadales is the only one with
living members.

Cycadales have a very ancient fossil history. They were common during the mid-Mesozoic
era, and some of them are present even today. They are, therefore, also called ‘living
fossils’. On a casual glance all cycads resemble palms. The term ‘cycads’ refers to all the
members belonging to Cycadales. They have a stocky, cylindrical stem bearing a ¢rown of
large, coarse, palm-like leaves. They, in fact, are true gymnosperms as their seeds are naked
and are borne on modified leaves called sporophylls. Some scientists consider cycads as
transitional stages between femns and gymnosperms. The retention of ciliate sperms, which
are characteristic of the lower plants, lends support to this assumption.

The Cycadales consist of 11 genera categorized by Johnson (1959) in three families, viz.
Cycadacede, Stangeriaceae and Zamiaceae. But Bhatnagar and Moitra (1996) have retained
the 11 genera under one family — Cycadaceae, because there is uniformity in the overall
morphology, anatomy and reproductive biclogy of these genera. In this course too, we shall
follow the latter system of classification. Most of the description in this Unit is based on
Cycas, reference o features of special interest of the remaining genera will be made
wherever necessary. ’

Objectives

After studying this unit, you should be able to :
& list the cycad genera,

@ identify cycads in general and Cycas in particular, on the basis of their gross
 morphological, anatomical and reproductive characters,

illustrate and describe the life cycle of Cycas,

discuss the structural peculiarities of Cycas vis-a-vis the lower vascular plants,
- particularly the Filicales, and

@ give reasons for the decline in the number of cycads all over the world and enlist the
' measures taken.
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2.2 DISTRIBUTION, HABITAT AND GENERAL

FEATURES

The eleven genera belonging ta Cycadalés have been listed in Table 2.1. Though the cycads
have exisled for about 250 million years and were then widely distributed, at present each
genus has a restricted distribution. More than 100 species belonging to 1hese genera are

- distributed both in the Eastern and Western Hemispheres.

Table 2.1 : The global distribution pattern of Cycads.

Genus Region/Country Hemisphere

Dioon, Mexico

Ceratozamia

Micracycas Cuba

Zamia Mexico, West Indies, Western
North-Western South Hemisphere
America, and Florida

Chigua Colombiz

Encephalarios, South Africa

Stangeria Eastern

Hemisphere

Lepidozamia Australia

Macrozamia,

Bowenia

Cycas Madagascar, Australia,
Indian Subcontinent,
China and 8. Japan

Of the genera mentioned in Table 2.1. Only Cjzc&s is found in the Indian subcontinent. In
addition to India, it is found in neighbouring countries such as Nepal, Myanmar and Sri -

Lanka. Cycas species that occur in India are listed in Table 2.2.

Table 2.2 : Distribution of Cycas in India.

Species

Place of occurrence

C. beddomei Dyer
C. pectinata Griff.

. circinalis Linn.
C. rumphii Miq.

C. revoluta Thunb.

and C. siamensis Miq.

Andhra Pradesh

Manipur

Cultivated in gardens

Hills of Cuddapah dlstrlct of Tamil Nadu and Eastern

In the Sal Forests of Sikkim and Assam, Khasi Hills and

In the deciduocus forests of Western Ghats ; and Orissa

In the beach forests'of Andemon aed Nicohar Islands

Cycas is both cultivated and found growing wild. Its natural habitat is rather xeric and
includes well-drained soil exposed to sun, and the sunny htill slopes.

In its habit Cycas appears like a paim (i:ig-. 2.1a). It possesses a columnar aerial trunk with a

crown of pinnately compound leaves. The stem is normally unbranched but, sometimes,

Cycadopsida:
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older trees do exhibit branching, A branch staris as a small bulbil (Fig. 2.2) which is actually
an adventitious bud. The bulbil arises from the lower, fleshy region of the leaf base. Initially
bulbil shows only scale leaves but with further growth, it starts producing a crown of leaves
just like the main trunk and subsequently appears as a branch. The bulbils also serve as a
means of vegetative propagation of plant, both artificially and in nature. Factors like
physical injury enhance branching and onc comes across highly branched Cycas trees in
parks, whereas in an undisturbed condition they rermain unbranched or poorly branched.

Fig. 2.2 : Bulbil of Cycassp.
Amongsl the scale
leaves a circtnately
coiled rudimentary leal
pinna {arrow) can be
scen (from Pant, 1973).
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Fig. 2.1 a) A few plants of Cycas revoluta growing in front of the Muscum of Kagoshimna Prefeelure in
Kagoshima cily ol Japan. The explanziory plaie in the picture means that “This tree of Cjeas
revolura is 8 memorial one from which Professor Ikeno discovered spermatozoids in 1818, so we
must keep it carcfully™ b) A part of the trunk magnificd. Note the alteroating bands of large and
small leaf bases. Courtesy : 8) Professor Teisuo Nakajima; by Bhatnagar & Moitrs, 1996,

An armour of alternating  bands of large and small leaf bases covers the aertal stem in a
spiral manner (Fig. 2.1b). The large leaf bases are the foliage leaves and the simaller ones are
the scale leaves. The features of both these leaves are discussed in ihe following section.
The lcaf bases persist for many years, but abscise in the old trees. The trunk in such trees
looks thinner in the lower region than in the upper portion.

Two crowns of leaves are produced annually, one in spring and the other during mensoon
coinciding with the [avourable seasons oFgrowlﬁ. The age of a Cyeas plant can be
determined by counting the number of leaf bases on the trunk, and dividing their number by
half the number of leaves in the crown, as the growlh of (wo seasons is presenl any time of
the year.

SAQ 1
Which of the items (i-viii) are relevant 10 Cycadales?
i) Living fossils

i)  True pymnosperms .

Deilinn il 20 & T
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iii) Femns

iv) Three genera

v)  Herbaceous plants
vi) Mesophytic

vii) Palm-like appearance
viii) Xeric

Choose the correct answer from Lhe choices given below :
a} i, iv, vi, viii

b) i, iii, v, vii

¢} il iv, v, vi

d) i, ii, vii, viii

SAQ2

Match the items given in Column A with those of Column B. Choose the correct answer
from the choices given below:

A B

1. Number of penera in Cycadales: . iy Chigua
2, Cycad genus in Indian subcontinent; ify  recent origin
3. Cycad history: iii) scale leaves
4.  Asexual propagation by: : iv) 3 genera
5. Crown(s) of [eaf(ves) produced per year: v} Cycas

vi)  bulbil

vil) two

viii} common in mesozoic cra
ix) 11 genera

X) one

Choices for answer

1 2 3 4 5
ay ix i viii vi X
by iv v ii ] X
c) ix v viii vi vii

dy v i it vii viii

2.3 VEGETATIVE STRUCTURES

In this section the salient morphological and anatomical features of vegetative structures
namely root, stem and leaves are described. You are advised to devote some time to *
observing the figures to grasp their details.

2.3.1 Root

The primary root is a tap root which dies early and, in its place, an adventitious root system
comprising large fleshy.roots develops. Some of the roots near the soil grow upwards and

Cycadopalida:
Cyee
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form apogcotropic roots. These branch copiously by repeated dichotomy forming dense,
greenish or brown masses known as coralloid roots (Fig. 2.3},

Fig. 2.3 : a} Cycas sp. & bunch of coralloid roots. b) A part of a coralloid root enlarged {from Pant, 1973).

Being apogeotropic, the coralloid roots also come out of the soil. It is believed that these
roots, besides aiding in atmospheric nitrogen fixation, also act as aerating organs. In ’
addition to the coralloid roots, non-coralleid aerial roets alse occur in some species of
Cycas. Such reols arise from the base of the bulbils or the leaf bases, and are positively ¢
geotrapic, Both normal and coralleid roots have abundant tenticels on their surface. '

Normal Root — The anatomical structure of a young, normal root of Cycas (Fig. 2.4 a, b) is.
similar to (hat of a dicotyledonous angiosperm. The xylem and phloem are radially g
arranged. The vasculature varies from diarch to triarch to polyarch condition, and the
protoxylenris exarch. The centre of the root may be occupied by a small parenchymatous
pith or it may be occupied by metaxylem elements. The vasculature is surrounded by
pericycle, which is oflen multi-layered. It is made up of thin-walled cells with abundant
starch grains. An inner periderm often differentiates in this region. On the ouler side is a
single-layered endodermis. The endodermal cells are characterised by casparian thickenings.
Next to the endodermis lies {he cortex, which is several-layered and consists of
parenchymatous cells with abundant starch grains. Qccasionally sclerenchymatous cells and
tannin-filled cells arc interspersed in the cortex region. In addition, cells containing
variously shaped crystals are also commonly seen distributed in the cortex. The outermost
layer is the epidermis. It develops root hairs behind the growing apex as in other roots, -
Secondary growth begins with the development of arcs of cambium on the inner side of the
phloem. The pericycle cells in between these arcs too become meristematic and join the arcs
of cambium to-form a completecambial ring. The activity of the cambial ring generates the
secondary Xylem towards inside and the secondary phloem towards outside.

mrT— - -

Coralloid Root — Anatomically the coralloid root is quite similar to the normat roottxcept
that it has a wider cortex with a well-defined algal zone almost in its middle (Fig. 2.4 ¢,d).
This zone consists of thin-walled, radially elongated cells that are loosely airanged, having
large intercellular spaces occupied by cyanobacteria such as Anabaena and Nostoc; some
reports indicate the presence of algae such as Ulethrix, Chroococens and Calothrix, The
cortex consists of parenchymatous cells. A phellogen (cork cambium) and a few layers of
cork cells are present on the periphery.

2.3.2 Stem ,

The stem has an irrégular cutline due to the persistent leaf bases. In a transverse section, a
large, parenchymatous pith occupies most of the central region and forms a major portion of
the entrre stem. The pilh cells contain large amounts of starch — sago, which is commercially
exiracted from some specics. Pith is surrounded by a ring’ of numerous smali vascular
bundles which are collateral and open. The protoxylem is endarch. Oulside the vascular ring
lies a wide cortex which is connected with the pith by broad medullary rays. The stem of
Cyees is mostly parenchymatous with 3 scanty amount of xylem. This condition is referred
to as manoxylic {also see Section 1.2.3}. In such a situation mechanical strength to the stem
is provided by the thick and rigid armour of leaf bases and periderm. Some cells of the pith
and medullary rays contain caiciun oxalate crystals. In addition, mucilage cells arc 2lso
_present both in the pith and the cortex, and these form a network that extends into the -
branch and leaf traces as well. Mucilage helps in the conservation of water and this is a
xerophylic character., )



" Quter Periderm

Secondary xylem
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Secondary xylem

Protoxylem
Cambium
Inner periderm

~ Quter periderm

Protoxylem
Metaxylemn

Inner cortex
Algal zone

Quter cortex

T ' \{ -
Fig. 2.4 : Cycas ap. normal root {a, b) and coralleid root (¢, d). a) Oulline diagram of a l:rlh.gvcru
section of a normal root. Note the diarch condition. b) A sector of the normal root |
enlarged to show 1he cellular detalls. ¢) Outline diagram of @ transverse sectlon of n
coralfold rooL Mark the posltion of the algal zone. d) A part of the algal zone
maguliied to show the radially elongated cells containlag the alga {(a-¢, after Pant,
1973; d, alter Weitstein, 1935}. ’

Secondary growth takes place quite early, The interfascicular cambium develops and joins
the intrafascicular cambium. The cambium cuts xylem towards inside and phloem towards
outside. To begin with, the stem of Cycas is menoxylic,-i.e., with one ring of vasculature,-

but becomes polyxylic later as a result of accessory rings of cambia thht arise in the cortex
(Fig. 2,5a). Numerous leaf-traces are seen in the cortex (Fig. 2.5b). . ‘

Box 2.1 : The leaf traces in Cycadales

Leaf traces are the strands of vascuiature that enter the leaves. In cycads, each leaf is
supplied by two types of traces both arising from the primary vascular bundles. These
are girdle traces and the radial or direct traces. The girdle traces arise on the side of
the stele opposite the leaf which they will ultimately enter. In their course through the
cortex, they girdle the stele on two sides just like the curved prongs in a pair of tongs,
and become completely reversed while passing through the cortex. These girdle traces
are characteristic of Cycadales. The radial or direct traces do not girdle the stele but_
take a straight path through the cortex, before entering the leaf- '

Cyeas
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@ Girdling leaf race

Fip. 2.5 : a) Oycas sp., autline diagram of a-stem in transection. Nate the armour of leaf bases, large cortex,

plth, and the palyxylic condition, b) Zamia sp., cutline sketch of stem in transverse scction.
Prominent leaf trace girdles are seen in the cortex. Also note the manoxylic wood. A large number

of mucllage ducts are scattered all over the stem, (From Bhatnagar & Moiira, 1996).

2.3.3 Leaf

Cycas produces two types of leaves, that is, it exhibits dimorphism. There are large, green
foliage leaves and small, brown cataphylls or scale leaves. The scale leaves appear brown
due 1o a heavy coating of bicelled hairs known as the ramenta. Crowns of foltage and scale

leaves alternate regularly.

The foliage leaves (Fig. 2.6a) are unipinnately compound with numerous leathery, opposite
or alternately arranged leaflets (= pinnae, pinna-singular} which are spine-tipped. The leaves
possess a long rachis and a short petiole. At the base of the petiole are present two rows of
small stiff spines (Fig. 2.6a, arrows). The margin of the leaflet is either revelute as in C.
revoluta and C. beddomei; or flat, as in C. circinalis, C. rumphii, C. pectinata, and C.
siamensis. A prominent midrib runs the entire [ength of the leaflet. The plant possesses fern-
like characters such as straight or circinate rachis and circinate vernation of leaflets (Fig.

2.6b, c).
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Fig. 2.6: Cycas reveluta. a} A leal showing the apieal (ap), middte {mi), and basal (ba) portiens. b) Samc, a1
younger stage showing unrolling of rows of circinate leflets from base upwarils, i.c., in acrapetal
suceession. ¢ 1.%. young leal showing twa circinate leaflets an the rachis {a, After Pant. 1973; b°

cand ¢, afier Gilford & Foster. 1989).




The leaf anatomy of Cycas is discussed under two subheadings — rachis and leafiet. . _ Cycadopsida:

Cycas
Rachis — The rachis is cylindrical and bears leaflets inserted on the adaxial (dorsal) side;

this makes the outline appear like a shield. The epidermis is thick-walled and covered with a

[ TR |

thick cuticle except in the region of stomata. The hypodenmis consists of a mixture of
sclerenchyma and collenchyma followed by parenchymatous ground tissue, in which are
interspersed the vascular bundles. These are arranged in an ar~ that appears like a ‘U’ with
arms, or like the inverted Greek letter Q (Omega). Mucilage .unals are present both on the
inside and the outside of the vascular arc. )

The vascular bundles of the rachis demonstrate an interesting behaviour. You may recall
that two bundles of a leaf trace enter the base from the stetn. At this Jjuncture the bundles are
endarch or centrifugal, i.e., the protoxylem is inside and the metaxylem is towards the
periphery of the rachis. The vascular bundles, as they enter the leaf, split into a number of
strands and get arranged in the form of an inverted omega (see Fig. 2.7a). At this level, the
xylem elements remain entirely endarch or centrifugal. After traversing some distance in the

rachis, the centripetal xylem elements appear on inner side of the protoxylem. Subsequently,

formation of centrifugal xylem is reduced gradually on moving towards the tip. Therefore,
near the tip of the rachis the centripetal xylem is more abundant than the centrifugal xylem
(Fig. 2.7b). These peculiar, diploxylic vascular bundles having both the centripetal as well
as the centrifugal xylem (Fig. 2.7c) are aiso termed pseudo-mesarch. As the bundles move

. further into the leaflets, they become exarch wilh no traces of centrifugal xylem.

Vascular bundles

Centripetal xylem

:- Cortex -

P
S,
R
- A
[

(I:erlytriﬁjga] ;(‘)"l[:m
P -+ Phloem

Pith [

s
=N
s
B

o
s

)]

Fig. 2.7: Cycas sp. 8) Quiline dingram of rachis in transcetion, Note the inverted omega-shaped grrange-
ment of vascular bundtes. b) Diagrammatic representation of a part of stem with two petioles,
showing the course of vascular bundle from the stem to the ptliole, and the retationship of the
ceatripetal and centrifugal xylem. ¢) An enlzrged view of a dlploxylic vascular bundle, (a, Afler
Fanl, 1973; b, after Le Goc, 1914; c, afier Maheshwari, 1960).

Leaflet — The entire leaf of Cycas exhibits a number of xerophytic characters. Each leaflet is
dorsiventral and the epidermis comprises thick-walled cuticularized cells with simple pits.
The hypodermis is one -, or two-layered and its cells are alsn cutinized and lignified.
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The mesophyll is differentiated into 2 single-layered palisade, and multi-layered spongy
parenchyma (Fig. 2.8 a,b). The vascular bundle is diploxylic. Isolated thick-walled cells
extend from it to the hypodermal cells. Some tracheid - like cells with reticulate thickenings
or bordered pits on their walls are present on either side of the centripetal metaxylem. These
constitute the transfusion tissue, which is connected to the surrounding parenchymatous
cells. Additionally, between the palisade and spongy parenchyma lie a few layers of
empty, tracheid-like cells with reticulate thickenings and pits on their walls. These cells
are arranged at right angles to the longitudinal axis of the leaf, and are present from mid
rib to the margins of the lamina. These are designated as the accessory transfusion tissue
and function as lateral conducting tissue. The stomata are sunken and occur only on the

lower side (Fig. 2.8c).
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Translusion trachcids
Cenfripetal xylem
Centrifugal xylem
Phloem

Fig.28: C)'c;s ap. 8) ¥erlical seclion of a leallct showing thick-walled epidermis wilh cuticle, and stomatn
on the fower region. b) A portlon of the same enlarged to show the diploxylic vascular bundle.
and transfusion tissue (a and b, after Pant, 1973).

SAQ 3

Tick the correct word(s) given in parentheses.

a)  The primary root sysleim consists or(lapfﬁbrous} rool(s).

b} The {coralloid/acrial} roots are apogeotropic, and help in fixing atmospheric nitrogen.

¢)  The coralloid root differs from normal root in having (narrow/wider) cortex region and
the (presence/absence) of an algal zone.

d)  The irregular outline of the stem is due o (unusual secondary erowlh/persistent leal
bases).

e)  (Mucilage/Sago) is a commercially exploilable product derived from the stem.
) The stem derives its mechanical strength from (massive xylem/leat base armour}.

9 The accessory ransfusion tissue functions as {secretory Lisstte/conducting tissue) in the
lealets of Cyeas.
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Cycadopsida:

2.4 REPRODUCTIVE STRUCTURES : _ Cyeas

Cycads are dioecious, i.e., the male and female reproductive structures are bome on separate
plants, The Cycas plants undergo vegetative growth for about ten years and then start
bearing the reproductive structures. One cannot distinguish between the two sexes until the
plants have borne the male and female reproductive structures. Even the bulbils meant for
vegetative propagation develop into the plant of the same sex as (he parent.

2.4.1 Male Cone and Gametophyte

The male cone is very large, oval or conical in shape (Fig. 2.9a) and usually occurs singly in
the centre of the crown surrounded by scale leaves. The surface of the young cone is

. covered totally by brown scales. The mature cone emils a strong characteristic odour that
can be smelled even from a distance. :

The cone has a central axis on which the microsporophylls are arranged in a spiral manner.
Each sporophyll (Fig. 2.9b) is a hard, horizontally flattened, woody structure consisting of a
wedge-shaped portion with a tapering upcurved apex. Numerous sporangia (sporangium -
singular) are borne on the abaxial (lower) surface (Fig. 2.9b), and these are clumped
together in groups of 3, 4 or 5 to form sori (sorus — singular). Each sorus is surrcunded by
single-celled soral hairs. Each sporangium has a massive stalk and dehisces by a
longitudinal slit (Fig. 2.9d) that forms on the wall. About 700 sporangia per"spprophyll are
found in C. circinalis and there are around 1160 in C. media,

[\gicrosporophylls

Dehisced
microsporangium

"/ Undehisced
4S¥] microsporangia
in sorj

I_-

AR S
Microsporangium 7P
(c)

Fig. 2.9: Cycas circinalis. u) A mature male cone. Note the spirally arranged mlcmsp-uﬁphylh. b)
A microsporephyll in abaxial view showing numerous mlcrosporangia arranged In sori.
¢) Undehisced microsporangla arranged in groups forming sorl. Note the soral bairs
surrounding the sori, d) Dehisced microsporangia. (Redrawn from : a, Maheshwari,
1960; b-d, redrawn [rom Wieland, 1906).

The male cones are terminal in position, but from the base of the peduncle arises a lateral
bud that pushes the cone to one side. The new shoot apex thus formed soon produces a
crown of leaves and scales, and ultimately bears another male cone. This type of growth is
termed sympodial.

The cellular details of a microsporophyll are depicted in Fig. 2.10a,b. In addition to the 37
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Gymnosp vascular bundles, mucilage ducts are interspersed in the ground tissue. On the.lower or

abaxial side are the sporangia. Each sporangium has a characteristic exothecium. Inner to it
lie the tapelal tissue and the microspores (Fig. 2.10b).

Microsporophyll
- Mucilage duct

@ Microsporangiutm

0 “1—“—-—r"yirr"-r=- i E

Microsporophyll

Mucilage duct

Microsporangium
Exothecium

Fig. 2.10 : Cycas reveiute n) V.8, microsporophyll showing abaxial micresporangia. ) Same. 2
part enlarged. The micrasporangium shown here has got cut longitudinally (n. b. After Pant,
1973).
The microspores or the pollen grains develop from microspore mother cell (Fig. 2.11a)as a
result of microsporogenesis. The microspores at various developmental siagzes are depicted
in Fig. 2.11. The mature pollen grain is boat-shaped due to a depression on one side. They
are shed at the 3-celled stage, i.e., one prothallial, an antheridial and a tube cell.

—pArrT o - -

!Tubu cell
=3 Anthenidial
Ry cell

Fig. 2.11 :  Cycas sp. Devclopmentel siages of fhe male gametophyte, a) A microspore mather celt
belore meiosis; note Abundant starch. by After meiosis, microspere tefrnd is farmed. ¢
Uninucleate mierdspore. d) Twi-celled microspore with antheridial initial and
prothallial cell- ¢} Mature pollun grain at shedding stage consists of three cells. The
tube cell and the antheridial cells nee the producis al the antheridinl initial shown in d, )
&lature pollen in side vicw showing a pramineni furrew marked by an arrow.
38 {After Pant, 1973}



2.4.2 Female Strobilus and Gametophyte .

The genus Cycas is unique amongst other cycads in not having a compact female cone (Fig.
2.12). The female plant bears successively the foliage leaves, cataphyils and then
megasporophylls. This sequence keeps on repeating. From the point of view of origin, the
megasporophylls have been compared to the foliage leaves and the two are considered to be
homologous. In C. revoluta they appear like modified and reduced foliage leaves that are
copiously covered with brown ramenta (Fig. 2.12c).

I ay
' §;,}M.‘ o8
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®)

Fig. 2.12: a, b) C circinalls; c) C. revofuta a) A clusier of megasporaphylls. Sterile scale lenves
are presenl at their base. b) A megasporophyll enlarged. Note ovules in two rows, and
oppotitely arranged. The tip (arrow) portion of the megasporophyll is sterile. )
Another megasporophyll. Mark the same features as in b. The sterile Llip portion Is .
larger, flattened and fan-like. (a, b, after Maheshwari, 1960; ¢, redrawn (rom Gifford "and
Faoster, 1989),

Each megasporophyll is about 30 ¢rn or more in length, and it bears 2 to 12 ovatles arranged
in two rows. The ovules are orthotropous, short-stalked and are either oppaositely or sub-
oppositely arranged (Fig. 2.12 b, ¢). Cycas is known to produce the largest ovules in the
plant kingdom ranging between 6-7 cm in length. In a young ovule a distinct megaspore
mother cell is seen (Fig. 2.13a). It undergoes meiosis to form a lincar tetrad of megaspores,
of which only the lowermost is functional. This undergoes a series of mitotic divisions to
first form a free nuclear female gametophyte which eventually becomes cellular. Formation
of archegonia begins soon after the gametophyte becomes cellular. As the female
gametophyte develops, the micropylar surface of the gametophyte which bears archegonia
separates from the covering celis to form a space called the archegonial chamber, Various
developmental stages of the female gametophyte and archegonium are depicted in Fig. 2.13.
Study this figure carefully. ’

The mature archegonium has a neck made up of a single tier of two cells; there are no neck
canal cells and the ventral canal nucleus also degenerates, The egg nucleus is large, up to
500p in Cycas revoluta and is visible to unaided eye. It takes about 2 * months for the
archegonia to mature, ’

Cycadopsids:
Cycas
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Quter integument ;
Middle integument-52-

Megaspore molher cell

Nucellus -
/

Free nuclgar 1"':._
ga.meloph'yi 198

Fig. 2.13 : Developmental stages of femalc gametophyte in cycads. a-c, £-j) Cyras spp-; d. €) Digon

sp. a)A megaspore mother cell. b) A tetrad formed afier meiosis in megaspore mother
¢ell, ©) The functional megaspore is a Iarge, distinct cell, whereas the remaining

three degeneraled megaspores arc present a3 dark masses. d, ¢} Stages showing
formation of numeraus nuclei after division of the functional megaspore. The free
nuclei gradually acquire cell walls around them, as shown in ¢. Note the radial
arrangemend of cells. In ¢, also note three layers — outer, ‘middlc and inncr. of the
inlegument enclosing the nucellus thal has a prominent pollen chamber at the tip.
Further, nrchegonial initials differentiate from amongst micrapylar cells of the female
gumelophyte. This and the subscquent stages of archegonium are depicted in o j. 7}
Archegonial initial divides to form a neck initinl and a central cell. g) A young
archegonium has s central cell, two neck celis and a distinet jacket. h) The ceniral ccll
nucleus undergoes diviston, Nole prominent aeck cells ai this stage. i) Maturc
archegonium has egg, veniral canal nucleus, and Jepenerated neek cells. The cpg
puclcus enlarpes und often reaches up to 500 pm inl size, and occupies central position

in the archegonium. j) Part of free nuclear embryo and surrounding jacket cells. The
thick egg membranc shows lprge pils thraugh which cytoplasmic conncction is
maintained. (a-c, after De Silva and Tambiah, 1950; d. ¢ after Chamberlain, 19355 [ by
after Swamy, 1948, g, i. j. after Maheshwari, 1960).
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SAQ 4
Cycrdopsida:
Which of the following statements are not true for cycads? Choose the correct answer from Cycas

the choices given below.

i) A bulbil borne by a female plant would also produce a female plant.
i)  Most cycads bear several male cones and a single female conce,
i) A mature female cone emits a strong characteristic smell to attract pollinators.

iv) Cone, sporangia, microsporophylls and sori is the order in which the structures are (o
be handled to have access to the male gametophyte.

v}  The reproductive structures are devoid of mucilage ducts,

vi} The female plant sequentially bears first the foliage leaves, fol]ow§d by cataphylis and
then the megasporophylls.

vi() The megasporophylls are considered as the modification of the foliage leaves,
viii) Cycads are known to produce the smallest ovules in the whole plant kingdom.
Cholces of Answers

a) i, i, iii, vii

by iif, v, wvi, wii

c) v, v, vi, vii

dy i, iv, v, vii

2.5 POLLINATION, FERTILIZATION AND
EMBRYOGENY

After the development of male and femaie gametophytes, further development can take
place only afier these two are brought together through pollination, and subsequently
fertilization. The pollen grains are transported to the female plants by means of wind or
insects. They are caught in the pollination drop secreted at the tip of the ovule, and are
subsequently ‘sucked in’ through the micropyle to the pollen chamber. The polien chamber
is then sealed from the outside world to prevent invasion by pathogens and to provide a
congenial environment to the developing embryo. In the meanwhile, the pollen grain
germinates to form a pollen tube at the end opposite to the prothallial cell and it is haustorial
in nature. The antheridial cell divides into stalk and spermatogenous cell. Two sperms are
formed by the division of the Spermatogenous cell (see Figs 2.11, 2.14). The continued
growth of the haustorial pollen tube leads to the degeneration of nuceilar tissue. The
spermatozords of cycads are the largest male gametes of the plant kingdom, and can be seen
with naked eyes. The sperms are top shaped and have a spiral band which makes six turns
on the body, and to it the flagella are atiached. The sperms are released in the archegonial
chamber from the pollen grain through tubultar growth on the side of the prothallial cell, it
eventually casts off its flagellar band and its nucleus approaches the egg and sinks into it.
This marks the completion of fertilization. Zygote is the product of this process. Of the two
sperms produced per pollen, only one participates in fertilization, whereas the second sperm
degenerates. Embryogeny begins by the division of the zygote. In early stages, the
development is free-nuclear and the nuclei arrange themselves around a vacuole in the
archegonium. Later, most of the nuclei move towards the base, and the upper portion has
few nuclei. Wail formation starts from the base and these form the proembryo, The upper
cells elongate to form the suspensor. Complete cellularization does not take place. The zone
of cells separating the suspensor and free nuclear zone is called the buffer zone.
Polyembryony, occurs in the initial stages, but ultimately the most vigorous embryo takes
the lead and matures. The growth of embryo in the seed is very slow and it takes over a year
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for the embryo to mature
afler fentilization. Since there
are several ovules per
megasporphyll, one may ask,
how many develop into
seeds? Many of the ovules
remain unpollinated and
abort or remain small. Ripe
seeds are broad, elliptical or
egg shaped, somewhat
flattened laterally and are
bilobate.. Young seeds are
copiously covered with
brown hairs. By the time the
seeds become mature, these
hairs are shed. The ripe seeds
are fleshy and become bright
orange or red in colour.
Being tropical or sub-ropical
plants, cycads do not
undergo winter rest. Seed
germination is hypogeal
(Fig. 2.15).

Circinate vemation

Uninucleate microspore

Prothallial cell

Anthgridial initial

/N

Antheridial cell Tube Cell

Sterile cell Spermatogenous cell

Flagellated sperm  Flagellated sperm

Fig. 2.14 : Schematic disgram depicting stages in Ihl:-dl:\-’l:.‘lt]pl'l‘leﬂl
of male gametophyte in cycads.

Fig. 2.15 : a-1) Stages af develupment of 8 Cycas seedling,

{a-I, after blaheshwari, 1260),
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2.6 DISTINCTIVE FEATURES AND CONSERVATION Cyeas
CONCERNS

Cycads were common during the mid-mesozoic era, and their antiquity is established by the
large number of fossil cycads reported from many parts of the world. Present day cycads
have a very limited distribution. Most ¢ycads contain certain glycosides (cycasin and
macrozamin} that are poisonous, or some other physiologicaily active substances. It is
believed that the ptesence of these substances might have helped this group to survive up to
the modern era (also see Unit 5, Economic Importance of Gymnosperms).

Box 2.2: Reasons for Decline and Conservation Measures for Cycads

Cycads are under a lot of pressure because : (i) their natural habitats are being
indiscriminately spoilt/destroyed; and (ii) they are being continuously removed for
sale or as collectors’ items. The TUCN (Intenational Union for Conservation of
Nature and Natural Resources) currently recognizes 26 species as endangered
worldwide. It is important to conserve the cycads at the international as well as local
level. The CITES (Convention of Intemational Trade in Endan gered Species)
prohibits/restricts trade in endangered species, and some ¢ycads are listed under these
categories. Cultivation in Botanic Gardens has played a major role in the conservation
of cycads. Increasing awareness about the importance of cycads may help ensure their
survival in natural habitats also.

The Cycadales, like the pteridosperms, show a number of filicean characters combined with I:‘em';“:“fi‘di‘:"mﬂ?;i%‘;ﬂ“
Lhe'seed-bear_ing habit along v{irh- gymnospermous features. However, unlike the seed ferns, the Ca’:bznifergcus period [0 the
their sporangia are borne on specialised lateral structures — (he sporophylls. The sporophylls  permian. They had features of both
in tum are organised into groups called terminal male and female cones. Cyeas is the only fems and gymnosperms, i.c., foliage
exception in that it has lax arrangement of leaf-like megasporophylls. The anatomical " like the fems and formation of sceds

. . . : like th nos .
characteristic feature of cycads is the presence of girdle traces in the stem. e Tie gymnosperms

This group of plants has survived as remnants of a line of plants that once dominated the

', earth’s vegetation. But they are now decreasing rapidly, partly due to their natural decline
and more because of man's indiscriminate intrusion into their natural habitats. The time may
not be very far when probably all the species may Jisappear if they are not protected from
man’s onslaught,

In India as well as in other parts of the world, cycad species find themselves on the verge of
extinction and are listed in the Red Data Book. There is thus an urgent need to conserve
these ancient plants. In fact, reintroduction of saplings into the habitats from where they
have been depleted is one conservation measure. The second conservation-measure involves
in vitro propagation using biotechnological tools. You may also think of some ways of
conserving this fascinating group of plants. :

SAQ 5 Make a concept map of the events associated with pollination in cycads?

o -
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SAQ 6 Draw parallels between the eyeads and the TFilicales.

"—~—ﬂ-——-—yit11- w0 g

2.7 SUMMARY

In this unit you have studied that : .

Cycadales were prevalent during the mid-mesozoic era. At present, over 100 species
grouped in 11 genera are found in restricted locations, both in the Eastern and the
Western Hemispheres.

Cycas has a palm-like appearance with columnar, aerial trunks and a crown of leaves.
The bulbils which are adventitious buds develop into branches and also contribule to the
vegetalive propagation of the plant. Two crowns of leaves are produced annually during
the favourable seasons

e b

In Cyeas, the primary root system comprising a tap root is replaced by adventitious
roots. Some of thesc roots branch dichotomously, turn apogeotropic and perform the
role of nitrogen fixation, and arc termed as coralloid roots. Anatomically young roats
resemble those of angiosperms. The coralloid root anatomy is similar to the normal root.
but it additionally has a distinct algal zone in the middle of the cortex.

The stem is characterislic of xerophytes. The abundant mucilage cells help in
conserving water. Pith is prominent, and it occupies nearly one third area of the stem.
The wood is manoxylic and stenis derive mechanical strength from the persistent |eaf
bases present on the surface. The girdling leaf traces are the other characleristic feature
of cycad stem.

Cycas bears dimorphic [caves — the scale leaves and the foliage leaves produced in an
alternate manner. The scale [caves have a dense coating of the ramenta: and the foliage
leaves are unipinnately compound having circinale vernation, rachis and leaflets. Both
rachis and the leaflets exhibit xerophytic characters. The vasculature of the rachis shows
distinct diploxylic (pseudomesarch) bundles.

Cycas bears male and female reproductive organs on scparate plants, i.c., they are
dioccious. Male cone is a larke terminal structure, borne singly and has a peculiar
odour. The male cone consists of a large number of microsporophylls, cach bearing
numerous sporangia present in groups on its underside. The female plant bears scveral
megasporophylls, each bearing many ovules arranged in two rows.

Pallination is effected by means of insects or wind. The sperms are flagellate and are the
largest male gametes in the plant kingdom. The product of fertilisation is zygote, It
undergocs embryogeny and forms the seed. The seeds do not undergo dormancy, and
exhibit hypogeal germination.
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® ltis belicved that the presence of certain physiologically active substances in cycads
have enabled them to survive up to the modern times. This group also presents marked
similarities with the seed-ferns.

2.8 TERMINAL QUESTIONS

L. What promotes branching in cycads?

2. Why is it that some cycads have thinner trunks near the lower region as compared to the
upper part?

3. Given a Cycas tree, how would you determine its age?

Compare the normal and the coralloid roots of Cycas. Draw labelled figures to mark the
differences. .

5. With the help of labelled outline diagrams only, depict the structure of rachis at two
levels in the leaflet, one, near the point it connects the leaflet, and the second, near jts
tip.

6. Compare the male and female reproductive structures of Cycas.

7. List the anatomical features that are characteristic of cycads.

8. Devise a strategy for the conservation of cycads.

2.9 ANSWERS

Self-Assessment Questions

1. d
2. ¢
3. a) tap
b) coralloid
c) wider, presence
d)} persistent leaf bases
e) sago
f) leaf base armour
g) conducting tissue
4, d
5. See Section 2.5

Hint : Pick out the pollination related key terms from the section, arrange them in a
logical sequence and connect them with arrows. You may use connecling words for
linking these terms,

6. Hint: Read Section 2.6. and compile all the relevant points given in the Unit.

Terminal Questions

1. Physical injury is an important factor leading to branching in cycads.

2. As the trees age, the older leaf bases, which obviously are near the lower region abscise.
Therefore the Tower trunk appears thinner than the upper region,

3. Count the number of leaf bases, divide by half the number of lcaves in the crown. See
Section 2.2.

4. Refer to Section 2.3.1.
3. Read the descriptions given in Section 2.3.3 and make outline diagrams.
6. See Subsections 2.4.1 and 2.4.2,

Hint: It would be a good idea to bring out these differences in a tabular form. Outline
diagrams can enhance the clarity of your answers. So make as much use of them as
possible,

7. Hint : Write the anatomical peculiarities of the vegetative structures.

8. Write your viewpoint, _
Hint : You can include the following aspects in your answer: spreading awareness, in
situ conservation, use of the biotechnological breakthroughs.

Cycadopsida:
Cyeas
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- 3.6  Embryogeny and Seed Development

UNIT 3 CONIFEROPSIDA: PINUS

Structure
3.1 Introduction
Objectives -

32  Distribution, Habitat and General Features

3.3 Vegelative Structures
331 Rool
3.3.2. Stem
333  Leaf

34  Reproductive Structures
34.1 Male Cone and Gametophyle
342 Female Cone and Gametophyle

T T T-‘l‘— T

3.5 Pollination and Fertilization

37 Summary
3.8  Terminal Questions

3.9 Answers

3.1 INTRODUCTION

You have read a general account of gymnosperms and have also studied about Cycas in
detail in Unit 3. In this Unit vou are going to study about Coniferales and in particular
Pinus.

Coniferales constitute about 75% of all the extant gymnosperms, and form an important
component of the world flora today. This order has seven famllles comprising 52 genera and
550-600 species.

The Conifers : Some genera are widely distributed all over the globe while several taxa are
endemic and show restricted distribution. This indicates that this is an ancient group which
was once widely scattered (mid-Mesozoic era) and extensive forests occurred in Europe.
Subsequent decline led to their disjunct distribution.

The temperate regions of the world are home to the comfers only fcw genera are trop:cal
The height of the plants is much variable.

General Characters of Conifers

1. Woody perennials with long and dwarf shoots, presence of foliar and scale leaves.

Tap roots associated with ectotrophic or endotrophic mycorrhiz.aé.

2

3. Wood pycnoxyllc secondary xylem lacks fibres.

4. Reproductive organs found in unisexual compact cones.
5

Pollen grains (winged/non-winged) produce non-motile sperms.

You have learnt in Unit 1 that Coniferates consist of seven families viz. Pinaceae,
(Abietaceae) Taxodiaceae, Cupressaceae, Podocarpaceae, Araucariaceae, Cephalotaxaceae
and Taxaceae.

Pinaceae constitutes the most widely represented {amily of the conifers. Here we shall
familiarise you with the Pinaccae in general and the genus Pinus will be described in detail.

Pinaceae

The family Pinaceae, has 10 genera; Abies, Catha '_qL‘Cedrus, Keteleeria, Larix, Picea,
Pinus, Psendolarix, Psendotsuga and Tsuga.
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It comprises highly resinous shrubs or trees. Leaves are evergreen or deciduous, usually Coniferopsida: Pinus
wilh resin canals, needle like or oblong, solitary and spirally arranged or grouped logether
on spur shoots.

Male and female cones occur on the same tree. Male cones have an axis with numerous
spirally arranged microsporophylls. Female cones have bract scales and ovuliferous scales;
seeds are winged or unwinged, two per scale.

_ Six genera are found in the Indian subcontinent. These are Pinus, Tsuga, Picea, Abies,
Cedrus and Larix. Now we are going to describe the genus Pinus and give a detailed
account of its morphology, anatomy and reproduction.

Ohjectives

You have already become acquainted with the cycads. After studying this unit you will be
able to:

@  state the general characters of conifers,
list the various genera belonging to Pinaceae,
state the distribution of various species of Pinus in India,

describe the morphology and anatomy of the vegetative structures,

give an account of the structural and developmental details of male and female cones,
and the gametophytes conlained therein,

give an account of pollination and fertilization, and

®  describe proembryo formation and subsequent embryogeny.

3.2 DISTRIBUTION, HABITAT AND GENERAL
FEATURES

The genus Pinus is the most well known representative of this family and has been known to
mankind since times immemorial. Pines are distributed mainly in northern Europe, North
and Central America, subtropics of Norih Africa, the Canary Islands, Afghanistan, Pakistan,
India, Myanmar and the Philippines, and spread up to Indonesia after crossing the Equator.
In tropical areas they occur at sub-tropical or high temperate altitudes. P. merkusii is the
only pine that crosses the Equator. '

The genus Pinus is represented by over one hundced species of evergreen trees. The pines
form extensive pure forests or contrastingly form mixed forests in association with broad
leaved trees. Seven species of Pinus occur in India, of which four are restricted to the
Himalayas.

Pinus is a beautiful all tree, with horizontal branches arranged in whorls, giving the tree a
pyramidal appearance but in later stages the trees start losing their symmeiry.

Box 3.1 : Distribution of Pinus in the Indian subcontineat aind neighbouring countries

Species Place of Occurence

P. wallichiana  {From Pakistan to Arunachal Pradesh through Nepal & Bhutan,
Kashmir, Himachal Pradesh, Kumaon, Sikkim, Arunachal Pradesh)

_P. armandii Arunachal Pradesh, C. & W. China & Taiwan

P. bhutanica Arunachal & Bhutan

P. gerardiana  N.W. Himalayas, Afghanistan to Kashmir, Himachal Pradesh -
P kesiya Khasi & Naga hills, Manipur, Myanmar & Philippines

P. roxburghii . Pakistan to Arunachal Pradesh at 450-2300 mt. {(Absent in Kashmir
where full force of monsoon not feit).

P. merkusii In Myanmar, Thailand, China, Indonesia, Phillipines recently reported
from Arunachal Pradesh.
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3.3 VEGETATIVE STRUCTURES

3.3.1 Root

Pinus exhibits two types of root system — the long roofs having potential for indefinite
growth constitute the main root system, while the branches with restricted growth and
relatively short life are the short or dwarf roots.

Resin ducl 3
|

Phloem

Secondary xylem

Mela xylem

Protoxylem i

Cortex

L REE

Fig. 3.1 : Pinus sp. Transverse section {T.S.) oT a young root alter secondary growth has been established.
The auter pard is scaling off in plates. There is a resin duct opposite each of the four protoxylem
points. The crushed protophloem is still visible, and outside it are cells rich in starch, and just
beneath (he scaling off [ayers nre numerous resin cells.

In Pinus both long and short roots are diarch or tetrarch (Fig. 3.1). The structure from
outside inward is epidermis followed by starch-filled cortex having an outer zone of smail
and an inner zone of large parenchymatous cells. The endodermis is single-layered with
Casparian strips and is followed 6 or 7-layered pericycle. The xylem and phloem show
radial arrangement, Each protoxylem point is associated with a resin duct (Fig. 3.]). The
metaxylem elements are made up of pitted.tracheids. The phloem alternates with xylem and
consists of sieve cells and parenchyma.The pith cells are rich is starch. Occasionally some
of them are tanniniferous too,

Secondary growth starts very early and the structure of the root, in later stages, is much
like that of the stem, -

The dwarf root of Pinus is anatomically similar to the long root. It, however, differs from
the long root in the absence of a root cap, resin ducts, starch in cortical cells and secondary
growth. The cortex is smaller in the dwarf root than in the long root.

“Mycorrhiza oceurs in scveral conifers. In Pinus it is well developed, and has also been

extensively studied. It exhibits well developed ectotrophic mycorrhizal association with
over 50 different species of fungi beionging to families Boletaceae and Agaricaceae of the
Basidiomycetes, The dwarf roots divide dichotomously (Fig. 3.2) and become modified into



Mycorrhizal root

Dwarl rool

Long rool

Manlle

Fig.3.2 : Pinus sp. a) Dlagrammatic representation of 2 young rooi. Roat hair zone K (in block) is near the
tip. Note that the absorbing surfgce (In black) on the infecled side {a-d) is greater thdan on normal
side (e-j}. b) T.S. root whose one half is normal and the other hall {(upper portion in the figure) is
mycorrhizal. Cortical celis are hypertrophied and enveloped by funge! filaments forming an
ectotrophic mycorrhiza In the infected part. ¢) Short lateral rools in infected condition branch
dichotomously. d) Mycorrhiza in an enlarged view. e) Ectolrephic mycorchiza with the
characteristic Hartig’s net and manule, (s, ¢, d after Hatch, 1937; b, e, after Hatch and Doak 1933}

mycorrhizal system after fungal infection, when the entire rootlet is enclosed by mycelium
(Fig. 3.2). The fungal hyphae penetrate the intercellular spaces in the cortical cells of the
rool forming the Hartig’s net (Fig. 3.2).

The pine-fungal relationship is symbiotic, the pine tree benefils by the increased absorbing
area of mycorrhizal roots and enhanced absorption of seil nutrients.

Long shoo!

Fig. 33 : a-¢) Pinus sp. &, b) Young éwarf shoots showing stages in the unfolding of ncedles. ©) Part of long
shoot hearing & dwarfl shoot with three needles. d) Dwarf shaot bearing five needles. (a-c, after
Maheshwari & Konar, 1971; d, after Konar & Ramchandani, 1958).

Coniferopsida: Pinus
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3.3.2 Stem

The stem is erect, woody and cavered with rugged scaly bark which peels off. The branches
are of two types; (i) the long shoots, and (ii) the dwarf shoots. The long shoots or branches
of unlimited growth bear an apical bud enclosed in bud scale. Each long shoot arises as a
lateral bud in the axil of a scale leaf. These lateral buds grow horizontally on the main stem
to a certain length and this is referred to as nodal growth. The spur shoots, when they fall
off, leave a scar on the stem. The dwarf shoots or branches of limited growth, also catled
short shoots, brachyblasts or foliar spurs, are borne on long shoots and arise in the axil of
scale leaves (Fig. 3.3 a-b). Each dwarf shoot bears two opposite scaly leaves, called
prophyils followed by 5-13, spirally arranged scaly cataphylls in 2/5 phyllotaxy.

The pine tree grows as a result of the activity of an apical meristem. In T.S. of a young stem
of Pinus you can see ridges and furrows formed due to adpressing of surrounding leaves.
Epidermis is followed by a broad parenchymatous cortex, a ring of discrete collateral and
open vascular bundles, and pith. Bundles are separated from each other by broad medullary
rays. Resin ducts with an inner lining of thin walled, epithelial cells are present. After a
wound is inflicted, many resin ducts are formed around it. Prior to secondary growth, the
fascicular cambium and interfascicular cambium join up forming a complete ring. The

Periderm

Resin canal

Secondary phloem

Cortex

Cambium

Wood ray

i L
LT '

A HIIN

W
il .
ot

Secondary wood

Pith

Annual rings of
first and second years

Fig. 3.4 : T.S. of & nyvo-ycar old stem uf Pinus with growth rings and pyenoxylic wood (After Foster 1989).

cambium cuts off two types of cells— the fusiform and the ray initials. The fusiform initials
are elongated with tapering ends and are tangentially flattened. They give rise to the axial
system i.e., xylem and phloem. The ray initials are small and isodiametric, and form the
radial system which is composed of rays. '

The cambium produces a continuous cylinder of secondary xylem towards inside and
secondary phloem towards outside (Fig. 3.4). The cambium also cuts off parenchyma cells
which give rise to secondary medullary rays. The tracheids of secondary xylem have
bordered pits (Fig. 3.5).

The secondary phloem has sieve elements the most characteristic leature of the which is the
occurence of sieve plate, on the radial walls throughout its length. The sieve plates consist
of numerous narrow channels lined with callose.

The rays are of two types: (i) uniseriate rays, and (ii) multiseriate or fusiform rays. Most of
the rays are of the uniseriate type; in height, the ray varies from 1 to 12 cells. The
multiseriate ray is always more than one cell wide and several cells in height. It is associated
with a centrally situated resin canal (Fig. 3.5b). The detailed structure of ray can be best
understood by examining sections cut in all the three planes. You must study Figure 3.5
carefully. The transverse section (T.S) shows the width and the length of the ray. The
longitudinal sections should be cut in the radial (RLS) as well as in the tangential (TLS
planes), If one began cutting tangential sections and continued to cut inwards, section
passing through the pith would be radial (see Fig. 13.5). 1t should be understood clearly that
a radial section cuts along the radius and also along the vascular rays while the tangential

el R



section culs at right angles to vascular ray. The TLS shows the height and width of the ray.
The RLS depicts the lengih and height of the ray. There are two kinds of cells in the rays —
the inner, starch filled, living ray parenchyma and the peripheral, non-living ray tracheids,
The ray parenchyma has simple pits while the ray tracheids show bordered pits.

CROSS SECTICH

Xylom ray
Tracheld of [alo wood
e 7Ty St ey s Ky ]
(B L AN 5 i o e
s ey e

o () ey

Tracheld of pary wood

Ray rochoid
Aay
parenchyma cell

TANGENTIAL SECTION

Fig. 3.5 : Three-dimensional disgram of a cube of secondary xylem ol Pimus sp. .

The wood structure of Pinus is much simpler as compared to the wood of dicotyledons. The
wood consists mainly of tracheids and characteristic feature is the absence of vessels. The

cork cambium differentiates in the first or second layer of the cortex. It cuts off cork on the

outer side and secondary cortex on the inner side.

Anatomically the dwarf shoot resembles the long shoot except for its diameter.

3.3.3 Leaf

The leaves on the dwarf shoots are of two types: 2-5, long, needle-like foliage leaves, and,
the scale leaves of protective nature. The needle number is constant for a species and is
used as a taxonomic character, eg. P monophyila has one. P. sylyestris has two, P.
roxburghii has three (Fig. 3.3¢) and P. wallichiana has five ncedles (Fig. 3.3d).

The primary (deciduous) leaves, which are always single, appear soon afler germination and
function as foliage leaves. The secondary (permanent) leaves, or the needles, are borne on
short shoot or brachyblasts in bundles in (he axils of scalc leaves.

In.P. monophyila the solitary needle is round (Fig. 3.6a), in the 2-needle pine (P. merkusii)
it is semicircular, and in three needle pines as in 2. roxburghii, it is triangular (Fig. 3.6 b),
The internal structure of needle is explained in (Fig. 3.6¢). The dermal layer (epi-and
hypodermis) is followed by mesophyli surrounding the diarch/monoarch stele. The
epidermis is a single layer of isodiametric lingnified celis covered with a thick deposit of
cutin. The hypodermis consists of 2 or 3 layers of cells which could be uniformly thin or
thick. The mesophyll is chlorenchymatous with varying number of plate-like or peg-like
infoldings of the wall projecting into the cell cavity. Resin ducts are ‘also present in the
mesophyll.

The endodermis is a single continuous layer of barrel-shaped cells. The pericycle is
parenchymatous, interspersed with transfusion tracheids. A sclerenchymatous sheath is
present around the vascular bundle. In P. roxburghii there are two vascular bundles, placed
at an angle to each other. The xylem consists of protoxylem elements and metaxylem
elements. Phloem consists of sieve cells and parenchyma. Transfusion tissue consisting of

Conifleropsida: Plnu:

51

a7 TATI 7



M- 4 oa

Gymnosperms

52

tracheids and parenchyma cells accurs on both sides of the vascular bundle; it plays a part in
lateral conduction of water and nutrients. The stomata are situated in longitudinal rows and
are sunken. The walls of the subsidiary cells and the guard cells are partly lignifted.

Stomata

Mesophyll

i e

Phlogm

Zyam

Fig:3.6: Pinus sp. a,b) T.5. needle, ¢) Part of a needle in T.S. enlarped to show lignified epidermis,
hypodermis, mesophyll with cells showing infolding of walls, endodermis with thickened outer
walls, transfusion tissue and two vascular bundles placed at an angle. (a redrawn lrom Gifford &
Faostar, 1989, b alter Konar 1943 g). .

SAQ1 .

State whether the following statements are true or false. Write (T) for true and (F) for false in
given brackets. .

1. The family Pinaceae haes only 7 genera. . [ 1]

2. The pines form extensive pure forest or mixed forest in association with broad leaved
trees. : : [ ]
3. Six species of Pinus are indigenous to Himalayas [ ]
The needle number of Pinus is constant for a species and is used as a taxonomic
character. : [ ]
SAQ2

Fill in the blanks with the appropriate words.
1. The cells of the cortex are filled With ........cooooeorerumrreensercreemrecsemessssionnenns .
2. Thephloem consists of ..o e and. parenchyma.

3. INPIRUS e mycorrhizal association is well developed.
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The pine-fungal relationship is ... .

In Pinus vascular bundles are ......cccovceviveevvcveeniievesncs and

.................... el tmmim el -

6. The sieve cell has ....................................... on the wall through out the length of
“cell. ) .

In the wood of Pinus there is absence of ..., .

in P. roxburghii the needles are ..........ooceeeienecceeece e nien i in T.8.

In P. roxburghii the bwo vascular bundles are placed at an ...........cc.ocovvu to each
other.

10. The stomata in ConfErales Are ... siie s e eeeesens ;

3.4 REPRODUCTIVE STRUCTURES

3.4.1. Male Coné and Gametophyte

The tree is monoecious, but the male and female cones are borne on separate branches. The
male cones arise on the lower and the female cones on the upper branches. The male

cones, which replace the dwarf shoot, oceur in clusters (Fig. 3.7a-¢). The number of male
cones in a cluster varies from 15 (P. wallichiana) to aboul 140 (P, roxburghii). Each male

Scala toal

Ll cono

Bract

Lirasparopiyl

Microsporangum

Microsporoptel

Ramn ducl

Fig. 3.7 : Pinus sp. n) Shool bearing cluster of male cones. b-¢) Early &nd lalc stages ol the male cone.
d) Lateral view of microsporophyll. ¢) Microsporophyll bearing two sporangia on abaxial side.
f) L.S. male cone.
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consists of a central axis on which the microsperophylls are spirally arranged (Fig. 3.7 f).
Each microsporophyll bears two sporangia on the lower or the abaxial surface (Fig. 3.7 d-f).
The cone axis elongaltes exposing microsporangia which dehisce longitudinally.

Microsporangium

You are already familiar with, the structure of the male cone of Pinus. Now you will study in
detail the developmerital changes that lead to the formation of male gametophyte.

One or more hypodermal cells differentiate as archesporial cells which divide repeatedly to
form an archesporial tissue (Fig. 3.8a). The peripheral cells of the archesporium divide
periclinally to give rise to a primary parietal layer and primary sporogenous celis (Fig.
3.8b). The former divides both periclinally and anticlinally forming a wall of 3 or 4 layers,
the innermost of which differentiates as tapetum (Fig. 3.8c). The remaining 2 or 3 layers are
the middle layers, which degenerate with the maturation of the sporangium (Fig. 3.8d). The
primary sporogenous cells, on the other hand, divide in all planes producing a mass of
sporogenous tissue, the last cell generation of which is known as microspore mother cell
stage.The epidermal cells. in later stages, develop fibrous thickenings except for a few cells

Archesponal ussue

Tapetumn

Pallen grain

Sporogenous lissue

Fig. 3.8: Pinus a) L.S. young microsporangium (o show hypodermal archesparial cells. b) Same, al 1 later
stage; wall layers and sporogenous cells have differentiated. c) Microsporangium at tetrad stage,
nolc binucleaie tapetal cells. d) Slightly older microsporangium showing young biszceale pollen
grains. The tapetal layer and inner wall layers have degenerated. c) Same, at maturity with pollen
grains at shedding singe. Epidermal cells have developed fibrous thickenings (a-c, after Konar,
£960; d, ¢ after Konar Ramchandani, 1958).

in a row, which mark the suture of dehiscence. The development of tapetum and
sporogenous cells is simultaneous in gymnosperms (Fig. 3.8¢).

Microsporogencsis

Prior to meiosis the cytoplasin of microspore mother cells and tapetal cells looks alike. The
nucleus of the mother cell undergoes reduction division which is followed by simultaneous
wall formation Lo give rise to a tetrad of microspores (Fig. 3.8c, 3.9 a-d). At the end of this
division, the callose sheaili is dissolved by enzymatic action and the young haploid
microspores are set free. The uninucleate pollen grain is the first cell of the male
gametophyte. The tapetal cells and other wall layers finally degenerate when the pollen is
formed (Fig. 3.9¢). '

1rn
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Male Gametophyte

The microspore nucleus cuts off a small lens-shaped prothallial cell towards the ]:'Jroximal
end and large central cell on the distal end (Fig. 3.9f). The central cell culs off a second
prothallial cell and an antheridial initial (Fig. 3.9g). The antheridial initial now divides to
give rise to a small antheridial cell and a large tube cell. The pollen grains are shed at the
four-celled stage, showing two prothallial cells, an antheridial cell and a tube cell (Fig. 3.9
h). In the microspores a thin layer of callose first develops at two sides where wings are
destined to be formed, and later spreads and covers the proximal end of the pollen grain. The
pollen is now mature and ready to pollinate the ovule. You shall learn about that at a later stage.

Prothallial cell

Cenlral cell
Tube cell

Anlheridial inilial b

Fig. 3.9 : Pinus sﬁ. Delails of microsporogenesis a} Microspare mothér cell. b, ¢) Meiosis [and 1, respee- s
tively. d) Microspore tetrad. e) Uninucleate pollen grain. f, g} Stages in the development of male
gamctophyte. In g, both prothallial cells have been cut off and the antheridial initial is undergoing
division. k) Mature, lour-celled (two degenerating prothallial cells, an antheridial cell and a (ube
ccll) polten grain at shedding stage (after Konar & Ramchandani, 1958).

3.4.2 Female Cone and Gamctophyte

The female cones (Fig. 3.10a) replace the long shoots and the number is variable but the
number may be up to six. Each female cone consists of a central axis on which 80 - 90
megasporophylls (ovuliferous scales or ovule-bearing scales), are arranged in a spiral
fashion (Fig. 3.10 b, c). The bract and the ovuliferous scales together form a secd-scale-
complex (Fig. 3.10 e, F}. Each megasporophyll bears two ovules on the upper or the adaxial
surface (Fig. 3.10d). The ovules are inverted with micropyle facing ihe axis of the cone. The
ovuliferous scale is initially much smaller than the bract seale, but in post-pollination stages
it overgrows the latter (Fig. 3.10e, ). .

Megasporangium and Mcgasporogenesis

The ovules of Pinus are unitegmic and crassinuceliate. The integtunent is free from the
nucellus for most part of its length, except at the chalazal rid. 1t fores a fairly broad
micropylar tube which is curved in during pre-pollination stages, but is curved-out at the
time of pollination. -

A hypodermal archesporiat cell (rarely more) is 1armed at the nucropylar end of Lhe broad
nucelius. 1t divides periclinally to form a primary parietal cell towards micropylar end and a
primary sporogenous cell towards chalazal end. The former divides both anticlinally and
periclinally so that the megaspore mother cell is pushed deep into the nucellus (Fig. 3.11a).
It forms a linear tetrad of megaspores alter meiosis (Fig.3.11b). The iowermost cell acts,as
the funciional megaspore and upper three megaspores degenerate.

Female Gametophyte

The functional megaspore enlarges considerably; its nucleus divides mitotically to give rise
1o the free nuclear gametophyte (Fig.3.1lc, d).

The number of nuclei in the free nuclear gametophyte is constant for a parlicular species.
When the free nuclear gametophyte has to become cellular, the first walls are laid

Coniferopsida: Pinus
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Chutg

Ovuliferous scala .
Raosin duct Bracl scale

vascular race

1l year

Fig. 3.10: Pinus sp. : a} Female cone at the lime of pollination (1st year). b, c) Same during the (ITod and
IHrd year) post pollination phase and at time of seed-shedding. d) Ovuliferous scale with two
seeds borne on adaxial surface. &) Longisection of a young female cone at the time of pollinrtion.

perpendicular to the megaspore membrane and extend to the middle of the central vacoule.
These cells are like long tubes that are open towards the inside and are called “alveoli”. As a
result of laying down of walls towards the center the gametophyte becomes cellular (3.11e).

A few cells (generally two or four) at the micropylar end of the female gametophyte become
large and prominent, and function as archegonial initials (Fig. 3.12a). Each archegonial
initial soon divides into a large central cell and a small primary neck initial (Fig. 3.12b). The
latter divides by two vertical walls at right angles to each other to form a neck of four cells
arranged in a single tier. The central cell enlarges very rapidly so that numerous vacuoles

‘are formed. This is referred to as the ‘foam stage’ of the archegonial development (Fig.

3.12¢). The central cell nucleus, meanwhite, divides into an ephemeral ventral canal ceil and
alarge egp cell (3.12d).

The gametophytic cells near the apical end of the individual archegonium grow vigorously
resulting in the sinking of the latter. Thus each archegonium has its own archegonial
chamber. Cells surrounding the archegonium form a special covering layer, the jacket (Fig.
13.12d). Numeraous pits are present on the inner thickened wall (facing the archegonium).
The archegonium maintains contact with the surrounding gametophytic tissue through these,
pits. When the pit membrane breaks down, various organelles, and even whole nuciei pass
from the jacket to Lthe egg cytoplasm.

-
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lurclicnal megospore

Fig. 3.11 : a-c} Pinus roxburghii. d-¢) P. wallichiona a) L.S. nucellus wilh a deep-seated megespore
maoiher cell. by Linear tetrad of megaspores; the chalazal one is funclional end the
upper three are degenerating. ¢) Four-nucleaie lemale gametophyle. d) Whale mount
of gametophyte al [ree nuclear stage. ¢) Walls have been laid down through alveali.
(after Maheshwari & Konar, 1971).

-

Meck call

Central cell

Meck inilial

Jacket

MNeck cell

Cylaplasmic inclusion

Jacket

Jackel

Cantral celt

Fig. 3.12 : a-d, Pinus sp. : a) Newly formed archegonial initial and its jacket. b) The archegonial initial has
been divided into neck initial and central cell. ¢) The central ccll has undergone rapid cnlarge-
ment; its cytoplasm shows nunerous vacuoles, The neck initial has been divided into tve neck
cells, d} L.S. upper part of archegonium showing neck cells and central cell nucleus undergeing
division which will resultin the formatiaon of ventral canat cell and cgp cell; note cytoplasmic

inclusions, after Konar & Ramchandani, 1958.
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SAQ3
State whether the following statements are True or False.

1. The Pinus tree is monoecious and male and female cones are borne on

same branch. [ ]
2. Seed crops in Pinus are not annual and occur atf the interval of two or

even more years., [ ]
3. The ovuliferous scale in post-pollination stages overgrows the bract scale. [ ]
SAQ4

Suppose that in certain species of Pinus the chromosome count in a leaf cell is 12 ? What
chromosome count do you expect in each of the following cells of Lhis species of Pinus ?

a. cell in amicrosporophyfl ...

b. megaspore ...

c. malegamete ......ccooreeiieceiee

d. cell of a megasporangium ........ccoeeeceieinniciienne e
e. ventralcanaleell . ...

-
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tapetal cell ..o e .

i cellofJacket .
SAQS5
Indicate what each of the following items becomes or develops into.

megaspore mothercell

o 8

ovule

MICTOSPOre s

o o

embIVO e e
inlegument e
functional megaspore

ZYEOE e

cover scales in pine cone et

5w oo

ovuliferous scales in pine cone

—

3.5 POLLINATION AND FERTILIZATION

Pinus is wind-pollinated. The yellow pollen is produced in such great abundance that in a
pine forest it is called ‘sulphur shower’. At this time the female cone is still open (see Fig.
3.10 a, e) and the winged pollen grains easily siff in, roit down the obliquely tilted scales and
finally come to rest in the vicinity of the micropyle. At this stage, the ovule secretes a drop
of sugary liquid, the ‘pollination drop®, which fills the micropylar cavity and exudes out at
the flared tip of the integument,

The secretion of the drop is reported to be a cyclic (24 hr cycle) phenomenon, which occurs
at night or in the early hours of morning.

The wings help to orient the pollen in such a manner that the germinal pore of the grain
contacts the drop and it gets sucked inside.

The pollen wbe arises from the intine. While moving through the nucellus the pollen tube
secreles enzymes dissolving the nucellar cell walls. As the tube emerges, the tube nucleus is

- opEpTIE
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Peallon tubp
Spermatagenous cell H

Tubie nucleus Stalu coll

Pollgn lue
Male aueeteys

Fig. 3.13 : Pinus sp. : 8) L.8. nucellar tip with three germinating pollen grains. In onc of the
pollen grains, stalk and spermatogenous cells are separating prior to their entry
into the palten tube. b) Same, part of avule showing a fertilized (lef) and an
unfertilized (right} archegonium. A poriion of the pollen tube is seen in the
nuecllar tissue. ©) Pollen tube from b enlarged to show the two unequal male
gameles, the stalk cell and the tube nucleus (after Konar, 1962).

the first to move into it followed by spermatogenous cell and stalk cells (Fig.3.13a). The
spermatogenous cell eventually divides into two unequal male nuclei (Fig. 3.13b, ¢).

Feriilization

The union of the male and the female gametes which results in the formation of zygote is
known as fertilization. The pollen tube enters the archegonium forcing itself between neck
cells. The pollen tube on bursting releases two uncqual male gametes, stalk cell and the tube
nucleus with associated cytoplasm. The male nucleus enters the archegonium and moves
towards egg nucleus and eventually fuses with it forming the zygote {Fig. 3.14).

Pollen lube
Frmale gemelophyte

Tube nucleus Female gamalophyle

Kale nucleus 2
Male nuclaus

tdalg nucleus 1

Eqgg nucleus
cyloplasm:c nclusions

cyloplasmmc inclusions

Fig.3.14 : Pinus sp. Stages in fertilization. 8} L.5. upper part of archegonium, The male nucleus is
nearing (he egg nucleus; part of the polien tube is scen At the top. b} Same, showing
fusion of the male and female nuclei to form the zygole. The second male nucleus
and tube nucleus are visible in the upper part of ¢gg cell. Cytoplasmic inclusions are
prominent (after Konar & Ramchandani, 1958).

Development of Proembryo

The zygote nucleus divides mitotically to give rise to two nuclei. The next division
immediately follows and the resulting four nuclei move to the archegonium base (Fig.3.15a-
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c). A third synchronous division results in eight free nuclei. Wall formation gives rise to an
upper group of cells, the primary upper tier (pU) and a lower group of cells. the primary
embryonal tier {(pE), each having four cells (Fig, 3.15d}. One more division in both the tier
(internali division) resulis in U, S and E. There are now 16 cells, arranged in 4 tiers. The
upper tier has no wall lowards the upper side and is thus open. The lower two tiers belong to
the E group, followed by S and U tiers, The lowest tier (lower four celis of E group) gives
rise to embryonal mass. Next tier (upper four cells of E group) elongates to form the
embryenal suspensor (Es).

Fnimary upper hior

Primary embryonal Tior .

Fig. 3.15: Pinus sp. a) Archegonium showing zygore nuclens in mctaphase. b-¢}) Two-and
fournutleate praembryos, respectively. d) Eight-celled proembryo arranged in two
tiers, primary upper {pU) and primary embryonzl (pE}, of four cclls cach. «)
Proembryo comprising of upper (U} and disfunctional suspensor (dS) and embryonal
group (E) of two licrs (after Konar & Ramchandani, 1958).

3.6 EMBROYGENY AND SEED DEVELOPMENT

The developing embryonal cells (Fig. 13.16 a-i) are pushed deep into the gametophyte by
the several fold elongation of the embryonal suspensors, In Pinus several crops of
embryonal suspensor (Es,, Es, - Es, and ........) are produced (Fig. 13.16 a-d). Proximal cells
of the embryonal mass elongate unequally forming the characteristic embryonal tubes. Four
or more embryos start clongating. Both simple and cleavage polyembryony are evident.
Only one embryo matures, whereas the growth of others is arrested at ditferent stages of
development.

The embryonal cell of the developing einbryo divides in various planes to form a
hemispherical apex at the Iower (distal or chalazal} end and a suspensor system which is
coritinuous with it at the upper (proximal or micropylar) end. Root cap develops at the
suspensor cnd of the embryo and shows a cenlral column and a peripheral region. During
these changes in the root cap region of the embryo, the pith region begins to differentiate in
hypocotyl shoot axis. The cells of the hypocolyl region, situated between epicolyl and root
apex are large, vacuolate and Lransversely arranged. Then cortex is differentiated followed
by procambtum, and finaily cotyledonary primordia. The shoot apex and cotyledons are tast
lo differentiate. The cotyledons are 3-18 in number (Fig. 13.16h,i) and show the presence of
procambial strands and mesephyll cells. The mature embryo, thus, has a distinct epicaly!
root axis and a hypocolyl shoot axis with remnants of suspensor.

e pErren
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7 Embryonal mass

Dislunclignat

suspensor
Embryonal suspensor 1 ~
Embryonal
SUsSpensor Embryonal suspensor 2

. Embryonal mass
Embryonal mass

Embryonal suspensor 1

Embryonal suspensar 2

iy Hypocolyl

f:’l n},'lhl,‘; .

] |l A
i

ratl

Colyledans

Embryonal mass

Fig. 3,16 : A, Pinus sp.; Progressive stages in the development of embryo. 2) Disgrammatic representation
of proembryo showing first crop of embryonsl suspensor (Es,). The suspensor fier of proembryo
does not clongate and is disfunclional. Embryonal eellshave undergone transverse division. b)
The cells of the embryonal group have given rise to two crops of embryonal suspensor; note the
great clongation of (Es,). Disfunciional suspensor is seen above this tier. c-e) Further divisions in
embryonal mass (¢). ') Whole mount to show extremely coiled suspensor system and few
proembryos at different levels. g, h) Whole mounts (o show greater activity in embryonal mass
(¢); cotyledons have differentiated in h.i. Mature embryo showing polycotyledonous condition,
a) after Buchholz, 1929; b-i) alter Maheshwari & Konar 1970.

Seed Coat
In 2 young ovule the integument comprises three layers. As ovule matures the
integumentary cells divide and become differentiated into three zones; outer fleshy, middle
stony and inner fleshy (Fig. 3.17). '

) . i A trec of P. aristara growing in Inyo
The seeds of almost all pines have well developed wings, however, some species possess National Park of Califonia, USA, is
rudimentary wings or are wingless. more thin 4,600 years old and

.. . ionally pred .

The seed coat may be hard or papery, but it is permeable to water. The pine seeds are oceasionally pracuces cones
normally dispersed by wind to long distances. Cones may also roll down and help in
establishing plants at lower elevations. i
Seed crops are known in Pinus. These are not annual but occur at intervals of two or even
more years. As the trees grow old, the seed-bearing capacity declines but does not stop
entirely. Pines keep on producing seeds till their death. : 61
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Fig. 3.17 : T.S, sced coat of Pinus roxburghil (Alter Konar, 1960).
Seed Viability and Germination

In Pinus where female cones remain closed at maturity the seeds rgmain viable for a long
time. The germination of seed is epigeal (Fig. 13.18 a-h). The seeds germinate within 3-4
weeks after sowing. The radicle emerges and penetrates the soil. The hypocotyl elongates,
straightens and carries the remnants of seed alongwilh the cotyledons, thus pushing them
above the ground. The cotyledons absorb nutrients from the endosperm and provide it to the
seedling. The cotyledons are shed only after the juvenile leaves appear and long shoot has

grown.

Seed coal r remains
Sped Nuceller re

L

Juvonite leat

Bedicle

Calyledonary
Leat

Hypocotyl

Fig. 3.18 ; Pinus gerardiona. a-g) Stages in (he per mination of seed. h) Seedling with l:otyledonafy
and juvenile leaves,
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Life Cycle : . Coniferopsida: Pinus

The reproductive cycle in tropical and temperate pines is influenced by the environmental '
factors. The altitude at which the trees grow is also important. In trees growing at lower
altitudes (e.g- Pinus roxburghii) male cones are initiated in September, and pollination
accurs the following March. After germination the pollen tube undergoes rest for about 10
months (May to February-2nd year). Growth resumes in March followed by fertilization in
April.

Sporophyte

Young sparephyle

(seedling} Clustar ol mala cones [

ST T =t

Woody (lemale) ne

\.“Zygote developss inlo

~- ’lhe embryo ol a seed Microspore

Mothar cell
undergo
meiosis ,

Preducing

Megaspore Malher cell 4
underge melosis , "
producing |

1

EINT X T

§
Zygots 1 Owule | \
2 n i{ contains  MicrosporangiumY /
Fertilization | T melosls
. ) ¥ _ '
Pollen uba grow Archegonium Megaspore /L i
/.7 {

towards an archegonlun, £
a sperm un'tes wilh an egg ./

forming a zygote within
ihe arctiegoniun N

_Microspores H

e N -ég‘asporangiumf
Three megaspores oegenarale | s .

o " ha fourlh develops intoa lemale Pollen grain
Female gamelophyt
gametophyte Wing ’
aneralive cell

Tube cell

Ganerative cells devides,
praducing lwo more cellg

Spermatogenous call divides ,

praducing two sperms Spermatogenous cell

Slerile cell
Polen luba
Tube nucleus

Fig. 3.19 : Dlagrammaiic represeniation of Life-Cycle of Pinus.'

The female cones are initiated in February, pollinated in March and then undergo rest from
April to January for 10 months. At the time of pollination the ovule contains a free-nuclear
gametophyte. During the 2nd year when growth resumes in February, the gametophyte
becomes cellular and the archegonia are formed. Fertilization take place in April and
followed by embryo development and seed maturity. The cones dehisce and shed their seeds

in April-May (3rd year).
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SAQ 6

Summatrize the life cycie of a pme study the diagram below and fill in the names of the
mlssmg structures.

—

Sperm ———— egp ——————— h
(-3 S ' -
N ¥
microspores megagamete embryo develops in
_ a structure called
4\ 4\ afan (i) R,
(5 ) () vt J
Mt
megasporangia enclosed
by integuments to form
seedling
. Pine tree
microsporophylls )
dN
() scale
1T
(o) S cone female cone
L Mature pine tree (—l
() ST generation 3
1t -
3.7 SUMMARY

® Coniferales are a large group consisting of 7 families. The genus Pirnus is oneof the
most well known representative of the family. Seven species of Pinus are known from
Indian sub-continent. Pinus is a beautiful tree with a pyramidal appearance. Pinus
exhibits two types of roots: normal and mycorrhizal. The stem is erect and woody. Two
types of branches (i} long shoots and (ii) dwarf shoots are found. The foliage leaves are
needie-like and bome on dwarf shoots.

® The tree is monoecious, but male and female cones are borne on separate branches. The
male cone occurs in clusters and the number varies from 15-140. The female cones
replace the long shoots and 2-6 are bone on each node. 80-90 megasporophyls are
spirally arranged along the central axis. The ovuliferous scales and the bract together
form a seed-scale-complex.

® Mycorrhiza is found in several conifers. In Pinus there is well developed ectotrophic
mycorthizal association with 50 different species of fungi. The pine-fungal relationship
is symbiotic. Secondary growth occurs both in root and shoot. The wood consists
mainly of tracheids,

® The Pinus leaf may be round, semicircular Irlangular in transverse section. The leaves
show xerophytic characters.

(it



® Microsporogenesis occur in the microsporangium and winged pollen grains are formed.

In the ovule (megasporangium) megasporogenesis occurs and haploid female

megagametophyte is formed. The archegonium is situated at the apical portion of the

gametophyte.

¢ In Pinus pollination is through wind and after fertilization zygote is formed. The

embryo develops wilh-a distinct epicotyl, root axis and a hypocotyl shoot axis with

remnants of suspensor. The seeds of almost all pines have well developed wings;

however, some species are wingless. The seedcoat comprises three layers. The seed

germinates within 3-4 weeks after sowing. The reproductive cycle in Pinus is
completed in three years.

3.8 TERMINAL QUESTIONS

l. Differentiate between long shoots and dwarf shoots.

2. Describe male and female cones of Pinus wilh diagrams,

3. What is mycorrhiza? Describe in detail who is benefitted in this relationship.

4. Describe anatomical structure of stem.

5. Describe microsporangium, microsporogenesis and male gametophyte in detail,

Coniferopsida: Pinus

65

Te T



.41

GYmOooIperms

66

6. How do pollination and fertilization take place in Pinus ? -

7. Depict the life cycle of Pinus through diagrams.

3.9

ANSWERS

Sell-assessment Quesiions

1)

2)

3)

4)
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starch
sieve cell
ectotrophic
symbiotic
open, collateral
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5)

6)

(g}

(@

)

a four megaspores
b seed
¢ microgametophyte
d  seedling, sporophyte eventually mature in sporophyte
e seedcoats
f megagametophyte
g embryo
h  woody scales of mature ovulate pine cones.
i wing like projection on pine seeds.
Sperm - egg > (h)
¢ .
microgametes
t
microspores megagamele
¢y
microsporangia (f) megaspore
microsporophylls " megasporangia enclosed
by integuments to form
A
{(e) ovules
%\
(c) ovaliferous scale
: 4\
staminate strobilus ovulate strobilus

t Mature pine, tree _%

(a) sporophytic generation

1

Zypote

embryo develops in
a structure called
afan (i) seed.

seedling
Pine tree

Terminal Questions

L.
2.
3.

SIS

See section 3.3 Morphology.
See section 3.3 Morphology and draw figures.

See section 3.4.2 and Fig. 3. Point for reference.

i)  ectotrophic mycorrhizal association

ii)  Over 50 species of Basidiomyectes

iii) Hartig's net

iv) relationship is symbiotic

See section 3.3, ..........subsection 3.4.3 stem.

Refer.o section 3.4 ......... subseclion 3.4.2; 3.4.3; 3.4.4,
Refer to section 3.5 ......... Poliination.

Refer to Figure 3.19.
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UNIT 4 GNETOPSIDA : EPHEDRA AND
GNETUM

Structure

Introduction
Sub Unit4A Ephedra

Sub Unit 4B Gretum

You have already become familiar with the classification of gymnosperms (see Unit 1). The
three families Ephedraceae, Gnetaceae and Welwitschiaceae, each represented by a single
genus Ephedra, Gnetum and Welwitschia, respectively, have often been clubbed under the
order Gnelales or the class Gnetopsida. There are certain features that are common Lo all the
three genera, viz., i) secondary xylem contains vessels; ii) plants are usually dioecious; iii)
male strobili are surrounded by bracts and hence these are called 'flowers'; and iv) ovules are
also surrounded by envelopes that are often interpreted as perianth. Gnetopsida have more
than one envelope in contrast to other gymnosperms that have only one integument. In spite
of the common features, there have been changes in the taxonomic treatment of these three
genera. However, detailed investigations have revealed significant differences in their
morphology and reproduction. At present they are classified under different orders {also see
Unit ). -

The three genera are highly specialised in reference to both vegetative and reproductive
structures. Griefum has many features which have resemblance to angiosperms. These
angiospermic features make Gretum an important genus especially from taxonomic
viewpoint. We would like you to get acquainted with the plant Gretum in detail as it is the
only genus representing Gnetaceae. You will learn about this genus in the Sub Unit 4B.
Before this you will study Ephedra in Sub Unit 4A. Ephedra is both important and
interesting because this genus is strikingly different in appearance from other gymnosperms
and is the source of the alkaloid ephedrine. About the third genus Welwitschia a mention has
been made about it in Unit 1.

SUB UNIT 4A EPHEDRA

Structure
4A.1 Introduction
Ohjeclives

4A.2 Distribution, Habitat and General Features

4A.3 Vegetative Structures

4A3.1 Roat
4A.3.2  Stem
4A.3.3 Leaf

4A.4 Reproductive Structures
4A.4.1 Male Srobilus and Gamclophyte
4A.4.2  Female Strobilus and Gametophyte

4A5 Pollination and Fertilization
4A.5.1 Polknalion
4A.5.2  Ferilizalion

4A.6 Embryogeny

4A.7 Summary
4A.8 Terminal Questions
4A.9 Answers
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4A.1 INTRODUCTION

Like Gnetaceae and Welwitschiaceae, the famil Ephedraceae (Order Ephedrales) is also
monotypic with only one genus — Ephedra which comprises 40 species. Ephedra is a small,
much branched, erect, procumbent or occasionally a climbimg shrub. It is distributed chiefly
in the arid regions of the world. A widely used alkaloid ephedring is extracted from some of
ils species. In this unit you will study the structural, reproductive and developmental aspects
of this interesting genus.

Objectives
After studying this unit you should be able to:

® identify the Ephedra plant on the basis of its gross 'morphological and anatomical
characters, )

¢  describe the salient features of its vegetative and reproductive structures, and

®  describe and illustrate the life cycle of Ephedra.

4A.2 DISTRIBUTION, HABITAT AND GENERAL
FEATURES

The genus Ephedra has about 40 species that are distributed in the arid regions of New and
Old Worlds from the Mediterranean and Black sea shores up to China including northern
and north-eastern India. The Old World (France, Canary Islands, around the Mediterranean
east to Iran, India and China) accounts for about 18 spectes whereas roughly 22 species are
confined to the New World (North and South America), :

The plants exhibit extreme xerophytic characters and are mostly shrubby, generally having a
height of less than 2m. However, some species are lianas, others spread by underground
rhizomes and one species, E. triandra is a small tree whose stem has a diameter of about
30cm. Ephedra compacta, as its name suggests is compact, profusely branching plant
reaching a height of 30-50 cm. Another variation is exhibited by E. campylopoda which has
pendulous branches. Five species of Ephedra found in India are indicated in Table 4A. .

Table 4A.1: The species of Ephedra found in India (Source: Mehra, P.N. 1988).

8. No. Species Place of occurrence

1 E. foliala Drier tracts of the plains of Haryana, Rajasthan
and Punjab. '

2. E. intermedia Drier regions of temperate and alpine Himalayas
especially in the crevices of rocks as perennial
herbs.

3. E. gerardiana

4. E. saxatilis

5. E. likiagensis : Central Himalayas,

On a casual look, one may mistake a plant of Ephedra (Fig. 4A.1) for Equisetum, as its
internodes are longitudinally ridged, and also the ridges at successive intermodes alternate.
Similarly, the leaves on successive internodes also alternate. As in Pinus, there are two
types of branches — indeterminate and determinate but the distinction is not as well marked
as in Pinus. The indeterminate branches at each node have leaves in whorls of threes and
sometimes in fours. The determinate branches are borne in the axil of some of the leaves of
indeterminate branches, and these bear opposite and decussate leaves.

Guetopiids : Ephedra gnd Gretum
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Fig. 4A.1 ;. Ephedra foliata: a) A part of the plant, nolc its bushy nature. b and ¢} Twigs bearing mate and
female strobili, respectively (Courtesy: Singh, M.N.}). ,

4A.3 VEGETATIVE STRUCTURES

You will study the salient morphological and anatomical features of the vegetative
structures namely root, stem and leaves in this section. You are advised to spend sufficient
time in observing the detailed structures indicated in the diagrams.

4A.3.1 Root - -

The root of Ephedra shows a typical root structure in morphology as well as anatomy. The
outermost layer is epidermis, which is followed by a well developed cortex. The cortex is
differentiated inlo a compact outer region made up of thick-walled cells and an inner region
composed of loosely-arranged thin-walled cells. Mucilaginous canals are distributed in the
cartex. The cortex is limited by a single layer of thick-walled endodermis followed by a
single-layered parenchymatous pericycle. There is a small diarch stele with exarch
protoxylem elements. The pith is small but prominent. The roots undergo secondary growth
in the usual manner. :

4A.3.2 Stem

As mentioned earlier, the longitudinal ridges on the stem imparf it a wavy outline. Ina
transverse section it shows the presence of ridges and furrows (Fig. 4A.2a). The epidermis
has a thick cuticle which is interrupted in the furrows where stomata are present. The
stomata are sunken, and each consists of two guard cells with a prominent substomatal
cavity (see Fig. 4A.2b). The hypodermis is present only below the ridges and is composed
of elongated.sclerenchyma which provide mechanicai strength to the stem. The cortex is
differentiated into an outer single layer of compactly arranged, clongated palisade cells
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containing abundant chlorophyll and are thus capable of photosynthesis. The inner zone is
made up of loosely-arranged cells containing fewer chloroplasts. The cortex is delimited by
a single-layered endodermis. Vascular bundles are open and endarch. The centre of the pith
consists of thick-walled tanniniferous cells. Xylem consists of tracheids, vessels and xylem
parenchyma. The tracheids exhibit annular and spiral thickenings and bordered pits, whereas
the vessels have only bordered pits. The phloem consists of sieve cells, phloem parenchyma
and albuminous cells.

Stomala

Vascular bundle

Pith
2 Cergy
& Sghren: o8

Tanniniferous cells

Fig. 4A.2: 1) Ephkedra follata Oulline disgram of a young stem cut transversely. Note the wavy outline,
regions of thick-walled cells under the ridges, wide cortex, plth and endarch vascular bundles.
b) Ephedra trifurca. A part of stem in transverse section to show the cellular detlails. Mark the
hick-walled cells below (ke ridges, stomata in furrows, oufer and inner cortex, vascular bundles
and thick-walled tanplnifercus cells in (he pith. a, Modifted from Bhatnagar & Moitra, 1396: b,

after Chamberlain, 1935). :

The internodes of the stem of Ephedra are quite elongated. This is due to the activity of an
intercalary meristem or merislematic plate which is present just above each node (see Fig.
4A.3a, b). After the active phase, the intercalary meristem either forms an abscission layer
or matures inlo a band of sclerified parenchyma. The intercalary meristem is also known as
the nodal diaphragm. This diaphragm at the base of each internode makes the stem easily

separable at the nodes.

Fig. 4A.3 : Ephedra foliata a) A part of stem st the nodal region in longitudina! section showing the
meristematic plate. b) The intercalary region magnified. (from Bhrinagar & Moitra, 1996).

Gnoetopsida r Ephedra and Gretum
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Gymnosperms The stem undergoes secondary growth in the usual manner. The beginning of secondary
: growth is marked by the differentiation of interfascicular cambium. This Jjoins with the

intrafascicular cambium to form a ring, The cambial ring cuts off secondary xylem towards
inner side and secondary phloem towards outer side. You may recall that the cambial cells
are of two types: ray initials and fusiform initials. The former, as their name suggests, cut
off xylem and phloem rays, whereas the latter give rise to vascular elements. The annual
growth rings are visible with each year’s secondary growth (Fig. 4A.4a, b). Ina young stem
the medullary rays are uniseriate, but in mature stems they become multiseriate (Fig,
4A:4d) by longitudinal division of the ray cells or by fusion of uniseriate rays. The tracheids
show bordered pits (Fig. 4A.4c). Vessels are the most prominent feature of the stem (Fig.
4A da-c). The secondary phloem consists of sieve cells, phloem parenchyma, albuminous

cells and rays. The albuminous cells which are found in the axial system, are cut off by
fusiform initials.

Tracheids
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Fig. 4A.4: Ephedra spp. a) A part of malure stem in transverse section showing several annual rings. b)
Part of figure a, magnified o show early and late wood clements. Note the early wood has large
vessels whereas the late wood is composed of mainty tracheids, ¢) A part of stem cut in radial
longitudinal section (RLS) showing a large vessel and many tracheids. d) A portion of stem cut
in tzngential longitudinal scction (TLS) showing two wide maltiseriate medullary rays and many
tracheids. (1, redrawn from Bhatnagar & Moltra, 1996; b-d, after Chamberlain, 1935),
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The leaves are connate and are fused into a basal sheath. They are small, scaly and thin.
They are green when young but turn brown at maturity and are eventually shed. Accessory
buds arise below and at the base of axillary shoots. Since the leaves are scaly and reduced
the carbon assimilation is done through stem which is green (see Subsection 4A.3.2). In a,
transverse section the leaves exhibit an oval outline. The epidermis bears a thick cuticle. A
few deeply sitnated or sunken stomata interrupt the epidermis. The epidermis is followed by
two or three layers of palisade cells containing chloroplasts, The remaining space is filled by
spongy cells, which are devoid of chloroplasts. Two small vascular traces are embedded in
the spongy parenchyma.

SAQ1
Mention three key features that you would look for while identifying a plant of Epfledra.

SAQ 2

Which of the following are not true for the roots of Ephedra? Select your answer from the
codés given below.

a) It has a wavy outline due to the presence of longitudinal ridgc:v..
b) Epidermis constitutes the outermost fayer.

c) Cortex is poorly developed.

d} Mucilaginous canals span the cortex.

e) The endodermis and pericycle form the covering of the stele.

f) The stele is diarch with exarch protoxylem.

g) Secondary growth does not occur.

h) A prominent pith is present.

Codes

i) bd g

2) b,eh

3) acg

4) e Lh
5AQ3

a) This question is based on the stem structure of Ephedra. Match ilems of column |
with those of column II.

l Il

1) Epidermis i)  Two zones

2) Stomata i) tannin-filled cells

3) Hypodermi-s iliy Open, endarch

4y Corlex . iv} sieve ccells, parenchyma and

albuminous cells
5} Endodermis v)  thick culicled

6) Vascular bundles vi) deeply sunken

Unoetopsida : Ephedra and Gretum
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7y Xylem vii) sclerenchyma below the ridges
8) Phloem ) viii) one-layered
9} Pith ix) tracheids, vessels and parenchyma

b) Which anatomical specizlity is responsible for the long internodes of Ephedra? Discuss

SAQ 4

You are given the following four features of the leaf structure. What would you deduce
about the natare of the plam? Give reasons. The four features are: membranous leaves,
cuticle-coated epidermal cells, sunken stomaa, palisade cells packed with chloroplasts.

4A.4 REPRODUCTIVE STRUCTURES

Ephedra is typically dicecious. The male and female strobili are bome in the axils of leaves
of determinate shoots and also in whorls on the nodes of older branches (Figs 4A.1, 4A.5).
They may be solitary but mostly arranged in'dichasial cymes. '

4A.4.1 Male Strobilus and Gametophyte

Male Strobilus — It consists of a central axis and a few (10 in E. foliata), opposite and
decussately arranged bracts (Fig. 4A.52) the lowest of which is sterile. In the axil of each
fertile bract there arises a fertile shoot or a microsporangiate 'flower’. Each ‘flower’ consists
of a pair of basally fused perianth leaves and a sporangiophore, which bears 2 to 6 bilobed,
sessile, microsporangia at its tip (Fig. 4A.5b).

Microsporangia

Fig. 4A.5; Ephedra folfafc. a) A part of twig with a cluster of male strobili. b) A male fertile shoot
with three bilocular mlerosporangia al the tip. (After Tiagi, 1966).

Microsporogenesis — A group of archesporial cells gets differentiated in the hypodermal
region of the young sporangium (Fig. 4A.6a, b). Subsequently, differentiation of a band of
sterile cells divides sporogenous cells into two chambers (Fig. 4A,6¢). Even in the surface
view the sporangium appears lobed. A primary parietal layer and a primary sporogenous
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tayer are cut off by the periclinal division in the outermost fayer of the archesporial cells.
The former undergoes both anti- and peri-clinal divisions giving rise to wall layers, the
innermost of which differentiates into tapetum (Fig. 4A.6d). The primary sporogenous cells,
in turn, give rise to sporogenous tissue, whose cells eventually become the microspore
mother cells (Fig. 4A.6d). The microspore mother cells undergo meiosis to give rise to
tetrads of microspores embedded in a massive layer of callose. The microspores are set free

after the dissolution of callose.

Epidermis
Middle layer
Tapetum

Microspore
mother cell

(b)

Fig. 4A.6: Ephedra sp. microsporogenesis, a) L.S. young male Mower with subtending bract. Note the
perianth and the inltiating sporangium. b) Same, at an older stage showing perianth and
bypodermal archesporial eells. ¢} Still Inter stage depicling the development of a band of sterile

“eella Alsa seen are two groups of sporogenous cells. d) A sector of sporangium showing
microspore mother cells undergoing meiosis and multinucleaie tepetal cells {after Singh &

Maheshwari, 1962).

Development of Male Gametophyte — The microspore nucleus maves to one end (Fig.
4A.72) and divides to form two cells: a small, ephemeral, lens-shaped prothallial cell
{designated as first prothallial cell) and a large central cell (Fig. 4A.7b). The central cell
divides-again in the same manner, forming a second prothallial celi and the large antheridial

Central cell

Antheridial initial

2" prothallial cefl
1" Prothallial cell

(a)

Tube cell

Dividing
antheridial cell

;:Q::. -
Prothalli RS .9
© hallial cells (D) _ Spermatogenous
e Stalk cell cell
Prothallial cells (g
Fig. 4A.7: (a-g): Ephedra sp., developmental stages of male gametophyte. 8) A microspore, b-c) Stages in

the development of mele gametophyte. I} A five-nuclente pollen grain, g) The surface view of n
mature pollen grain showing ridges and furrows. (alter Singh & Maheshwarl, 1962).
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initial (Fig. 4A. 7¢, d). The antheridial initial undergoes division giving rise to a tube cell
and an antheridial cell. The antheridial cell on division forms the spermatogenous cell and
stalk cell (Fig. 4A.7e.f). The shedding of pollen thus takes place at 5-celled stage, having
two prothaliial cells, one tube cell, a stalk cell and a spermatogenous cell. The pollen wall is
laid down concurrent to (he release of microspores from the tetrads. It consists of two layers
— an outer exine and an inner intine. The exine is coated with sporopollenin, that is
autofluorescent, and is resistant to acetolysis. The intine is cellulosic in nature. The exine is
ribbed, i.e., it consists of ridges and furrows (Fig. 4A.7g). About 16 such ridges run
longitudinally in £. foliata whereas in E gerardiana only eleven such ridges are present.

4A.4.2 Female Strobilus and Gametophyte

Female Strobilus - A female strobilus consists of four to seven pairs of opposite and
decussate, green bracts, fused at the base forming a cup-like structure. In the axil of each of
the uppermost pair of bracts there is an ovule (Fig. 4A.8a, b; 4A.9a). Each ovule consists of
two envelopes. The inner envelope, which is the only integument, is thin and fused with the
nucellus except in the upper region and protrudes to form a long micropylar tube (Fig,
4A.8b). The outer envelope also known as perianth, is thicker and completely free from the
integument,

Pollination drop

Micropylar tube

Fig. dA.8 : Ephedra foliate. 5) A part of the (wig bearing female strobili. b) A female strobilus in
an enfarged view. It consists of two large ovoles and six pairs ol bracts. Each avule
shows a micropylar tube with g distinct pollination drop (after Tiagi, 1966).

The apical meristem transforms into an ovule. The initiation of ovule is marked by periclinal
divisions in the outermost layer of the lateral shoot meristerh. The outer envelope (perianth)
is formed by anticlinal and periclinal divisions in the epidermis. Immediately above the
outer envelope, the integument arises as a protuberance. ARer initiation the inlegument
becomes annular, but later shows one-sided growth or becomes asymmetric on the dorsal
side. The integument remains asymmetric throughout and this is also reflected in the
micropyle. Both the envelopes are inserted at almost the same level in a young ovule, Later,
however, the integument, is seen al 2 much higher level than (he outer envelope. This is
probably because of the growth in the region below the nucellus and integument. The outer
envelope grows by an independent meristem.

In most species, a massive nucellus arises as a result of periclinal divisions in the epidermis
forming a nucellar cap; a parietal tissue is thus absent. However, in some species the
nucellus is of dual origin having been contributed by the nucellar epidermis and parietal
tissue,

Megasporogenesis — A single hypodermal archesporial cell differentiates, and then divides
periclinally to produce a primary parietal cell and a sporogenous celi. The primary parietal
cell gives rise to several layers of parietal cells (Fig. 4A.9b). Due to periclinal and anticlinal
divisions in the cells of the nucellar epidermis, the megaspore mother cell is pushed deep in
the massive nucellus. The megaspore mother cell enlarges and divides meiotically to form a
linear tetrad of megaspores, of which the lowermost megaspore is functional and upper
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Integuments forming
the micropylar tube 1

Outer envelope

Meck initial

Central cell

Pollen chamber

Nucellus

Ventral canal
nucleus

Archegonium

Fig. 4A.9: Ephedra spp. a) Longitudinal section of a female cone showlng two young ovules and the
subtending bracts. b) A part of aplesl portion of the nucellus showing sporegenous cell and
parictal celly. £} Same, with a triad of megaspores, Nole, the lowermoslt cell is the functionsal
megaspore. d, &) A young, free nuclesr gametophyte in longitudinal secilon. f) Whole mount of
the top-shaped female gametophyte at free nuclear stage. ¢) Loagitudinal section ol ovule at the
cellular gametophyte stage; mark the hypostase. The Integument forms the micropylar tube. h)
Cellalsr gametophyte formed through alvealation, enlarged from figure g. i} L.S. female
gametophyte showing two young archegonla, each with & neck initisl and a central cell §) Same,
at a Jater stage of development. Esch archegonium shows an egg nucleus, a ventral canal nucleus
and & loog seck whose cells merge with the surrounding gametophytic cells. [u, g, j) redrawn
from Msheshwari, 1935; b, ¢, ) redrawn from Narang, 1956; d-f, h) after Singh & Maheshwari,

1962].
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three degenerate. Such a development is termed as monosporic. This is in contrast to
tetrasporic development in Gretum and Welwitschia where it is tetrasporic. However,
sometimes, the upper cell of the dyad fails to divide resulting in a triad of cells (Fig. 4A.9c).

Development of Female Gametophyte — The functional megaspore enlarges considerably
and a central vacuole appears in its cytoplasm. Its nucleus divides mitotically to give rise to
as many as 256 or 512 free nuclei.The nuclei arrange themselves in a thin layer of
cytoplasnt around the central vacuole (Fig. 4A.9 d-f). The wall formation takes place |
through alveolation (see Unit 3). The cellular gametophyte (Fig, 4A.9g) can be demarcated
into two zones: a broad micropylar zone of radially elongated, thin-walled, and hyaline cells
with little cytoplasm; and a narrow chalazal zone of compact, small and polygonal cells with
dense cytoplasm (Fig. 4A.9h). When the gametophytes are mature the chalazal part is
distinguishable into an upper region of actively dividing cells and a lower region of large,
densely cytoplasmic cells with prominent nuclet. The gametophyte which is conical at this
stage has a long tubular process that goes deep into the chalazal region. It depletes the .
surrounding cells of nutrition, which eventually collapse. The mature gametophyte is thus
divisible into three zones: an upper fertile zone that bears archegonia, middle storage zone
and a lower haustorial zone.

Let us now talk.about the development of the archegonia. Three or four (rarely more) cells
at the micropylar end of the female gametophyte become archegonial initials. These are
distinguishable from the neighbouring cells by their large nuclei and dense cytoplasm. The
archegonial initials divide periclinally to form an outer; small primary neck initial and an
inner, large central cell (Fig. 4A.9i), A distinctive feature of the archegonium is the
formation of a long column of about 30 - 40 neck cells which generally merge with the
surrounding gametophytic cells, so an exact count is difficult (Fig. 4A.9j). The long,
columnar neck appears similar to the transmitting tissue in the style of angiosperms. The
enlargement of the central cell is followed by division of its nucleus to form a ventral canal
nucleus and an egg nucleus (Fig. 4A.9j). The venrral canal nucleus appears to degenerate
soon after, but in some species it persists and remains intact near the upper part of the
archegonium. The egg nucleus enlarges and comes to lie in the centre of archegonial
cytoplasm.

SAQS

Given below are tweive terms perlaining to various structures and slages associated with the
development of the male gametophyte. Arrange them in the proper order of placement/
development. (Hint: Start with male strobilus).

antheridial initial, sporogenous tissue, microsporangiate flower, archesporial cefls,
primary sporogenous cell, microspore mother cells, male strobilus, antheridial cell,
pollen grain, microsporangia, primary parietal cell and microspores.

SAQ6

Which of the-following statements pertaining to the structures and stages related to female
gametophyte development are not true? Write them in the space provided below :

Statements

a} The ovule is formed by the transformation of the intercalary meristem.

b) There is an ovule each in the upper maost pair of bracts of the female strobilus.
¢) Each ovule has only one cnvclopc._

d) The magsive nucellus has a dual origin.
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[n an ovule, a group of archesporial cells form a large number of sporogentus cells.
The megaspere mather cell is deep-scated in the massive nucellar tissue.

A free-nuclear gametophyte is formed from the functional megaspore.

The mature gametophyte bears archegonia near its haustorial zone.

An cgg nucleus, a ventral canal nucleus and a long neck are the chicf compeiénts of an
archegonium,

4A.5 POLLINATION AND FERTILIZATION

4A.5.1 Pollination

The pollen grains of Ephedra are wingless and are airborne. These are caught in the
pollination drop (Fig. 4A.10a) which is present at the micropylar tip and is subsequently
sucked in. The pollen grains thus come to lie on the tip of the gametophyte. The pollination
drop contains several amino acids, peptides, malic acid, citric acid, inorganic phosphates
and sugars. The concentration of sucrose is as high as 25%. Wind-pollinalion is the common
mode of pollen delivery. However, entomophily is prevalent in some species such as E.
aphylla and E. campylopoda. In these species pollination takes place through the agency of
ants and other insects (hat visit the strobili. Nectar, rich in sugars, is the chief attractant in
both the male and the female strobili. The insects visiting these strobili feed on the nectar,
and aid in the transfer of pollen grains that stick to their bodies to the ovules. The nucellus
has a prominent polten chamber into which the tip of the female gametophyte protrudes.
Such a projection is called a ‘tent-pole’ (Fig. 4A.10b). The pollen chamber is broad and
deep, and extends right down to the top of the female gametophyte (Fig. 4A,10b, 4A.11a)
which is freely exposed.

. Pollen chamber ent pole

Fig.dA.10 : Epfiedra spp. a) A mature female strobilus with ovules shawing promineni pollination drops.
b} A portion of ovule cut in longitudidsl section showing well develaped pollen chamber and
tent pole. (8, Courtesy Singh, M.N. : b, after Narang, 1936},

The pollen grains swell in the pollination drop resulting in the*rupture of exine which is
cast off before germination. The tube nucleus is first to move followed by the
spermatogenous cell. The latter divides in the pollen tube to give rise to two male nuclei.
Interestingly when the pollen grain germinates, the pollen tube enters the archegonium
neck which is a gametophytic tissue, unlike in conifers where the pollen tube grows first
through the nucetlus which is a sporophytic tissue. Then pollen tube makes its entry into
the egg cytoplasm and releases the two male gameles.

In post-pollination stages, the cells of the outer envelope show papillate projections which
later elongate and become thick-walled (Fig. 4A.11 b). This results in closing the space
between the two envelopes. The pressure so exerted on the mjcropylar tube seals off the
micropyle. The cells lining the micropylar tube do not underge any change.

There is a well-developed hypostase and the.lower tapering end of the gametophyte lies
very close to it. The cells of the hypostase are small, thin-walled and colourless, Some
spiral and pitted tracheids are present below the hypostase (Fig. 4A.11c).

Gnetopsida : Ephtedra and Grerun:
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Integuments

Micropylar tube

Integument
Pollen chamber

Neck cells
Archegonium

Female
gamelophyte 1

‘_

S s — Nucellus
T

"4':4‘-5

b S nan bl

Fig- 4A.11 : Ephedra spp. 1) L.S. female cone showing two developed o_vules. each showi‘ng twll: Ienv:lopcs,
a pollen chamber, long lapering female gametophyte bcflrmg two nrcheg_om!: with long
prominent necks, b) L.S. micropylar part of ovule showing paplllate Qro,leclmns from Inner
lining of outer envelope. ¢} A portion of nucellus from chalazal end with hypostase |a, after

Narsng, 1956; b & c, after Singh & Maheshwari, 1962].

' 4A.5.2 Fertilization

The sperm nucleus approaches the egg nucleus and makes contact with it. Their nuclei
fuse resulting in the formation of zygote. In E, nevadensis there is a regular occurrence of
double fertilization. Both the male nuclei are released in the egg cell. One male nucleus:
moves down to meet the egg nucleus and fuses with it in the dense cytoplasmic zone
forming the zygote nucleus designated as ‘normal zygote nucleus’ (Flg. 4A.12a-d). When
the male and the egg nuclei are in an advanced stage of fusion, the ventral canal nucleus
also moves down in the egg cell followed by the second male nucleus. Both these nuclei
fuse forming the ‘supernumerary zygote nucleus' (Fig. 4A.12b-f). This is the second
fertilization, firsl one, being between the egg and the first male nucleus.

Whether the phenomenon of double fertilization in Ephedra and angiosperms a_:oulfi be
considered homologous evolutionarily is difficult to determine at thi§ stag¢. It |s_1.:v1de:ly
believed that il is a siep in that direction. One could hypothesize that'double fertilization
arose in a common ancestor of both Ephiedra and angiosperms.
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\8}——Pollen wbe Veniral canal nucleus - AF UL AL IR = A =

0 Second spenn nucleus
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Egg nucleus First sperm nu+.cus

Egp cell

() (b)

© Supernumerary
zygote nucleus

Normal '
O O

zygote nucleus

@ ,_ (c) ®

Fig. 4A.12. a-0) t Ephedra 2p. Schematic dingrams deplcting the various stages culminating In
double fertilization. n) Diagrammatic representation of a pollen tube with
binucleate sperm cell npproaching €gg cell. b-g} Stages of fertiization of cgg
nucleus by the first sperm nucleus forming a normal zygote nuclews. d-f) The
zygote nucleus eventunlly migrates 1o the base of the former cgg cell. The stages !
of fuslor of the ventral canal oucleus and the pecond sperm nucleus are depleted i
In the figures b-T (see the upper region of the former egg cell). (Redrawn from
Friedman, 1390).
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4A.6 EMBRYOGENY

Division of the zygote nucleus marks the beginning of embryogeny. The synchronous
division of the two zygote nuclei (Fig. 4A.13a) leads to the formation of two sets of
daughter nuclei. Those derived from the normal zygote nucleus are situated at the base of
the former egg cell and the other pair of nuclei is placed in the apical part of the former
egg cell (Fig. 4A.13b). One more mitosis results in a total of eight nuclei typically
arranged in two groups within the former egg cytoplasm: the basal four from the ‘normal
zygole nucleus’ and the apical four arising from the ‘supernumerary zygote nucleus’ (Fig:
4A.13c). Subsequently cell walls are deposiled around individual nuclei (Fig. 4A.13d).
Thus two sels of four, unicellular, uninucleate proembryo cells or units are formed (Fig.
4A.13d) at both the apical and the basal end of the former egg cell. Each of these eight
proembryonal cells or units is a potential embryo. The next step in the development is the
appearance of a projection (tubular outgrowth) on one side, in each of the eight units.
These projections grow towards the archegonial base. The nucleus in each of the eight
units, then ieaves the spherical bulb like-portion and comes to lie in the tube. It divides
here by a transverse wall into an embryonal cell and a suspensor cell (Figs 4A.13¢; and
4A.14a). Morphologically the latter is an embryonal suspensor which pushes the
developing embryos deep into the female gamelophyte. All the eight proembryos in an
archegonium are potentially alike, but those present at the micropylar end gradually
degenerate. One of the deep-seated, centrally placed, chalazal embryos finally develops
into a fnature embryo. The later stages of embryo development are depicted in Fig. 4A.14
b-d. The shoot apex is organized at the lip towards Lhe chalazal end and the cotyledons
arise as two small protuberances just below the shoot apex. Root apex differentiates near
secondary suspensor cells.
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Fig. 4A.15: Ephedra ap. Oulline
dlagram of a seed cut longitudi-
oally (Redrawn from Khan,
[543).
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Supemumerary Zygole nucleus

o @
@ @
@ S
® o
(c)

Normal zygote nucleus

Figr4A.13; Ephkedra sp. Quiline dlagrams depicting stages of early embryogeny. a) The two
products of double fertilization, b, ¢) The two fertllization producis undergo miiotic
divistons to form two groups of nuclel, exch baving four nuclel. d) Diagrammatic depletion of
the cellularisation of free nuclel, conscquently each nuclens acquires a eell wall. Thus two sets
of unlcellular/unlnucleate proembryos are formed, €) Furiber, cach proembryo begins a
cellular pattern of development with fillamentous Erowth (After Friedman, 1594).

Seed

The two bracts of the megasporangiate strobilus in a mature seed form the outer fleshy
envelope (Fig. 4A.15). Of the two envelopes, only the outer one which is vascularized, gives
rise to the seed coat. The integument, remains papery. In the ovule at the pre-pollination
stage, the nucellar celis around the polien chamber become binucleate. These nuclei
increase in size, becomes distorted and fragment after fertilization. In a mature seed, only
the compressed remains of the nucellus persist. It is followed by a massive starch rich
female gametophyte (=endosperm). The embryo is dicotyledonous. The germination of the
seed is epigeal. The cotyledons now develop chlorophyll and represent the first two
cotyledonary leaves. .

Embryonal
5uspensor

E,?sbswona]

Fig.4A.14: Ephedra sp. Further slagesin embryogeny, continued fram Fig. 4A.134d. a) One
embryonat unit at a fater stage showing efongated embryonal suspensor and an
embryonal eell. b-d) Later stages in embryo development. |[Redrawn (rom: 1, d,
Khen, 1943; b, ¢, Lehmann-Baerts, 1967).
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Answer the following questions briefly.
i) What are the modes of pollen delivery to the ovule?

v) With the help of a diagram show the structure of & mature seed.

4A.7 SUMMARY

Int this unit you have studied that:

Ephedra is widely distributed in both the New and Old Worlds.
It is well adapted to xerophytic conditions owing to a number of morphological and

- anatomical features.

It has close resemblance to Equisetum in external morphology and has a typical root.
The stem has ridges and furrows, deep-seated stomata and chlorophyll-packed
palisade parenchyma. The leaves are highly reduced, and the stem is the site for
photosynthesis. The intercalary meristem just above each node is a diagndstic feature
of this genus.

Ephedra is dioecious. The pollen grain at the time of shedding, is a 5-celled. Its exine
has ridges and furrows, with their number varying with species. The mature
archegonium contains a long neck an egg nucleus and a ventral canal nucleus.

Pollination takes place through the agency of wind or insects. The pollen grains are
caught in the pollination drop (hat later gets sucked in and the pollen grains come to
lie on the gametophyte tip. Of the two male nuclei, one fuses with the egg nucleus
forming the normal zygote nucleus. This is the first fertilization. The second
fertilization involves fusion of the second male nucleus with the ventral canal nucleus
to form the supemnumerary zygote nucleus. Ephedra has a peculiar proembryogeny,
and out of the eight proembryos in an archegonium, only one, which is centrally
placed develops to maturity. The two bracts of the megasporangiate strobilus form the
outer fleshy envelope in a mature seed. The embryo is dicotyledonous. Seed
germination is epigeal.

Gnetopsida : Ephedra and Gretum
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Gymnospermas

4A.8 TERMINAL QUESTIONS __

1. What diagnostic features would you look for in a plant to ascertain it is Ephedra?

T T T

2. Compare the strucrure of male and female strobili of Ephedra with their counterparts in -
Pinus a.nd Cycas.

[

1

3. You are given a mixture of pollen grains of Pinus, Ephedra and Cycas. How would you
identify the three types?

—pmr = -

Fl

4, Describe the development of female gametophyle in Ephed.ra How does it differ from
that of Pinus and Cycas?
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5.

List the peculiarities related to pollination, fertilization and embryogeny in Ephedra. Goctopsida

4A.9 ANSWERS

Sell-assessment Questions

1)

2)
3)

4)

5)

6)
)

Xerophyte, mostly shrubby habit, longitudinally ridged stem
3

a) Connect ltov
2tovi
.. 3lovii
4toi
5 to viii
6 to iii
Ttoix
8toiv
9 toii
b) Hint: Activity of the intercalary meristem. .

Write your own analysis. You can think about the role that most leaves play and
compare it with this plant. Also note the leaf structures of most leaves, see how different
they are in this plant. What does this point to?

Male strobilus, microsporangiate flower, microsporangia, archesporial cells, primary
parietal cell, primary sporogenous ceil, sporogenous tissue, microspore mother cells,
microspores, antheridial initial, antheridial cell, pollen grain.

a,ceandh
i) Through wind or insects.
ii)  Transports pollen-onto the nucellus, provides a medium for pollen germination.

iii)  First fertilization — egg nucleus and first male nucleus; second fertilization —
ventral canal nicleus and the second male nucleus.

iv)  Hint: Eight proembryos begin development, and only one develops into embryo.
v)  See Section 4A.6

Terminal Questions

1)

2)
3

4)
5)

Prepare a list of the morphological and anatomical features peculiar to Ephedra. Refer
to Sections 4A.2 to 4A.4.

Reference — Section 4A.4 and Units 2 & 3.

See pollen structure of Ephedra in this unit, Section 4A:5: Refer to Units 2 and 3 for
pollen of Cyeas and Pinus respectively. Give diagrams to show structure of mature
pollen grains of each to highlight the number of nuclei/cells present at the time of
shedding.

Reference — Section 4A.4. and Unit 2 and 3.
Refer to Section 4A.5 and 4A.6.

: Ephedra and Gretum

85

™ .T"T'l-nn—, RN B
i
1 .

FTTREITTE



noJoa

Most species inhebil the tropical
rain forest below 1500 m altitude,

SUB UNIT 4B GNETOPSIDA: GNETUM

Structure

'4B.1 Introduction

Objectives
4B2 Distribution, Habitat and General Features
4B3  Vegetative Structure

48.3.1 Root

4B3.2 Stem
4B.3.3  Leal

4B4  Reproductive Structures
4B.4.1 Male Strobilus and Gametophyte
4B.4.2 Female Strobilus and Gamelophyle

4B5  Pollination and Fertilization
4B6 Embryogeny and Seed Developrent

.4B.7  Relationships

4B.8.1 Relationship with Ephedra and Welwltschia
4B.8.2 Reclalionship with Angiosperms

4B8 Summary
4B9  Terminal Questions
4B.10 Answers

4B.1 INTRODUCTION

In the previous sub urit you have studied Ephedra, and in this sub unit you will study
Grefum because it is the only genus representing Gnetaceae. Grefum has many important
feature which have resemblence with angiosperms.

Objectives

You have by now become familiar with the main categories of gymnosperms. In this unit you
will be able ta:

#® state the distribution of Gretum in world as well as in India,

@ describe morphology of both vepetative and reproductive structures,
distinguish between the anatomy of root, stem and leaf,

describe the structure of micro-and megagametophytes,

give an account of pollination, fertilization and seed development and
compare relationship of Grefuim lo other gymnosperms and with angiosperms.

4B.2 DISTRIBUTION » HABITAT AND GENERAL
FEATURES

The genus Gnetum consists of thirty species, widely distribuled in the ropical and sub-
tropical humid zones of the world. Of these 7 occur in tropical America, 2 in western Africa
and the remainder in tropical Asia, 5 species are found in India.

Gnetum resembles more an angiosperm than a gymnosperm. Most of the species are climbers
with twinning slem.

. ula, a woody climber, is most common and abundant, and occurs in the coastal regions of
peninsular India. G. contractum and G. montanum both are also lianas, the former occurs in
Kerala and Tamil Nadu, whereas the latter grows in Assam and Sikkim. Another climber, &G.
latifolium is found in Andamans. G. gnenion a tree is restricted to the north-eastern parts of
India G. trinerve is reported as a parasite.
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Gnelopsida : Epftedra and Grepum

4B.3 VEGETATIVE STRUCTURE

4B.3.1 Root

The plant has a tap root system with well developed lateral roots. The outermost layer or
epidermis is followed by many layered parenchymatous, starch-filled corliex. Thick walled
fibre cells are common in the cortex. The endodermis encloses a multilayered pericycle. The
primary xylem is diarch. The tracheids have uniseriate bordered pits. Phloem is composed of
uniform celis. Secondary growth occurs in the normal manner.

Mm

—_ . Corlox

@ 35\1 ™

Modullary rEy

Cambium |

ERTEL I

Sclerolc cells

—Phlocm

Fhloem

Fig. 4B.1 : Gnetam ap.a} T.S. of young stem (diagrammaltic). b) T.S. stem showing aceessory
rings of vascular bundles. ¢) Same, a part enlarged to show two vascular
rings. d) One vascular bundle from accessary ring enlarged. Note the presence ofl
phloem fibres towards the periphery of the bundle forming a patch and a thick
layer of sclerotic cells immediately above it. Two prominent vessels &re scen in the
xylem lissve (after Msheshwari & Vasil, 1961a). 87
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4B.3.2 Stem

It exhibits two types of branches, viz, branches of limited growth and branches of unlimited
growth. This distinction is not there in the shrub by or tree species of Gnerum, such as G.
gremon. Some species have articulate stems; the joints have two parts, one just above and
the other below the node, and are separated by an annular groove.

A young stem shows a single layered epidermis of rectangular cells with a thick coating of
cuticle and sunken stomata. The cortex consists of 12-16 layers of parenchymatous cells;
some cells in the inner zone become fibrous with narrow lumen. In older stems, a ring of
parenchymatous cells becomes sclerenchymatous in the inner cortex, and it is referred Lo as
the ring of spicular cells. Endodermis and pericycle are not distinct. The vascular bundles
(20-24) are collateral and endarch, and are arranged in aring. The xylem consists of tracheids
and few vessels. Meduliary rays between vascular bundles are high and broad. The pith is
parenchymatous. Laticiferous elements are seen in both pith and cortex (Fig. 4B.1a).

In tree species of (Grefum, such as G. gremon, the secondary growth is normal. In the

OO

a b c a £

Fig. 4B.2 : Perforations in the end walls of the vessels of G. africanum (Aflter Duthie. 1512),

climbing species, like G. ula and G. gfricanum, the secondary growth is normal to'begin .
with but, later, due to the formation of new cambium, several rings of xylem and phloem,
separated into wedge-shaped bundles because of medullary rays, are produced. You

can see in Figure (4B.1b) that some of these accessory rings may be incomplete with the
result that either the pith or the arrangement of vascular bundles is eccentric. The
detailed structure of each vascular bundle is shown in Figure (4B:l¢,d.).

‘The secondary phloem is composed of sieve cells and parenchyma. Both elements
show great regularity in their arrangement — sieve cells in uniform rows and
parenchymatous cells in angles between them. In their location, size and contents the
parenchymatous cells resemble companion cells, although their origin is very different.

The wood of Gretum is remarkable in showing vessels with a single pore on their end
walls (Fig. 4B.2.a). Besides vessels, tracheids and xylem parenchyma are also present.
The tracheids are long and show uniseriate bordered pits on both radial and tangential
walls. The xylem parenchyma cells possess simple pits (Fig.4B.2b,c).

Stem apex: The shoot apex of Grefum has assumed an angiospermous character. It
exhibits a typical tunica-corpus organisation. The tunica is the outermost single layer of
cells extending from the first pair of leaf primordia over the shoot apex. The corpus
consists of subapical initials, central mother cell zone, flanking layers and pith rib
meristem. Y ou will read more about this in Unit-8.

'4B.3.3 Leaf

The Gnetum plant resembles dicotyledons in the leaf shape and venation. The leaves
are large, oval-shaped with reticulale venation and entire margin {Fig. 4B.3a). The short
shoots are usually unbranched, and bear 9 or 10 decussately arranged leaves on each
branch.
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Xylem

Phloem

Stone cells

Fig. 4B.3: Gretum sp. 1) Gnetum indicum: Leaves with reticulate venation b}y V.S, older Ieal in the
region of midrib. Note distinct patches of stone cells outslde the phloem tissue (after
Maheshwari &Vasil, 1961a).

In leaves the epidermis has undulating walls with a thick cuticle. The mesophyll is distin-
guishable into palisade and spongy parenchyma. The palisade consists of a single layer of
compact cells which show the presence of stellately branched sclereids near the lower
epidermis. Fibres and latex tubes are abundant, especially in the midrib region. Stomata occur
only on the lower surface and are irregularly oriented. The pattern of stomatal development is
haplocheilic. Vascular bundles are arranged in a curve (Fig. 4B.3b). Xylem consists of
vessels, tracheids and parenchyma. The phloem is arranged in regular rows jusi beneath the
xylem. Thick walled pitted cells form a patch outside the phloem.

SAQ 1
Fill in 1he blanks using the correct alternative.

1. Gretum plants are Found i .. (Kashmir/Kerala).

2. Gretumisaplantof ... (arid/moist} (ropical zones.

Gnelopsida : Ephedra and Gretim
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Gymnosperms 3. The leaves of Grefunt SHOW ...ovuoueceeeeeveeeveeeeev v srenens (reticulate/paralle])
venation.

4. Gretum shows Presence of ... (vESSEls/sclereids) and
hence resembles angiosperms.

5. Thepresenceof.................ccooernnuu...... laticifers/resin ducts) is seen in the stem of
Gnetum, '
5AQ2
L. Comment on the statement that “Gretum shows an angiospermous shoot apex?” '5
i.
L
},
1
2. Anamolous secondary growth occurs in some species of Gretum, How does it

differ from the normal prowth?

3. What is characteristic of the wood of Grefum?

4B.4 REPRODUCTIVE STRUCTURES

4B.4.1 Male Strobilus and Gametophyte

Male and female strobili (“cones”) develop on separate plants i.e Gretum is dioecious. Figure
4B.4 shows the morphology of the male and female branches.

Male Strobilus : The “inflorescence” is a solitary or fascicled panicle. It is axillary on a short
shoot and is unbranched. Apart from microsporangia it shows a whorl of sterile ovules. The
strobilus consists of an axis with two sterile, connate opposite bracts at the base and a series
of circular bracts (cupules or collars) which are superposed one above the other (Fig. 4B.5a).
A young strobilus appears compact because of a reduced axis with very short internodes
and the collars appear to be continuous. As the axis elongates the collars get separated. The
upper two or three collars in G. gnemon are much reduced and sterile.

%0
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Fig. 4B.4: Gnefum sp.a) Reproductive branch. b) male strobilus. ¢) female strobilus. d) seed
bearing branch {after Kubitzki, 1990).

Microsporangium

Microsporangium

Stalk

Perianlh

a-c¢} Gretum sp. : a) Branch be.aring 8 panicle of male cones at dehiscense. At each

Fig. 4B.5 :
callar, just above male flowers, there is a ring of imperfect female MNowers or
abortive ovules. b) Portion from an enlarged; male flowers are dehiscing. ¢) Elonga-

tion of stalk and cmergence of anthers from perianth. d) L.S. parl ¢f male cone to
show the position of sporangia and ovule and vasculalure to collsr, male Mowers and

ovule. (-¢, after Vasil, 1959 ; d-g, afier Sanwal, 1962).
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Gymposperms

The shape of collars their
number and intemode length are
of taxonomic importance.
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Each collar bears three to six rings of 12—15 male flowers and above them a single ring of
7-12 imperfect female flowers or abortive ovules (Fig. 4B.5a, b). Each male flower has two
unilocular anthers on a stalk (antherophore) enclosed in a sheath of bracts or perianth (Fig.
4B.5d). The stalk elongates at maturity and the anthers come out of the perianth cover
through a slit . ( Fig. 4B.5¢). During the development of the male strobilus, the collars are
formed in an acropetal succession.

A ring of meristematic cells differentiates at the base (axil) of each collar. The
microsporangium is formed by a hump of tissue which becomes notched to form 2 anthers
with a stalk. Two groups of hypodermal archesporial cells, by repeated divisions, give rise
to multicellular archesporium (Fig. 4B.6a). The outermost layer of the archesporial cells
divides to form the primary parietal layer and the sporogenous cells (Fig. 4B.6b). The
primary parietal layer, by periclinal division, gives rise to a wall layer towards outside and
tapetum towards inside. The wall layer is the first to degenerate. The tapetal cells become
densely cytoplasmic and are normally binucleate; the nuclei may fuse and become

polyploid. The tapetal cells start degenerating after meiosis and their remnants are discernible
at uninucleate stage of microspores (Fig. 4B.6c)., Ubisch granules or orbicules are seen on the
wall of the tapetal cells. The epidermis is the only layer which persists in the mature
sporangium which dehisces by a median longtitudinal slit. The sporogenous cells divide and
increase in number, the last cell generation of which differentiates into microspore mother

. cells. Broad cytoplasmic channels interconnect microspore mother cells or meiocytes forming

asyncytium. A space is formed between the plasmalemma and the mother cell wall. The latter
is gradually dissolved away followed by the rounding off of the protoplasm. As the mother
cell enters meiosis, it is surrounded by a thick layer of callose. The meiosis results in the
formation of decussate, tetrahedral or isobilateral tetrads still embedded in the callose cover,
This covering is soon absorbed releasing individual haploid microspores. (See F ig.4B.6¢).

Epidermis Archesporium

4 Prothallal cell

b Sporogenous colls

Fig. 4B.6 : Gnetum sp. Microsporogenesis and mzle gametophyte. a) L.S. very young male
*  flower to show few hypodermal archesporial cells. b) Same, at a later stage; primary
pariztal layer has been coi off above sporogencus tissue. cj Part of sporangium
showing degenerating lapetal cells and a few microspores.-d) Twe-nucleate pollen
grain; prothallisl cell has been cut off. e) Mature, three-celled (prothatiial cell, tube
cell and spermatogenous cell) pollen grain at shedding stage {after Sanwal, 1962).
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Male Gametophyte

The microspore nucleus divides to form a small lens-shaped prothallial cell and a large
antheridial initial (Fig. 4B.6d). The prothallial cell rounds up and does not underge any
further division and degenerates as such. The antheridial initial divides forming an
antheridial cell and a tube cell. Since a stalk cell is not formed in Gretum, the antheridial
cell directly functions as the spermatogenous cell. Pollen grains are shed at the 3-celled
stage (Fig. 4B.6e). Double pollen grains have occasionally been observed in several species.
They probably arise due to the non-separation of two or more cells of a tetrad. The pollen is

sticky in nature.
4B.4.2 Female Strobilus and Gametophyte

Female Strﬁbilus: The female strobilus resembles the male strobilus when young.
However, as the strobilus grows, the distinction becomes clear. In a female strobilus, a ring
of four to ten female flowers (ovules) is pfesent above each collar. There are no male
flowers. All the ovules look alike initiaily but, later, only a few grow to maturity. The upper
few collars usually lack ovules and are thus sterile.

Nearly four to ten ovular primordia differentiate from an annular meristem or rim below
each collar of the female cone. The ovular primordium lies on a cushion, The three
envelopes (outer, inner and integument) arise in a centripetal manner, The ovule is stalked
or subsessile. Of the three envelopes, the outer one differentiates first. Often called perianth,
this envelope gets thickened and somewhat succulent at maturity (Fig. 4B.7a). The outer
epidermis shows slomata.

The inner envelope is next to arise, and is sometimes called as the outer integument. The
female flowers in the male cone lack this envelope. The apical part forms a tapering ring-
shaped rim. Stomata differentiate in the outer epidermis. Laticifers are also formed at (he
time of pollination. The major part of the stony layer of the seed coat is formed by the
fibrous elements and sclereids in this envelope.

The third envelope or the integument is last to be formed, and is fused with the nucellus in
the lower part. It elongates considerably into a micropylar tube or the so-called "style"
projecting beyond the apical cleft of the outer envelope. The exposed part is nearly one-third
the length of the mature ovule. This part starts degenerating before or at the time of pollina-
tion. The apical lobes of this envelope become prominent and their number-varies from 7 1o
1'1. The lobes are large and irregularly twisted. Unlike the other two envelopes (Fig. 4B.7a),
neither stomata nor sclereids develop in the integument,

Nucellus : The nucellus is well developed and quite massive, Its epidermis divides forminga -

nucellar cap.

Prior 1o meiosis in the megaspore mother cells, some nucellar cells below them divide to
form a tissue wherein cells are arranged in radiating rows. This is termed as the “pavement
tissue”, and its cells are densely stained when the female gametophyte is free nuclear. As
the female gametophyle grows in the chalazal region, the pavement tissue gets absorbed.
This tissue is thought to be nutritive in function.

Megasporogenesis and Female Gametophyte : Generally two to four hypodermal archesporial
cells differentiate in the young nucellus (Fig. 4B.7b). They cut off primary parietal cells
towards outside and primary sporogenous cells towards inside. As stated earlier, the parietal
cells together with nucellar epidenmis produce a massive nucellus. The primary sporogenous
cells divide forming 816 sporogenous cells, that are linearly arranged and function as
megaspore mother cells.

Since no walls are laid down after meiosis t and i1 (Fig. 4B.7d), a (etranucleate
coenomegaspore is produced. To begin with, the four nuclei lie in the centre of
coenomegaspore but later they move to the periphery. The development of the female
gametophyle is, thus, tetrasporic.

Although several coenomegaspores develop in ihe same nucellus generally only 2 or 3 grow
beyond |6-nucleate stage,

As the female gametophyte develops, a large vacuole appears in the centre and the nuclei in
the peripheral cytoplasm undergo repeated divisions (Fig. 4B.7c). Later, as divisions

Gnetopside : Ephedra and Gretum
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Fomalg Qamatointie

In G. gnemon, the pollen wbe
traverses laterally along the
gameiophyte and nuclei in the
vicinity of the pollen tbe enlarge
severn] times and  acquire dense
cytoplasm around them. These are
the epgg nuclei.
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Fig. 4B.7: Gretum sp. a) L.S. ovule to show outer and inner envelopes, integument and well
developed nucellus; the integument forms the micropylar tube, The female
gamelophyle is at the irec puclear stage. Dotted lines represent the vascular supply
fo various parts. b) A two nucleate megaspore mother cell. c) Free noclear female
gametophytes, d) L.S. part of micropyle showing entrapped pollen grains, €) L.S.
ovule 10 show three pollen tubes in nucellar tissue. Qne of the pollen tubes is about
“to enter the lower female gametophyte. f) Portion of pollen tube showing tube
nucleus and iwo equal male cells. g) L.S. upper part of female gametophyte with
several pollen tubes. Two large nuclei with radiating cyloplasm near the lTower
pollen tube will function as egg nuclei, (c-¢ aller Vasil, 1959; a-b after Madhulata,
1960; f-g after Sanwal, 1962).

continue, the gametophyte in the upper part widens and contains a vacuole, whereas, in its
lower part the gametophyte shows accumulation of cytoplasm. With further growth, the
gametophyte becomes elongated and acquires the shape of an inverted flask (Fig. 4B.7e).

An interesting feature of the female gametophyte is the absence of archegonia, a feature
Gretum shares with Welwitschia. When the pollen tube makes contact with the female
gametophyte, one or more nuclei in the equatorial region of the dilated part, can be easily
demarcated from the other nuclei by their large size and dense staining. These are the.egg
nuclei whose usual number is two but, rarely, one or three nuclei may also develop into eggs.
The differentiation of the egg is stimulated by the presence of the pollen tube in the vicinity
of the female gametophyte (Fig. 4B.7g). The most interesting part of the egg development is
that all the eggs do not mature simultaneously nor all the pollen tubes reach the gametophyte
at the same time. Differentiation of additional eggs continues even after fertilization of the
first one. The gametophyte which, for most of its part, is free nuclear, starts becoming cellular
in its upper portion soon after one of the eggs is fertilized. Eventually the upper part of the
gametophyte becomes almost cellular.
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4B.5 POLLINATION AND FERTILIZATION

The pollination takes place when the female gametophyte shows 250 nuclei in G.ulaand 32 or
64 nuclei in G.gnemon. Pollination may be carried out by wind or insects. The tip of the
micropylar tube becomes flared and lacerated. The pollination drop, which is rich in sugar, is -
exuded at the tip and collects pollen. As the fluid dries, the pollen grains are sucked into the
micropylar canal and lodged in the pollen chamber (Fig. 4B.7d). Ants are known Lo visit the
pollination drop which is formed by the degenerated cells of the nucellar tip.

The pollination biclogy of a dioecious (shrub) species, G. gnemon has been studied. During,
evening both male and female strobili emit a strong, putrid odour; pollination droplets are
also secreted from the ovules. Evaporation of the exposed polien droplet is very slow at
night in the tropical rain forest. This nocturnal entomophily is attained by replacing showy
petals with a strong odour.

At the time of pollen germination, the exine is cast off. The pollen grains are devoid of germ
pores. The pollen grain puts out a tube which grows and traverses the nucellus through
intercellular spaces. When the pollen tube has travelled almaost half the length of (he
nucellus, the spermatogenous cell moves into the tube whereas the prothalliai cell
degenerates in situ. On division, the spermatogenous cell forms two male cells (Fig. 4B.7f).
The male gameles move ahead of the tube nucieus and come to lie near (he tip of the polien
tube (Fig. 4B.7g).

A polien chamber devclops at the apical portion of the nucellus. When megasporogenesis is
complete, the cells in the upper region start degenerating. The degeneration of the
cytoplasm is followed by the breakdown of nuclei and cell walls, Eventually, a shallow pollen
chamber is formed into which pollen grains will be lodged. The cells between the pollen
chamber and female gametophyte are gorged with starch grains. The growing endosperm
(female gametophyte) nearly consumes the nucellus and, in a mature seed, the cells in the
apical portion become cutinized and persist.

During post-pollination stages, a ring shaped swelling appears just above the insertion of
inner envelope. Another swelling or proliferation develops in the apical part below the
polien chamber, .

At the time of pollination, a circular rim or an umbrella-shaped structure, called “fMlange”
develops from the integument. Its function is not clear.

Micropylar Closing Tissue : Another tissue (closing tissue) is formed by the proliferation of
inner epidermis of integument at the level of the flange. This results in the closure of the
micropylarcanal. The closure is due to the clongation and interlocking of the inner
epidermal cells. The micropylar closing tissue may grow downward filling the pollen
chamber. The plugging tissue has been called “obturator” as it fits in the pollen chamber.

SAQ3
I 1farchegonia arc absent in Gretrem, where is the cgg nuclcus present.
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Fig. 48.8: Plagram illustrating double [erillizatlon In Grefum gnemon. Blaucleate sperm cells are
produced within pollen tubes that enter a coenocytle female gametophyte. Shortly after
pollen tubes enter, free nuclel within the female gametophyie migrate sround the tips
of pollen tubes. None of the female nuclei differentiate as eggs and all represent
potential gameies. Pollen tubes discharge both sperm nuclei into surrounding female
cytoplasm and each sperm nucleus fuses with a separate female nucleus. Double
fertilization results in the formation of two viable zygotes. Although unfertilized
femgle nuclet may become cellular (arrowheads), they are clearly distinguishable
from diploid zygoles. Concurrent with [ertilizatlon, the chalazal reglon of the female
gametophyte becomes cellular, will eventually enlarge and serve to nourish developlog
embryos. As many as sIx pollen tubes may fertilize a single female gametophyte, (after

—. Friedman 1996).

SAQ 4

Stale whether the following slatement is true or false. Write T (ot true and F for [alse in (he
aiven bracket,

1. In Grerem the pollen grain is shed at three nucleale stage, [ ]
2. InG. wia (he pellination take place when female gametophyte shows 250 nuclei. [ ]
3. The pollination drop is rich in protein and vitamins, [ 1

4. In the stem of seme species of Guetun several accessory rings of vasculature of which
some may be incomplele are formed due to secondary growth. [

5. The development of the female gemetophyte in Gretin is tetrasporic. [

There are reports of double fertilization in the genus Gaerum. L oceurs regularly in G.
gnemon, and s possible because two sperms per pollen tube have access 1o at least Lwo
fecundable female nuclef in the gametophyte, [n Gretun gnemon a binucleate sperm ceil is
formed in the pollen wbe. In the free nuclear female gametophyte, undilferentiated female
nuclei funclion as eggs. The two sperm nuclei are released in the surrounding female
cyloplasim and each fuses with a separale female nucleus thus causing double fertilizarion,
resulting in two diploid zygotes. Aller fertilization each zygole nucleus develops into an
embryo, but usually only onc altains maturity in the seed. You must study Fig. 4B.5 for the
detaiie —

4B.6 EMBRYOGENY AND SEED DEVELOPMENT

The zygote may give rise to a small protuberance into which the nucleus moves (Fig. 4B.9a).
It may even divide into two cells and both or one of the cells may give out a tube (Fig. 4B.9b).

TIET R

T

AT



I
NN N

|
Tk

L]
1

17

|
I

i A e
[

I

¥ I L P

[~

Endosparm colls

L]

I
S

Primary suspansar bae

o

Fig. 4B.9a-c: Stagesin development of embryo of Grefuim gnemon. a) Zypole giving out primary
suspensor tube, b) Two-celled zygote: some endosperm cells are also seen. ¢}
Branched primary suspensor tube. d) L.S. ovule showing numerous primary
suspensor tubes penctrating the female gametophyte. ¢) Lower portion ol ovule
showing the primary suspcnsor tubes growing beyond endosperm in the nuceilar

tissues.
The wbes have variously been designated as primary suspensor tubes (o differentiate them
from the secondary suspensor which will be described later. The tubes become septate and
much elongated and coiled, and penctrate the female gametophyte or endosperm (Fig. 4B.9¢).
These primary suspensor tubes always move downwards i.e., towards chalazal end

(Fig.4B.9d, e).

Embryo development starts at the tips of some of these primary suspensor tubes. The
nucleus of the primary suspensor (ube migrates towards the tip and divides into two unequal
nuclei (Fig. 4B.10a, b). The smaller one becomes rounded and divides twice producing four
cells. Subsequent divisions are irregular forming a mass of cells, upper cells of which give
rise to the secondary suspensor (embryonal tubes) (Fig. 4B.10¢, d). Cells at the tip of the
sevondary suspensor are compact and form the embryo proper (Fig. 4B.10¢). The secondary
suspensor becomes quite massive appearing like a folded plate of cells. Some cells elongate
producing long tubes growing on the sides of the primary suspensor tube which ceases to

function {Fig. 4B.10f).

Embryo Development : Of the many primary suspensor tubes, only few continue to develop
and the remaining embryos along with their primary suspensor system degenerale. The
growing embryo exhibits a conical mass of cells with the shoot apex at the tip of the cone. On
the sides of the embryonal mass tip, the cells divide actively to form two cotyledons covering
the central zone of the shoot apex. The root tip is differentiated at the opposite end. The root
cap cells are confluent with the massive secondary suspensor. Afier the formation of the
shoot and the root apices, a small protrusion appears in the region between the two

Gnelopsida : Ephedra and Gnexum
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Primary suspensor tube

Embryonal iubes

Primary suspansor tubae

Embryonal lubes
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Embryonal lubes

REEE . Embryonal mass

Fig. dB.10: Gnetum sp. (et, embryonal tubes). a) Tip porlion of primary suspensor tube. b, c)
Same showlog 2 and 8 celled stage; nucleus of primary suspensor tube is
persistent. d, ¢) Upper cells of the cellular mass have enlarged and undergone
division to give rise to secondary suspensor (embryonal tubes) f) Young embryo
showlog primary suspensor tube with long, coiled multicellular sgcondary
suspensor. A few cells of secondary suspensor have elongated to produce long tubes
growing on the sides oi primary suspensor tube {after Vasil 1959). -

apices.This is the beginning of the so-called “feeder”. It shows epidermis, cortex, vascular
bundles and pith. In the mature embryo the feeder is very prominent and is generally longer
than the hypocotyl (Fig. 4B.1 1a).

Polyembryony is very common in Gnetum (Fig. 4B.11b). Both simple and cleavage
polyembryony are recorded. The cleavage polyembryony may occur from the embryonal
mass of the primary or the secondary suspensor tubes. Sometimes cells of the secondary
suspensor may become meristematic and produce many embryos-at the tip. .

Endosperm : Unlike other gymnosperms where a cellular endosperm (female gametophyte) is
formed before fertilization, in Gretum although the celiularization begins before fertiitzation, a
part of the gametophyte remains free nuclear. Wall formation results in multinucleate
comparirnents. The nuclei in each cell eventually fuse forming a single polyploid nucleus.
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Fig. 4B.11 :"Gnetum gnemon a) L.S. mature embryo showing a well developed feeder which is
much longer than the embryonal axis. The dotted lires represent vasculature, ’
b) Polyembryony; not¢ the development of additional embryos from primary
suspensor tube (after Sanwal, 1962).

As the endospern grows, its shape changes with the lower pan becoming broader than the ;::wll:_lr; z;i-lcdlcl:llh E{::'::’ ::”Cih "
2 . ' v Weste it
upper. It even overgrows chalazal part. These cells undergo transverse divisions producing a

WS ; takes nearly 18 manths from the
distinct area called axial tissue. The upper part is gradually consumed by downgrowing time of iniliation of strabilus 1o

suspensers, and later becomes compressed and crushed. The endosperm is rich in starch and  sced germination. Sceds ke about

oil droplets, and provides nutrition to the undiiferentiated embryo which continues to grow 'h}'('i:"l to ]\fj"-'lf"‘l"‘;'_"-' aller being

even after the seed has fallen to the ground. . shed. In N.I India (Assam} seeds
of & grnemon are shed in June/

. . . . . . . July and they germinate in
Seed : The seed in miost species of Guetun is oval, its colour ranging from green to red. The Seplember next vear,

falmree-

Seed

d

Fig. 4B.12: a-¢) Germination of seed and scedling formation in Gaettrar (after Maheshwari &
Yasil. 1961).
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Gymuosperms seeds are shed at a stage' when the embryo is not fully formed. The nucellus represents a thin
strip at the apex; the endosperm is massive, surrounded by a three-layered seed coat.

There is always a time lag between seed shedding and seed germination. In G, ghnemon seeds
are shed in April and germinate in September, whereas in G. ula they take one year to
germinate. The germination is epigeal (Fig. 4B.12).

SAQS

State whether the following statements are true or false. Write T for true and F for false in
the given bracket.

1. In Gnetum a coiled secdndary suspensor is formed which pushes the developing

embryo deep into the endosperm. [}

© 2 InGnetum ‘feeder’ is very prominent in mature embryo and is generally longer than the

hypocotyl. [ ]

3. Polyembryony is not very frequent in Gretim. [ ]

4. In Gretum the seed consists of a three-layered seed coat. [ ]

5. Inall the species of Gnesum, the seed germinates after one year of shedding. [ 1]
SAQ6

1. What is unique about fertilization in Grestm?

2. What types of polyembryony are recorded in Grerum?

3. Isthe embryo fully mature when the seed is shed? Comment.

4. How is the endosperm of gymnosperms different from that in angiosperms?
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Guoelopsida : Epkedra and Gnetum

Economic Imporiance

Gnetum gnemon is cultivated in Malaysia and Indonesia and some other southeast Asian
Islands for its edible seeds. Young leaves and inflorescence are also eaten as vegetable. The
bark yields a fibre from which ropes are made. Kernels of G. u/a yield an oil which is used in
Kerala for massage ini rheumatism. G. montanum is reported to posses piscicidal

properties.

4B.7 RELATIONSHIPS

4B.7.1 ‘Relationships with Ephedra and Welwitschia

For a long time, the order Gnetales used to include, besides Grerum, Ephedra and
Welwitschia also. Some of the characters which these three genera share are a) the presence
of tracheids and vessels in the wood, b) the male and the female reproductive parts bome on.
fertile shoots resembling flowers, arranged in compound strobili, ¢} better protection of the
ovules as compared to other gymnosperms, and d) formation of a micropylar tube by the
prolongation of the integument.

The group Gnetopsida was considered to be the most evolved amongst gymnosperms
approaching towards angiospermous stock. However, two basic characters, which the three
genera share with other gymnosperms are a) naked ovules borne in strobili and b) absence
of style and stigma, and ¢} poltination being totatly an ovular activity.

[ =2 (TR

The present day botanists, agree 1o split the order into three separate orders viz. Ephedrales,
Gnetales and Welwitschiales, each having a menotypic family namely Ephedraceae,
Gnetaceae and Welwitschiaceae. The differences between Grerum and Ephedra are well
marked. Since the genus Welwitschia is not fully studied, it offers only few points. Some of
the major differences between Gretum and Ephedra are:

Gnetum is restricted to humid tropics or subtropics, whereas Ephedra grows in dry regions
and even at high altitudes. The plants of Ephedra are bushy with minute leaves showing
parallel venation, whereas those of Gretum are trees or lianas possessing broad
“angiospermous’ leaves having reticulate venation. The stem of Ephedra shows typical
xerophytic characters and is assimilatory in nature. It is green due to the presence of
palisade tissue in the cortical region. The stele is simple. The stem of some species of
Gneitum, on the other hand, shows anomalous secondary growth.

Though both Ephedra and Gnetun possess vessels, there is a marked difference in the
basic nature of vessels. The vessel in Grenm has a single large perforation in the end wall,
whereas in Ephedra, it has a large number of bordered pits in which middle lamella is
lacking. The ovule in Ephedra originates as a terminal organ on a lateral appendage of a
fertile shoot, whereas in Gretun: it is cauline (at the tip of the shoot axis) in pature. This
morphological difference is very significant and indicates a great phyletic gap between
Ephedraceae on one hand, and Gnelaceae and Welwitschiaceae on the other.

The division of cells in the pollen grains of Ephedra follows the gymnospermous plan. The
pollen grains are shed at five-celled stage consisting of two prothallial cells, stalk and
spermatogenous-cells and a tube nucleus. In Grefum the pollen grains are shed at the three-
celled stage, comprising a prothallial cell, a tube nucleus and the spermatogenous cell.

The development of the female gametophyte is monosporic in Ephedra, whereas it is
tetrasporic in Grefum. .

The female gametophyte in Ephedra becomes cellular before fertilization takes place, whereas
it is partly free nuclear in Grefum at that stage.
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A “tent pole” is present in many species of Ephedra but is absent in Gretum, except for a
rudimentary structure in G. gfricanun.

Archegonia are formed in Ephedra, whereas they are absent in Grefum.

4B.7.2 Relationships with Angiosperms
CGrnetum resembles angiosperms in many respects

i) Gnetum plant in its external appearance resembles a typical dicotyledonous plant. The
reticulate venation in the leaves of Gretum is similar to that seen in a dicot.

ii)  Both the groups exhibit vessels in their xylem. The origin of vessels is, however,
different in the two groups. In Gnetum, the vessels have evolved from tracheids
having a number of bordered pits on the end wall, whereas, the angiospermous -
vessels have evolved from tracheids with narrow scalariform perforations.

iti)  The tunica and corpus arrangement of shoot apex of Gretum is angiospermous.
However, the presence of central mother cells is a typical gymnospermous character.

iv)  The integument of the ovule in Gnetum elongates to form a well developed micropylar
tube. Germinating pollen grains have also been found at times in the tube. The
situation strongly reminds of a style of an angiosperm-carpel.

v)  The mepasporogenesis in Gnefum is tetrasporic which is not found in gymnosperms
(except Welwitschia) and is common in many angiosperms. The formation of
archegonium is completely suppressed in both groups. Some free nuclel of female
ga.metophy!e act as eggs in Gnetum,

vi}  The storage tissue or endosperm in angiosperms develops after fertilization and is
triploid (result of triple fusion). In Grefum, though the cellularization starts prior to
fertilization, it is complete only after fertilization and is haploid.

vii) The zygote does not undergo any free nuclear division.

Based on the above apparent fesembl_a.ncés it is regarded that angiosperms passed through
some stage during the evolution which is now presently shown by Grefum. It is thought that
Grnetum has closest phylogenetic affinities to angiosperms than any other group of plants.

SAQ7

1. Give two resemblances between Ephedra and Gretum.

2 Why is it said that Grefum approaches angiosperms in some respects? Give two salienl
features.
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4B.8 SUMMARY

The génus Gretum is widely distributed in the tropical and subtropical parts of the world.
Five species gceur in India chiefly in Western Ghats and Assam. Gretum resembles more an

angiosperm than a gymnosperm. Gretum is dioecious and the inflorescence is either solitary

or a fascicled panicle. Both male and female strobili look alike when young, but as the strobili
grow the distinction becomes clear. The pollen grains are shed at the 3-celled stage
(prothallial, tube and spermatogonous). During megasporogenesis tetranucleate
coenomegaspores are produced. The female pametophyte is tetrasporic. Several

- gamelophytes start growing but only 2 or 3 grow beyond 16-nucleate stage. An interesting
feature is the absence of archegonia. Usually two free nuclei develop into eggs. In G-
gnemon two sperm nuclei are released in the surrounding female cytoplasm, each fusing with
a separate female nucleus thus causing double fertilization, resulting in two zygotes. After
fertilization, only one of the zygotes develops into embryo. Only one or two embryos reach
maturity, whereas the rest degenerate. Both simple and cleavage polyembryony are recorded.
The seeds are shed at a stage when the embryo is not fully formed. Grefum shares some
characters with Ephedra and Welwitschia, and some characters with angiospérms.

4B.9 TERMINAL QUESTIONS

1. On what basis is Gnefum classified as a gymnosperm and not an angiosperm.

2 Isthe origin of Gretum well understood or is it still a puzzie? Comment.

. Gnetopsids : Ephedra and Gretums
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3

4.

5.

Describe the megasporangium of Gretun with diagrams.
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4B.10 ANSWERS

Self Assessment Questions

D

2}

3)

4)

5)

6)

7)

-

L.

W - N

M o~ N

il A

2

Kerala I 4, vessels
moist 5. laticifers.
reticulate

Please refer to section 4B.3 — Subsection — Shoot apex
Please refer to section 4B.3 — Subsection — Stem

The wood of Gnetum is characterised by the presence of vessels and a single pore
on their walls,

In Gretum archegonia are absent but wien pollen tube makes contact with the
female gametophyte, one or more nuclei in the equatorial region of the dialated part
become large in size and dense staining. These are the egg nuclei whose usual

number is two but, rarely, one or three nuclei may also develop into eggs.

Please see section 4B.5 Pollination and fertilization.

True . 3. True
True 4. False

True ' 4, True .
True 5. False

False

In Gneium double fertilization occurs resulting in two diploid zygotes. After
fertilization each zygote develops into an embryo, but usually only one attains
maturity in the seed.

Refer to section 4B.6 — Embryogeny and seed developmenl subsection Embryo
development.

See Subection — Embryo development
Refer to section 4B.6 — Embryogeny and seed development subsection endosperm.

Both Greium and Ephedra have

i) tracheids and vessels in the wood.

i) male and female reproductive parts borne on fertile shoots resembling flowers,
- arranged in compound strobili.

See subsection 4B.8.2 — relationships with angiosperm.

Terminal Questions

L.

.The Gnetum plant exlernally resembles a typical dicotyledonous plant but there are
several differences.

i)
ii)

i)

The vessel is present in both angiosperms and Grefun but their origin is different.

The Tunica Corpus arrangement of shoot apex of Gnetum is angiospermous.
However, the presence of central mother cells is a typical gymnospermous character.

Endosperm is alse found in Gretum but it is haploid in nature and not triploid-as in

angiosperms.
On the above given characters Gnetum is classified as a gymnosperm and not as

an angiosperm.

See section 4B.11 — Relationships Points for reference.

Y

its affinities both with gymnosperms as well as with angiosperms make origin of
Gnetum as puzzle,

See section 4B.4 — Reproductive structure and subsection 48.4.2 Gametophyte.

See section 4B.4 - Reproductive structures and subsection 4B.4.2. Female strobilus and
gametophyte.

- r i
See section 4B.5 = Pollination and Fertilization.

Gretopsida : Ephiedra and Gretum
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‘5.1 INTRODUCTION

UNIT5 ECONOMIC IMPORTANCE OF
GYMNOSPERMS

Structure
5.1  Introduction
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52  Uses ofGymnosperms-
33 Timber and its Products
54 - Ndn-timber Products

55  Pulpand Paper

56 Food

57  Medicinal and Allied Uses
58  Aesthetic Value

59 Economically Important Indian Gymnosperms

510 Summary

511 Terminal Questions

5.12 Answers

The gymnosperms are an important group of plants that inhabit mostly the temperate areas
and the higher elevations in the tropics. The conifers comprise a major component of the
forest flora in the northern and southern temperate belts. The timber or lumber industry
plays a vital role in the economy of the countries situated in these geographical regions viz.
USA, Canada and Northern Europe.

Gymnosperms are put to a variety of uses. Their wood is used in consfruction, building and
furniture. They are also the source of paper and medicines, perfumes, vamishes, oils and
edible nuts. Some gymnosperms are important in landscaping and horticulture.

Objectives

After studying this unit you will be able to:

¢ cnumerate the uses of gymnosperms, )

® list important species used as timber or for other non timber purposes,

® present a resume of the economica-lly important Indian species and

® mention some of the recent developménts regarding utilisation of gymnosperms for their

therapeutic value,

5.2 USES OF GYMNOSPERMS

The gymnosperms in general and the conifers in particular are the source of numerous
products used in our day-to-day lives. The trees are used to provide timber for building and
construction work. They also are a source of numerous products such as resin, rosin, copal,
sandarac, fatty oils and essential oils. The rre'ﬁr_s“print-inausu'y owes a lot to the paper

. obtained from coniferous wood. Seeds of some gymnosperms are edible and plant parts of

some others may be eaten raw or cooked. Certain gymnosperms have been known to
possess (herapeutic. properties and now these are being exploited commercially. Last but not
the least, it is this very group of plants that is the source of the “Christmas Tree”. Used by
landscape architects, the gymnosperms are an excellent source of evergreen plants,

We will now present to you a detailed account of their economic importance.
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5.3 TIMBER AND ITS PRODUCTS

The term *timber’ refers to trees or wood suitable for building purposes. ‘Lumber’ is another
term that refers to timber but this word is used mainly in America. The gymnosperms,
especially conifers, are an important source of timber all aver the world. Large tracts of
forests in the temperate belts of America, Europe and Australia are comprised of evergrecn
conifers. :

The conifer wood lacks both vessels and xylem fibres, hence it is non-porous and soft, It
consists of tracheids, xylem parenchyma and xylem rays. As it lacks fibres it has a higher
content of cellulose compared to angiospermous woods and, therefore, it has a softer texture,
The coniferous wood is generally straight-grained, light coloured and light-weighted. There
is very little difference between heartwood and sapwood. It finds use where great strength
and durability are not required. Itis valued.for fumiture making and interior decoration. We
shall now discuss some important timber sources in detail. '

Pine wood is a softwood which is put to a variety of uses all over the.world. Pinns sylvestris
(Scots pine). P. caribaea, P. palustris, P. contorta and P, densifiora, are some of the
commerciatly important timber trees in America and Europe. The wood is used in construction
and carpentary work. Other sources of pine wood are P. halepensis (Medilerranean) ;

P. nigra, P. pinaster and P. ponderosa (N. Europe); and P. maonticota, P. strobus, P.
lambertiana and P. radiata (America). Pinus roxburghii (“chir”), is one of the most widely
used commercial timber of India. It yields a resinous, non-durable and light wood which finds
its use mainly in packing cases, construction work, low priced furniture, poles, railway '
sleepers, truck and bus chassis. P. wallichiana (“Kail"” or blue pine) is comparatively hard
and dufable, and put to uses similar to that of “chir”.

Box 5.1 : Conifer conservation

The conifers include the world’s tallest, oldest and most massive living biological
organisms. As a whole, they are, with few exceptions, large statured woody plants
providing most of the timber to the world. Much of the world's timber from conifers is
traditionally gathered by direct exploitation of entire wild stands of trecs. The _
exploitation is to such a great extent that in Nature their populations have declined
drastically, especially in many tropical and southern insular regions of the world. Many
of the wild species are slow growing, providing the most valuable timber but little work
has been done for replanting the same species and if any replacement is done that too
is with a few, introduced fast growing species such as Pinus hence now wide spread
conifer species are especially of pines. Thus many other localized conifer populations
are highly vulnerable and aged specimens, once common, are now rare. A specialist
conifer conservation group of the International Union for the Conservation of Nature .
has been established with its Secretariate at the Royal Botanic Gardens, Edinburgh.
Some conservation backup, on an extremely modest scale, can be undertaken in
conifers through seed banks and through the establishments of small selections of -
genetic material under cultivated conditions, sometimes far from the species and
original homes, But the slow rates of growth and very great age of some taxa cannot be
matched in brief periods of cultivation. Thus successful preservation of whole stands
of unfelled wild trees is essential if the greater part of these immensely useful senetic

resources are not to be wholly lost for the fulure.

7

The wood of spruce (Picea sp) is light weight, and straight grained but it is not very durable.
The timber has a natural lustre which makes it attractive for plywood and indoor finishing,. Tt
is also used for making match boxes. At Christmas time this tree is sold for decoration. The
maximum utilization of this wood is for making pulp and artificial fabric pulp. Some ofthe
‘important species are P. abies, P. engelmanni, P. glauca, P. mariana, P. rubens, P. sitchensis’
and P. smithiana. Spruce wood shows spiral thickening on the inner wall of tracheids. These
apparently are responsible for giving the wood a resonance that makes it ideal for use as
soundboards for violins, pianos and organ pipes.

Larch trees (Lbrix sp.) vield moderately hard and durable wood that can be used even in
contact with the ground such as pit props in mines and boat building. Posts of larches are
known to last for 20 years or more and are a source of one of the toughest of.all conifer
woods. -

Economic importance aof

Gymnosperms

The common yew, Taxus buccata,
offers the heaviest wood amongst
sofllwoods, The wood of Thujo
plicate is ane of the most durable
ones due 10 the presence of
antibiotics. Hollowed our runks
have been used as canoes. ’

Taxeditm s one gymnosperm
that does well in swampy and wel

. areas, It is useful al places where

resistance 1¢ decay is more '
important than strepglh,
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The balsam fir {4. balsamea)
produces on its bark blisters
containing a clear resin which is
known as Canada balsam.

The wood of Taxus has tertinry
spiral thickenings on its tracheids
which impert elasticity to the
wood.

The dammar tree is also the
source of dammar and amber.

108 .

There are about 40 species of fir (4bies) which are widely used in construction work, plastic
and paper industries and as Christmas trees, Abies alba. A. balsamea and A. concolor form
an important timber source in Europe and North America. 4. pindrow oceurs in India but its
wood is not very strong or long lasting.

Douglas fir (Psendosiuga menziesii) is not a true fir. It grows into giant trees that are second
only to the redwoods in size. It is probably the most desired timber tree in the world today.
The wood, which is strong and relatively free of knots (because of rapid growth with less
branching than most other conifers) is made into heavy plywoods and large beams. It takes
paint and polish well.

TTTECARTCC

Coast redwood (Sequoia sempervirens) is also prized for its wood, which has certain
substances that inhibit the growth of fungi and bacteria. The wood is sof, light in weight, L
but strong and splits easily. It is a source of excellent timber, but as the species is facing i
extinction, it is protected in reserves and national parks. It is used for some type of
construction, furniture, posts and several other purposes.

The common yew (Taxus baccata) yields one of the heaviest softwoods. The wood is used
in making bows for archery, candle sticks and curios. As it is very durable, oily and L
decorative (because of irregular growth rings) it is used in furniture, flooring, panelling, etc.

Cedrus deodara, the “deodar” (India) and C. atlantica (Algeria and Morocco) are valuable
timber trees. The cedar wood is durable, oily and much in demand as the seasoned wood is
resistant to insect attack due to the presence of oil. However, it is not suitable for ply wood
because of large knots. g

Red cedar wood (Thuja plicata) is used for pencils as well as for cedar chests, closet lining,
fence posts and cigar boxes. The wood is durable due to the presence of certain ingredients
that impart weather resistant properties, thus preventing decay. The wood of Eastern white
cedar (Thuja occidentalis) is pliable, and several native American tribes used it for making
canoes. The white cedar is an aftractive tree and is grown as Christmas tree in Indian plains.

Agathis australis (Kauri pine) is the chief timber tree of New Zealand., It is the most )
important conifer of the Southem Hemisphere. Araucaria species are important sources of
timber in Brazil and Australia.

SAQ |
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-Maich the species given in column B with the uses given in coiumn A.

Column A Column B
1. Non-porous and soft wood Picea sp.
2. Widely used as commercial timber of India Abies sp.

3. Wood used in manufacture of sound boards
of violins, pianos, ctc. Pinus roxburghii

4. One of the toughrest of all conifer woods Conifer wood

5. Mostly used for paper industries or as
ornamental plant Larix sp.

5.4 NON-TIMBER PRODUCTS

Besides yielding tii'nbcr, the wood of conifers is put to a vatiety of uses,

Resins:

Resins are plant exudates that make the wood resistant to decay. They are insoluble in water
but dissolve in organic solvents.

The wood of a farge number of conifers shows the presence of resin ducts which yield
oleoresin on tapping. An oleoresin (pine gum, pine pi?ch or turpentine) is a mixture of rosin
and essential oil. On distillation of turpentine (i.e. crude resin), a brittle resin is leR behind



called rosin ofguni_rusin. Rosin is also obtained by solvent extraction of old stumps. This is Economic Importance of
called wood rosin. Rosin is used in making vamishes, inks, etc. Gymnosperms

Box 5.2 : Turpentine collection

Turpentine oozes out from the resin canals after cambium layer has been exposedbya ’
cut, and at the same time the development of new ducts above the cut is stimulated. In
the species used commercially the ducts are exceedingly large, and there is a heavy
production of the oleoresin. Chipping, and re-exposing of the cambium, has to be
performed periodically; otherwise the oxidation and crystallisation of the resin would
clog the old ducts.

_ Copal and Sandarac are hard resins which contain very little essential oil. Copal is obtained
from living trees as well as fossil state. The most important is Kauri gum or Kauri copal from
Agathis australis. It is used for the preparation of lacquers, vamishes and enamels. Manila

_copal is obtained from A, alba Tetraclinis and Callitris produces Sandarac.

Amber is also a fossil resin secreted by the extinct pine, Pinus succinifera. Fossil amber’ Amber occurs as lumps of
sometimes shows the presence of remains of plants and animals trapped in the resin. It has transiucent material with a yellow

been reported that the human blood, when kept in an amber container, does not coagulate. ;'Sn:“gsom lumps weigh up to

Canada Balsam is the resin obtained from Abies balsamea. Its refractive index is near that of
glass and it does not crystallize. ltis used as a mounting medium for microscopic histological
preparations and a cement for lenses in optical work.

Box 5.3 : Resins

The term resin is a generally used to describe the brittle, glassy, thickened exudate of
certain plants. Resins are plant cxudates which make the wood resistant to decay.
Conifers are amongst the major resin soufces of the world. Resins are water insoluble,
but dissolve easily in organic solvents. Resins are put to a variety of uses; the superior
grade is used in the sizing of paper, as a constituent of varnishes, enamels, plasters,
medicines and ointments; the inferior grades go in the making of oil cloth, grease,
insecticides, adhesives, plastics, disinfectants, shoe polish, etc. The huge kauri pines
{(Agarhis) of New Zealand, which belong to a different family (rom that of true pines, are

" the source of 2 mixture of resin which are used in high-quality colourless varnishes.
This was also the resin originally used in the manufacture of linoleum.

In India the tapping of pine trees (Pinus roxburghii and F. wallichiana) is generally
done from March to November. Tapping is done in two ways; (i) light continuous
tapping and (ii) heavy tapping. A rectangular piece of galvanized iron is hammered in,
to form a “lip” and a nail is driven about 2 cm. below the lip on which the collecting
vessel is ang. A channel is made just above the lip and this facilitates collection of
the exudate. Every year the channel is increased at its upper end. Afler 5 years a new
face is made on the same tree trunk and the process continues till the complete girth is
used. In heavy tapping numerous faces are tapped simultaneously. This is done on
trees that are old and earmarked for felling in the future.

Tannins : Tannins are extracted from the bark of some of the tree species of gymnosperms
(Picea, Larix, Sequoia, Tsuga, Araucaria). Tannins are used in the leather and petroleum
industry for dyeing tanning purposes, and in medicine. However, tannins from these sources
have as yet not been exploited commercially. The bark of larch and spruce are also used for
tanning of leathers. '

Miscellancous Uses : The roots of white spruce are pliable and the split form were used for
basket and canoe making by native Americans.

SAQ2
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Gymnosperms

Conifers are preferred throughout
the world as a source of pulp
because of greater sverage length
of their tracheids and large
pereendage of long tracheids per
given volume of wood, The best

" source is Picea which produces

wood pulp thal is light colourcd
with low resin vontenl.
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3 e @0 e e eeeeeeen... A€ hiard Tesing which
contatn very little essential oil.

4 .. 1S @ TESIN, Which s used as a medium for mounting
microscopic objects.

SAQ 2

What is resin? Discuss its uses.

5.5 PULP AND PAPER

Pulp from conifer wood is used world-wide for the manufacture of paper. The newsprint
industry is almost entirely dependent on this source. Superior quality writing and printing
paper is manufactured from the wood of conifers such as Picea, Abies, Tsuga, Larix and
FPseudotsuga. The chief source for pulp and paper making,in North America is white spruce
(Picea glauca).

Major portion of wood pulp is derived from coniferous wood especially Picea, Abies and
Pinus. Several products such as rayon, transparent and photographic films etc. are also
manufactured from wood pulp:

In India, Picea smithiana, Abies pindrow and Pinus roxburghii provide excellent quality
pulp. The wood of Cryptomeria japonica yields kraft paper.

5.6 FOOD

The cycads are used as food in many parts of the world. They are eaten as a source of starch
which is obtained either from the stem pith or the seed kemels.

Box 5.4 : Sago production

The Cycas plants which are nearly seven years old and have not fruited are best suited
for stem starch purposes. The plants are cut just before the flush of new leaves and the
outermost dry annularly furrowed stem alongwith the fronds are removed. Only the
innermost cylindrical axis is used which after drying is made into flour. The starch is
converted into spherical granules, called “sago”. These granules are passed through
sieves 1o obtain several grades such as ‘bullet sago’, ‘pearl sago’, etc.

The starch (popularly known as “sapo”) is obtained from the stem Cycas circinalis, C.
rumphii, C. revoluta, Zomia and Macrozamia. The pith of Encephalartos stem is used for
making “kaffir bread” in Africa. Cycads have a toxic pripciple {(cycasin) which is
inactivated by heating. Seeds of Cycas and Macrozamia are eaten in India and Australia,
respectively by the tribals.

Roasted seeds of Araucaria, Ginkgo and Torreya are consumed in Australia, Chile and
Japan. Pine seeds have been used for a long time as a food item. In India, too, Pinus
gerardiana (Chilgoza pine seeds) have been marketed by traders who obtain most of the
supply from Afghanistan. The tree grows in the higher altitudes of the Western Himalayas
(Himachal Pradesh). In Europe and North America also, edible seeds of pines (P. pineq, P.
cembra, P. pumila, P. edulis, P. parryana, P. monophylla) are sold as nuts for use in soups,
desserts and in the manufacture of candies and confectionary.
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[nner sofl parts such as phloem and cambium of many coniters have been used as emergency
food since time immemorial. The phloem contains sugar that makes it 1aste sweet. Some N,
American tribes ate the malerial raw. Others dried it and ground it into flour, while others
boiled it and stored it as dricd strips for use in winter.

The fleshy red arit surrounding the seeds of Tavus is sweet and consumed by animals. But
the seeds themselves and other parts of the plant are poisonous.

The Ginkgo seeds possess fleshy seed coat which has a fou) odour but the kernels (starchy
endosperm in seeds) are edible. In China and Japan these are widely used cither boiled or
roasted.

SAQ 4

State whether the [ollowing statements are truc or false: write T for true and F for false in the
given brackers.

1. Pearlsago is obtained from the fruits of Cycas revoluta, [ 1
2. The sceds of nearly all the pines are edibic. [ ]
3. Aril, secds and other parts of the Taxus plant are sweet and edible. [ ]
4. inIndia chilgoza seeds arc obtained from Pinus gerardiana, [ ]

5. The stem starch commonly known as sago is obtained from Cyeas circinalis,
C rimphii and C, revoluia. [ ]

3.7 MEDICINAL AND ALLIED USES -

One of the best known medicinally important gymnosperms is Epliedra. The alkaloid
ephedrine is extracted from the green branches of Ephedra gerardiana, E. equisetina and E.
sinica, Ephedrine is an important ingredient of cough mixtures and nasal drops. Tt dilates the
bronchial tube and also contracts the mucous membrane. Presenlly all pharmaceutical
industry requirements of ephedrine arc met from the commercially synthesized alkaloid.
Local requirements in indigenous medicine are still fulfilled by using planl exiracts.

Taxus (Yew) is used for curing a number of ailments. Leaves of T. baccata are used in asthma,
brenchitis, epilepsy and indigestion. The plani contains a toxic principle taxine which is an
active heart poison, Another important drug presently being marketed is taxol which is
obtained from Taxus brevifolia. It has been effectively used as an anti-cancer drug
(especially against ovarian, breast and colon cancer), As a large number of yew trees are
being felled to obtain this drug, efforts are now on to preduce the chemical taxol through
tissue culture. The alternative possibility of chemical synthesis is also being investigated.

Box 5.5: Cancerand Taxol '

In 1989, at Johns Hopkins Oncology Centre, N.Y. Washington, researchers have
reported that ovarian cancers that had not responded to traditional therapies
(including, in some case, surgery) had a decrease of 50% or more in the size of their
tumors, and one women'’s tumor disappcared allogether after ireatment with taxol — a
drug obtained from the bark of the Pacific yew iree (7axus spp.). Pacific yew trees are
small and do not occur in extensive stands. They grow very slowly and take nearly 70
years 1o attain their full size.

Seeds of Ginkgo bitoba are used in the cosmetics industry in China and Japan. Unripe seeds
are collected and the pulp of the seed coat is utilized.

The leaf extract of Ginkgo biloba is useful in the treatment of cerebral insufficiency and
verligo. Ginkgolide compounds also antagonise piatelet activating factor (PAF) in vertebrate
systems.

Economic Importance of

Gymnosperms
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Cycas seeds are used as an emetic and a cure for boils, and sores. C. rumphii pollen is
believed 1o be narcotic. The powdered siem of C. pectinata is used as hair wash for dis-
eased hair roots. Zamia seeds yield a poisonous substance that acts as a cure for gout and
pains. The peculiar odour of Cycas male cones drives away bugs and sometimes even rats
from fields or stored grains.

Essential oils extracted from conifers are used to some extent in perfumery, or in the’
preparation of insect repellents, deodorants and certain medicines for skin ailments. The oil

from female cones of Juniperus communis is used to flavour liquors (gin and other alcoholic

beverages). In India, Cedrus deodara oil is used in perfumery and soaps. It also serves as an
immersion oil for microscopic work.

SAQS
Fill in the blanks: N
I, Thealkaloid . meieemnirmssesnnereens 18 €Xracted oM ..o

2. The drugs it 15 Obtained from Taxus brevifolia,

3. e COMpounds also antagonise platelet deactivating factor (PAF) in
vertebrates.

4 oil is used in perfumery and soaps.

SAQ6

Write a short note on Taxol.

5.8 AESTHETIC VALUE

The scenic beauty of hill stations can be attributed in large measure to the presence of
conifers on the mountain slopes. Their evergreen habit, symmetric growth and tall
appearance are a treat to the eyes, Planted as garden or as avenue trees or even as green
belts to screen off the sunshine, they are the pride of horticulturists and garden lovers. Pines,

cedars, firs, spruces, junipers and hemlock are common planting material where the climate is

of the temperale type. Gymnosperms also offer a good source of planting material for

" developing “Bonsai” plants. This art of dwarfing plants and maintaining them as showpieces

originated in Japan; junipers and pines are favourites for this purpose.

As stated earlier in Unit 1, Ginkgo biloba (maiden hair tree) is a gift and relic of the past. The
plants are extensively cultivated in numerous gardens and arboreta of the world as botanical
CUFi0S.

Cupressus finebris is generally planted around tombs and religious buitdings; Taxws is an
ormnamenta! and an excellent plant for topiary work. Other conifers commonly grown in
gardens are ‘_Biora, Thuja, Juniperus, Araucaria and Pinus.

At the time of Christmas, saplings and branches of Picea abies are commonly used in
Europe for decoration. In India, it is Cedrus and Thuja which fulfil this role. In warmer
areas (i.e. tropical and sub-tropical) cycads are used as outdoor plants. Their captivating
graceful appearance adds to the beauty of gardens in these areas; they are also grown in
green houses in the temperate regions. :

Miscellanedus Uses — The fossil resin amber is used for beads, omaments or for carving,
making figurines and cigar holders. Portions of amber containing remains of plants and
insects are artistically modelled into pendants and show pieces.
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5.9 ECONOMICALLY IMPORTANT INDIAN
GYMNOSPERMS

One of the most important amongst timber trees of North India is Cedrus deodara {deodar or
cedar wood). It is the strongest Indian coniferous wood and, when seasoned, it is almost as
strong as teak. It is used for making furniture, doors and windows, flooring and also for
carving. It is resistant to insect attack due to the presence of oil. The oil extracted from it is
used in perfumery and scenting soaps.

Other timber yielding conifers of India are Cupressus torulosa (growing in the Western
Himalayas) and Picea smithiana (the west H imalayan spruce). Pinus roxburghii (chir ) and
P. wallichiana (kail} also find extensive use both in cheap quality furniture, construction
work and packing cases. The former is also the source of turpentine oil, tar and pitch. The
wood of 4bies is used as timber to some extent.

The seeds of Pinus gerardiana yield the edible chilgoza which is sold as a dry fruit.

Extraction of taxol on commercial scale from Taxus trees has been taken up on a large scale
(See box 5.6) and India is one of the suppliers of raw material,

5.10 SUMMARY

¢ The gymnosperms are put (0 a variety of uses. They provide timber, resins, paper and
board, edible seeds and some are even the source of medicines, -

®  The Coniferales are an important source of timber all over the world, yielding wood that
I put to a variety of uses all over the world.

¢ inlIndia Pinus roxburghii (Chir) is most widely used as a commercial timber.
®  The spruce {(Picea) is used for making sound boards of musical instruments.
®  Coast redwood is also prized because its wood is resistant 1o bacteria and fungt.

® Resin from pines is the source of turpentine and rosin. Turpentine oil is used ag a
solvent and rosin is used for making vamishes, ink, etc,

®  The major portion of wood pulp for paper production comes from conifers such as
Picea, Abies and Larix.

¢  The stem starch known as “sago” is obtained from Cycas,

® Some species of gymnosperms are medicinally important such as Ephedra from which
ephedrine is extracted. Another important drug taxol is obtained from Taxus brevifolia
which is effective against ovarian cancer.

® Theevergreen habit, symmetric growth, and 1all appearance make Eymnosperms
aesthetically important. Cupressus, Juniperus, Pinus, Taxus, Ginkgo, Thuja and
Araucaria are commonly grown in gardens,

¢ Conifers are widely used for commercial purpose and exploitation to such a great scale
that several species are becoming endangered. A specialist conifer conservation group
has been formed to protect wild conifer forests, :

5.11 TERMINAL QUESTIONS

. Enumerate the yses of gymnosperms.

Econemic Importance of
Gymnosperms

13

aymuren



Gymnosperms 2. What is resin and what are its sources ?

3. Write a short note on cancer taxol.

4. Give the names of the major conifers that are a source of timber in India.

6.  Write a short note on the aesthetic value of gymnosperms.

7. If money is not 2 constraint and you wish to make a dream landscape, what type of
gymnospenné you would choose and why?
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5.12 ANSWERS Gymnosperms
Self-assessment Questions
N1 c
2 c
3 d
4, a .
5 f {
6 g :
7 e
2)" 1., rosin, essential oil

2 Agathis australis
3. Copal and.Sandarac

4, Canada Balsam’

3) Seesection5.4.

4 L T
2T
3 F ;
4 T
5. T “

.5 L Ephedrine: E. gerardiana
2 Taxol
3. Ginkolide
4. Cedrus deodara
&) referto section 5.7
Terminal Questions
1} Make a list of uses of gymnosperm and write few lines on each.
2) Pleasereferto section 5.4 and Box 3.
. 3)  Please refer to the section medicine and allied use énd Box 4.
4} Seesection 5.3. Timber and its products.
5)  Seesection 5.5 pulp and paper. .
6)  See section 5.8. Aesthetic value,

7 You should make a list of the gymnosperms you will like to plant, and then make a
rough sketch keeping in mind the following points (1) climate (2) arrangement the
gymnosperms according to their (a) height, (b) leaf structure (¢} branching,

The answer will differ from person to person.
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Microsporangium

GLOSSARY

Albuminous Cell  : Parenchyma cells associated with sieve cells in gymnosperms.

Bulbil : A fleshy, axillary bulb-like structure that develops above ground ,
and functions in asexual reproduction.

_Dichasialeyme  : A cymose inflorescence in which two lateral branches occur about at

the same level.

Dipecious " Having male and female reproductive organs on different plants.

Ectomycorrhizse  : In the ectomycorrhizae the fungus produces mycelium on the root
surface. The hyphal strands penetrate the root between the cortical
cells and form there a net. )

Endoscopic : Tn plants, the condition when the apex of the developing embryo

embryogeny points towards the base of the archegonium.
Exoscopic : In plants, the condition when the apex of the embryo gets tumed
embryogeny towards the neck of the archegonium.
Extinct : The worldwide dlsappearence of a specific organism or 2 group of
: . organisms.

Manoxylic : Stems with scanty amount of xylem.

Megasporophyll : Leaf-like structures bearing megaSporangna

Mesozoic : A geological era beginning 225 million years ago and ending 65
million years ago.

Micropyle : A pore leading from the outer surface of the ovule between the edges

of the integuments down to the surface of the nucellus.

: A spotangium that bears microspores,

Micrasporophyll  : Leaf- like structures bearing microsporangia.

Monoxylic : Having one ring of vasculature,

Nuecellus . Tissue composing the chief part of the young ovule in which the
embryo sac develops,

Polyarch : Stele having many protoxylem steles,

Polyxylic : Having several rings of xylem férmed as a result of accessory rings of
cambia,

Rachis : The central peticle of a compound leaf.

Xeric : A plant that normally grows in dry habirats.
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BLOCK 2 FLOWERING PLANTS

Unit 6, entitled ‘Introduction to Angiosperms’ deals with the flowering plants which are
today the dominant plants on earth. These plants are distributed all over the earth and
meet much of the ecological and economic needs of mankind, The unit gives you a glance
at the general characters of angiosperms that include features such as presence of flowers,
evolution of vessels and sieve tubes, seeds enclosed in fruit and double fertilization. The
angiosperms are adapted to grow in diverse habitats such as deserts, mountains, wetlands
and mangroves. They possess effective methods of pollination and seed dispersal with the
help of wind, water, insects, birds and other animals. The angiosperms originated in the
cretaceous, probably from some now-extinct gymnosperms. They evolved rapidly
thereafter. The unit tells you about the major groups of angiosperms and their basic
characteristics.

Unit 7, entitled ‘Tissues’ deals with the fundamentals in plant anatomical studies. In this
unit, three basic categories of tissue types composing the body of the angiospermous
plants are discussed. These are - the meristems, mature tissues, and the epidermal tissue
system. Each of these categories is further subdivided into subcategories, for instance,
meristems is divided into apical, lateral and intercalary meristems and so on. Diagnostic
features of each of these tissue types, along with their commeon variant forms, and their
functions are dealt with in detail. While some of these tissues, €.g., parenchyma and its
variants, may be found throughout the plant body, but some tissites such as the ones
comprising the apical meristems, are located at restricted sites only. This aspect needs to
be marked, and clearly comprehended — as this is the underlying theme of this unit.

Unit 8§ deals with the morpholegical and anatomical details of root, stem and leaf. The
stem and leaf constitute the shoot and they both develop from shoot apex. The connection
and mutual dependence between these two organs exist throughout the life of the plant.
The root usually dévelops below the soil surface; some times roots grow in air too and
stemn below the ground but the basic difference in the development and arrangement of
primary tissue in root and shoot are always distinguisl}able.

Unit also deals with various specialized forms of root, stem and leaf which are due to
their various functions or environmental conditions. The anatomical details of root, stem
and leaf and also the difference between monocot and dicot stem are also given in the
unit.

Unit 9 deals with the formation of flower, fruits and seeds. Flower or inflorescence is a
modified shoot apex which shows considerable diversity in relation to the mechanism of
pollination. The reproductive apex is surrounded by meristematic cells which develop
mto various floral parts. This unit also deals with the genesis of floral parts (sepal, petal,
stamen and pistil} in detail. Fruits their classification, types, development and abscission
is discussed in light of morphogenesis. ’

Apomixis, parthenocarpy and pathenogenes can be exploited for human needs. Diversity
in seed forms, seed appendages are also given in detail.

Pollination constitutes a very intricate, highly specific, and dynamic phase of the sexual
reproduction in flowering plants. Different plant species have developed and perfected as
many pollination strategies over their evolutionary histories. Each of these ways of
pollination is not only important to the species involved, but it also constitutes a very
interesting and intriguing area for academic pursuit. In Unit-10, ‘Pollination Biology" we
have taken up for discussion, few such ways of pollination practiced by different groups
of plants, that are fairly well known to us, Our intention here is to make you aware of the
lots of *give and take' between the pollinator and the plant, as well as other interesting
biological facts relating to this very essential process in the reproductive cycle of the
flowering plants. ) -
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6.1 Introduction

STEETI G

In Block I you have studied about gymnosperms in detail. You will recall that the
gymnosperms have seeds borne naked on megasporophylls that are mostly arranged in
cones. This block and coming blocks are wholly devoted to angiosperms. In this Unit of
Block If you will be studying about angiosperms, which have flowers and in which seeds
are entlosed in a carpel or fruit. The angiospermae (angio = a box or case; sperma’=
semen or seed) are also known as Anthopsida (antho = a flower or a bright co]our) or
Magnoliopsida.

The angiosperms are the youngest of the major plant groups, having evelved or

diversified 141-65 million years ago. Yet, now they are the largest class of plants with
13,000 genera and 2,40,000 species (Takhtajan, 1980). Flowering plants dominate the

earth and are the most significant organisms in maintaining the life support system on
- earth. They also fulfill most of the economic needs of mankind.

. Y -
Angiosperms.vary in size from tiny duckweeds such as Lemna and Wolffia (2mm across)
that float on water to huge trees like banyan, Ficus benghalensis and eucalyptus (almost
130 m tall). They grow in warm tropics and temperate mountain tops, deserts and in
water. In fact, they occupy every nook and comer of earth except the arctic zone. They
are most easily recopnised by their flowers which consist of sepals, pelals, stamens and
carpels. Flowers which are pollinated by insects or birds are large, omamental and
sometime even fragrant. On the other hand, flowers pollinated by wind or water are small
with inconspicuous sepals and petals. Angiosperms can also be recognised by their net-
veined leaves and by their characteristic fruits which enclose the seeds. The fruit, which
- -may be dry or fleshy, is adapted to protection and effective dispersal of seeds at the
appropriate time.- '

As compared to gymnosperms, the flowering plants are endowed with more efficient
systems of conducting water and food. While in gymnosperms the xylem generally has
only tracheids for conduction of water, in angiosperms vessels are also present which
form perforated tubes capable of faster conduction. In gymnosperms ihe phloem has sieve
cells which are interconnected laterally by sieve areas ‘with narrow apertures. Phloem in
. angiosperms has, in contrast, sieve tubes having sieye elements arranged end-to-end,
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separated by sieve plates having wide pores through which food can get translocated
much faster. These factors have helped angiosperms in becoming the dominant plants on
earth.

The angiosperms are not only the most widespread, varied and spectacular group of
plants, but these are also economically and ecologically the most important. Most of the
food, fibres, drugs, medicines, essential oils, tannins and dyes, timber and firewood, and a
variety of other products used by man are derived from angiosperms. The flowering
plants clothe the earth and help in sustaining and building up the soil, water and air
resources. The rich diversity of animal life, parlicularly the insects, birds and mammals,
has co-evolved and is dependent on angiosperms for its survival. According to famous
plant taxonomist Arman Takhtajan “in the final reckoning the dominance of flowering,
plants made possible the appearance of man”. '

In this Unit we shall give you an overview of angiosperms. Later in Block 111 A, 11l B and
1V, you will study more about these plants.

Objectives
After studying this unit, you should be able to:

describe the general characters of angiosperms,

explain their distribution and diversity,

describe their anatomical and reproductive features,

distinguish their structural modifications,

enumerate the economic and ecological significance of angiosperms.

6.2 GENERAL CHARACTERS OF ANGIOSPERMS

The angiosperms are a farge and varied group, with its members occupying diverse
habitats and differing in details of their morphelolgy, internal structure, metabolism and
life cycle, However, they share certain characters in which they are different from other
plants. These peculiar features not enly define the group, but also explain its
extraordinary success.

The presence of vessels, with perforated water conducting elements arranged end to end
to form long (ubes, in xylem of angiosperms helps in efficient conduction of water. The
phloem, having sieve tubes consisting of intercannected sieve elements arranged in
straight rows, provides an efficient mechanism for conduction of food. More cfficient
xylem and phloem have helped angiosperms in attaining greater dimensions through
faster growth. Because of these features angiosperms were able to develop broad leaves
which can photosynthesis, more efficiently while keeping themselves cool through
evapolranspiration.

The flower is the most distinct characteristic of the angiosperms. The gymnosperms
usually have distinct male and female strobili or cones. The male strobilus has
microsporophylls, each with a variable number of microsporangia on its abaxial surface.
Megasporophylls, which may or may not be in cones, bear one to many naked avules. In
contrast, a flower has accessory whorl(s) of perianth (sepals and petals) surrcunding the
stamens, each with 2 or 4 microsporangia, and carpel(s) enclosing one to many gvules,

In gymnosperms pollination, transfer of pollen grains from microsporangia to
megasporophylls, occurs by wind. In angiosperms, on the other hand, transfer of pollen
grains from the stamens to the carpels is carried out by wind, water, insects, birds or bats.
In wind-pollinated flowers, like those of mulberry, the flowers are smal! with
inconspicuous perianth, However, in animal-pollinated flowers the perianth is ornamental
and often even fragrant. Flowers of rose, for example, are both beautiful and fragrant.
Flowers of mustard, salvia or of the orchids have distinct symmetry, texture and colour
which attract insects such as bees and butterflies. These flowers offer nectar as a reward
1o the animal poilinators. Differentiation of the carpel to form a stigma for receiving the
pollen grains, an extended style and an ovary which encloses the ovules help in protection
of the seeds from damage by pollinating organisms,
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In angiosperms the pollen tube brings two male gametes to the female gametophyte or
embryo sac. One gamete fuses with the egg to form the zygote, which give rise to the
embryo. The other gamete fuses with the polar or central éell nuclei of the embryo sac to
form the nutritive tissue endesperm. The process is known as double fertilization. Thus,
unlike in gymnosperms, endosperm is formed only if the embryo sac is successfully
fertilised to form the embryo. Double fertilisation has contributed to efficiency and
economy of the reproductive process in angiosperms.

Anginsperms

In angiosperms, the fruit, which encloses the seeds, has diverse mechanisms for effective
dispersal of the seeds. Fruits of balsam, /mpatiens balsamina and spurges, Euphorbia spp.
open violently and throw away the seeds some distance away. Some fruits or seeds are

. carried to distances by wind, water or animals. For example, fruit of coconut, Cacos
nucifera can travel in sea water hundreds of kilometers with the seed inside intact. Fruits

of mistletoe, ¥isctim album are carried by birds. Tiny seeds of orchids are blown by wind.
Many seeds have hairs, as in milkweed Calotrapis procera, or wings as in drumstick,
Moringa oleifera, with the help of which they fly some distance in the air. Seeds of litchi,
Litchi chinensis have a sweet white aril surrounding the hard, brown seed. The hard seed
of castor, Ricinus communis has a soft, collar-like food-ladden outgrowth called caruncle.
Such seed appendages help in dispersal by animals which consume the soft portion and
discard the hard seed. Dispersal of fruit or seed far away from the parent plant provides
better and less competitive conditions of germination of seed.

Takhtajan (1969) has pointed out great uniformity among angiosperms in at least seven
characteristics — (1) staminal struzcture, (2) carpels with style and stigma, (3) constancy
o&f relative position of gynoecium and androecium in the flower, (4) three-nucleate
pollen tubes, (5} characteristic female gametophyte with egg flanked by synergids and
lacking an archegonium, (6) the double fertilization process, and (7) presence of sieve
tubes, To Takhtajan's list may be added the following unique characteristics of
angionsperms: (8) development of the embryo within a closed carpel well protected from
the effects of drought, low humidity, and small herbivorous animals; (9) leaves having
three or more orders of branching of the veins; (10) pollen grains (microspores)
characterized by well-developed, usually reticulate, exine sculpturing and presence of
columnar structure; (11) well-developed phloem with sieve tubes; and (12) the

'~ replacement of tracheids in the xylem by vessels and fibers. These features are almost

completely limited to the angiosperms, and all are consistently observed throughout the
class.

SAQ1

Give any five differences between Angiosperms and Gymnosperms.

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

6.3 DISTRIBUTION AND DIVERSITY OF FLOWERING
PLANTS

The angiosperms are cosmopolitan in-distribution. They occur on beds of sea, rivers and
lakes, high mountains and even deserts. Extreme xerophytes such as Opuntia, cacti and
Euphorbia spp. are tolerant of dry conditions and can grow where rainfall is scanty,
Species of Sedunt and Crassula grow on exposed rocks. Among hydrophytes are plants
like Hydrilla verticillata and ribbon-weed Vallisneria spiralis which are submerged in
water, and horned waler chestnut, Trapa bispinosa and witer hyacinth, Eichhornia
crassipes which are free floating. Members of family Podostemaceae grow on rocky
substrata under.rapidly flowing water. Mangrove plants such as Rhizephora and
Avicennida grow in saline water of estuaries along the sea coast. Alarge number.of

Introduction (o - .
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angiosperms are epiphytic, i.e. they grow or tru_nf(ﬁ of other trees as supbort. Among these
are orchids such as Vanda,

In a forest one can see several strata of trees of different heights, a number of climbers

and epiphytes, and a rich diversity of shrubs and herbs on the forest floor. The streams

and wetlands have hydrophytes, while the banks and shaded areas have mesophytes such
as species of Polygonnum, Ranuncm'us and Oxalis. Thus, every comer of land or water is
occupted by angiosperms.

6.4 PLANT HABIT ' -

T E 17T

The angiosperms display a wide variety in their size, form and merphology. Many of
them are annual plants which complete their life cycle within a year. These include the
grasses, among which are important crops like wheat and rice, and horticultural species |
such as nasturtium, Tropaeofum majus and candytuft, fberis amara. Carrot (Raphanus :
sativus) is an example of a biennial plant which flowers and completes its life cycle in
two years. Shrubs such as milkweed, Calofropis procera and oleander, Nerium indica,
and all trees are perennial. These grow continuously and flower once or more every year.
Indian silk cotton-tree, Bombax ceiba and labumum, Cassia fistula flower once every
year. Mexican cotton, Charisia speciosa flowers twice a year. Perennials include plants -
such as ginger, Zingiber officinale and saffron, Crocus sativus which pcrennate through
underground thizomes or corms. - . _ N

Banana should be described as a perennial herb because its underground rhizome sends
out many pseudo-trunks (made up by folded leaf bases} each of which flowers and fruits
only once. The bamboos spread vegetatively through the rootstock and flower once in
several years. .

’,

6.4.1 Adaptation to Diverse Habitat

You would have noticed that many gymnosperms, spacially the conifers, occur on
mountain slopes and cool climates. In contrast, angiosperms are common in a wide range
of habitats, The plant body shows various adaptations to the habitat, but it has the same -}
basic features. Buried in the ground is the root system which descends vertically - "
downward because of the positively geotropic nature. The main root which is formed by
extension of the radicle of the embryo is termed primary ropt or tap root, while the |
branches are designated as secondary or tertiary roots. Root hairs on the fine branches are
mainly responsible for absorption of water. Most of the trees have a deep tap root>system,

- "but many piants in the dry region have a network of branches in the superficial 50il too.

While the main root absorbs water from the deep soil, the superficial roots rapidly absorb

* water when it is available following rainfall. Monocots such as the grasses lack a well-

developed primary root system. New roots arise near the base of the radicle and are
termed seminal roots, Later more roots arise from the base of the plumule or from the
lower nodes. These are termed fibrous roots. The adventitious roots, which arise from
places other than the radicle, are also active in absorption of water.

Xerophytic plants, which are adapted to grow in dry places such as deserts (e.g., cactus

. and Opuniia), generally have well-developed root system. However, hydrophytes or the
_ plants growing in water (e.g., Hydrilla) possess a poor root system or the roots are

altog'ether absent as the plant can absorb water all over the surface.

6.4.2 Adaptatlon in Leaves -

Angiosperms usually have prominent leaves 'I‘he size of the leaves varies from a few
millimeters (e.g., Euphorbia prostrata) or centimeters (as in sacred basil, Qcimum
sanctum) to a few metres (as observed in banana, Musa paradisica and oil palm, Elaeis
guireensiy). Leaves are so arranged on the branches that maximum light can be trapped

for photosynthesis. The leaves may be simple, with a single lamina (as in banyan, Ficts

bengha!ens:.s‘), but many angiosperms such as rose, neem and wattie have compoihd _
Ieaves In which the lamina is segmented into small leaflets. The arrangement of leaves is’
also variable in each species. It can be whorled (many leaves on each node), spiral (leafat
each node atan angle of 90° on successive nedes), opposite (two leaves at each node at

an angle of IBD") or alternate {one leaf at each node at an angle of 180° at successive
nodes). The leaves are sessile or with '@ petiole whose size varies in different species.
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In xerephytes the leaves are reduced to scales (as in Casuarina eguisetifolia) or sometlime
maodified to spines (as in Opuntia). The leaf surface often has a thick cuticle, luxuriant
growth of hairs and wax to cut down on loss of moisture. In the plants of dry habitat
stomata are confined to lower surface of leaves and are modified in various ways so that
minimal water is transpired while the gaseous exchange goes on. Many xerophytes have
ability to store walter in thin-walled tissues of the succulenl leaves (as in Kalanchoe spp.)
or slem (as in Opuntia).

The hydrophyles which are only partly submerged in water have narrow lobed or arrow-
shaped leaves (c.g., arrowhead, Sagitiaria). Those which are anchored on the lake or river
bed and remain submerged in water have small, narrow and ribbon-like leaves (e.g.,
Hyilrifta and Vallisneria). Many hydrophytes are anchored but their bread leaves float on
surface of water (e.g., Trapa bispinosa and water hyacinth, Eichhornia crassipes). Tiny
leaves of Lemna pancicosara can be seen forming a mat on water surfzce. The floating
leaves are broad to gain buoyancy. An imporiant characteristic of the hydrophytes is that
they have air cavities in their root, stem and leaves which make them light enough to float
and carry out gaseous exchange even inside water. Since light is cut off as it traverses
down water, submerged aquatic plants have their chloroplasts concentrated in supcrf'c:a]
cell layers for more echnenl photosynthesis.

floating
leaves

Fig 6.1: Arvowhead (Sagittaria) a primitive monocol class Liliopsida in the Subclass Alismatidre.

6-.4.3 Adaptation in Stems

In most angiosperms the stem is erect, growing with a short meristem which is mare
domplex than in gymnosperms. The tip gf the shoot apical meristem has the ability 1o
form an inflorescence or flower afier a certain period of vegetative growth and in
response {o cerlain environmental conditions. The axillary buds cut off from the meristem
form lateral branches which spread out for maximum exposure of leaves to sunfight. In a
forest many plants climb around shrubs and trees and expose their own leaves over the
cancpy of the host. Palay rubber, Crypfostegia grandiflora and Tinospora cordifolia are
good examples of such biomes. On the other hand, cucurbits such as bitter gourd and
pumpkin have weak stem which can trail or climb on support with the help of tendrils.

In the xerophytes which have reduced leaves, the stem is itself green and photosynthetic
as in Capparis and Casuarina. In Opuntia and many species of Euphorbia too much of
the photosynthesis is carried out by stem, which is succulent due to presence of water-
storage cells. Submerged hydrophytes too have narrow leaves and their green stems
supplement the photosynthesis carried out by the leaves.

There are several small, soft annual plants such as green gram, Cicer arietinum and
buttercup, Ranuncuius scleratus which are designated as herbs. Several others belong 10
the category of shrubs, which are medium sized, with a hard trunk but soft branches,
These include *curry-patta’. Murraya koenegii and Saivadora persica. Trees are tall, with
hard trunk and branches. Some species of Ercalyprus-exiend up to a 100 meter. The tree
of banyan, Freus benghalensis spread very wide, sending down aerial roots from the
lateral branches which provide additional support to the tree.

In a forest herbs, shrubs and trees of various height form foliage at various levels so that
several species can grow in an area and maximize photosynthetic productivity.

Intreduction o
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6.4.4 Modifications of Stem, Root 2and Leaf

Usually the stem is erect and its branches bear the leaves. The stem supports the aerial
system and transporls food and water through its phloem and xylem. However, in many
angiosperms the stem is variously modified for perennalion, propagation and storage of
food material. Whatever the modification, the slem is recognizable by its distinct nodes
and intemodcs, anatomy and presence of scale leaves and adventitious roots at the nodes.

Many creeping plants such as Oxalis cornicudata and Hydrocotyle usiatica have special i
branches called runners which carry the buds in all dircctions from the mother plant.
Thus, a single plant soon extends over a large area. In Mentha spp ordinary branches arch
down and enter the soil where daughter plants are formed. These are termed stolons.
When an underground runner, or an axillary bud arising from its node, turns upward and
forms a daughler plant it is called a sucker. Suckers are observed in Chrysanthemuin.

AT (o

In many angiosperms the stem is modificd for sterage ol food material. [n ginger,
Zingiber officinale and turmeric, Curcuma domestica the edible part is the fleshy, much-
branched stem which serves as an organ of percnnation. Adventitious branches from B
underground pan of the stem in potato, Sofanmm tuberoswm swell at their tips to form :
wbers that store food, mostly in the form of starch. In saffron, Crocus sativus and
gladiolus the perennation occurs with the help of corms, which are solid lower parts ol
the stem, each with a ldrge apical bud. The conn is covered with small scale leaves and s
from its lower end arise adventitious roots. Another modification of stem is observed in '
onion, Affium cepa and wberose, Polyanthes tuberosa. These plants have a bulb in which |
(he stem is reduced to a disc-like stricture with fleshy scale leaves growing from it. At S
the apex there is a bud from which a-flowering scape develops in the appropriate season. |
Daughter bulbs or cloves develop from the mother bulb which scrve as very effective
means of vegetalive propagation.

In many angiosperms the leaf shows modilications which arc primartly meant to reduce

the loss of maisture or for storage of water. In Opuntia and Berberis the leaves are .
modified into spines for protection and reduction in loss of water. [n many xerophytes
and halophytes, such as the species of Kalanchoe and Sedian, the Icaves are MNeshy
because of sterage of water. In climbing plants such as Lathyrus odoratus the leaf lamina
is modified 10 form tendril which helps the plant climb over support.
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Rools of angiosperms are often modified for diverse funclions. Banyan tree, Ficus
benghalensis has prop roots which hang down from horizontal branches of the stem and
eventually provide support to these branches like pillars. Maize, Zea maize, screwpine
Pandanus foetidus and many mangroves such as Rhizophora have stilt roots arising from

the lower nodes which grow obliquely downward into the soil and Mirmly anchor the stem.
Mangrove plants thal grow in waterlogged soil have respiratory roots or pneumalophores,
which grow vertically upward and carry out gaseous exchange. Roots in many plants

storc food material. Such storage roots are observed in raddish, carrot and beetroot. The
reserve food is usually wtilized by the plant during Mowering and fruiting. The details of
modification you will study in unit 8. -

SAQ 2
Match the words given in column B with names given in column A.
A B
a) Cuassia sp. (i) Perennate through underground rhizomes or corms
b)  Crocus sativis (il) Flowers twice a year

c) Chorisia speciosa  (i1i) Perennial
d)  Ruphanus sativus {iv) Biennial
¢)  Neriwm indiva (v} Flowers oncea year

SAQ3
List the modilications that take place in the leaves of hydrophytes.
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SAQ4
Fill in the blank with proper word/words

i}  Inamodificd stem we can recognize the stem by presence of ...l
and ... . :

W I spp- where crdinary branches arch down and enter the soil to form
the daughter plants are called................... :

iii) Chrysanthemum is a good example of ........... e

W) I e ......Tood is stored in formof .............l0s .
v) I e the leaf lamina is modified to form............... .
vi) Mangrove plants that grow in water logged soil have.............. [0}

6.5 VASCULAR TISSUES IN ANGIOSPERMS

A major faclor responsible for success of angiosperms on earth is considered to be their
more efficient mechanisms for transport of water and food. In gymnosperms, barring the
more advanced Gnelales and ‘Welwitschiales, water is mainly conducted by tracheids
which are perforate xylem elements connected to cach other laterally by pits. On the other
hands, angiosperms have vessels in which sevéral vessel members are arranged in vertical
rows connected with wide perforations. Because of the more cfficient conduction of water
by vessels, angiosperms grow faster and taller in diverse habitats.

The phloen, which conducts food from the leaves to other organs where it is utilized or
stored, is also mare evolved in angiosperms. Gymnosperms have sieve cells which are
connected to each other by laleral sieve areas having minute pores through which food
can e wransported only at a slow pace. Angiosperms, on the other hand, have sieve tubes
in which the sieve lube members are arranged end to end in long [liles separated by sieve
plates with wide pores. The sieve tubes have live companion cells which assist in more
efficient conduction of food material. This will be dealt in detail in unit 7 of this block.

The gymnosperm wood has tracheids which not only conducl water but also provide
sirength 1o the organ. In angiosperms the compesition of Xylem is more complex. The
tracheids have given rise to vessels for conduction of water, and to fibers for support and
strength. Fibers have thicker walls, narrow lumen and pits are reduced or absent. Because
of fibers, wood of angiospermous trees has a bard texiure and greater tensile strength.

SAQS
Dilferentiate between vascular tissues of Angiosperms and gymnosperms,

6.6 REPRODUCTION IN ANGIOSPERM

Angiosperms owe their dominance on earth 1o a considerable part to their mechanism of
reproduction. The delail of reproduction in angiosperm is given in Unit 9 - Flower, Fruit
and Sced. Unlike gymnosperms, whicl have cones, the angiosperms have flowers that
display far more diversity and adaptations. A flower has accessory outer whorls called
sepals and pelals. These enclose the fertile parts, the stamens and carpels. The number,
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arrangement, size and shape of sepals, petals, stamens and carpels are variable, The sepals
and petals may be small or inconspicuous as in the grasscs, amaranths and mulberry. In
Euphorbia spp. the male flower has only one stamen and the female flower has only one
pistil; the sepals and petals are absent. However majority of angiosperms have large and
conspicuous petals as in Perunia, rose and cotton. The Flowers are essentially modified in
relation to the mode of pollination.

Fig ¢.2: Types of inflarcscences.

The stamens bear anthers which produce the microspores or pollen grains. The pollen .
grains in angiosperms represent the much reduced male gametophyte, having a vegetative  +
cell and a generative cell. The latter divides to produce two sperms or male gametes.

In the primitive angiosperms, such as the members of Magnoliaceae and Ranunculaceae,
the stamens and carpels have a leaf-like appearance. However, in all other angiosperms

“the stamen is differentiated into filament and anther. A flower has one or many, but

usually 3-5, free or fused stamens. The carpels are also one to many, but usually up to

five and fused to form a single multicarpeliary pistil. The pistil is differentiated into an

ovary, style and stigma. The ovary encloses one or more ovules. The structure of the

ovule is similar to that of gymnosperms except that in angiosperms the integuments may

be one or two. Meiosis occurs in the megaspore mother cell in the nucellus of the ovule to
form a haploid embryo sac. The embryo sac represents the highly reduced female
gametophyte. It has an egg, two synergids, a central cell with two polar nuclei and three
antipodal cells. ‘

Flowers pollinated by abiotic agencies such as wind and water have inconspicucus sepals
and petals, but they produce a huge quantity of small and smooth-walled pollen grains.
The stigma is prominent, sometime feathery as in the grasses, in order to trap pollen
grains. Flowers pollinaled by day insects such as bees and butterflies have bright and
showy flowers, often with fragrance (as in rosc) or with bisymmetrical shapes similar to
insects (as in legumes and orchids). Flowers pollinated by nocturnal inscets like moths
have a strong scent as in the queen-of-the night, Cestrum nocturnum. Bird-pollinated
flowers, such as those of Indian silk cotton, Bombax ceiba and ‘dhak’, Butea
monosperma are large, cup-shaped and brightly coloured. Flowers pollinated by biotic
agencies such as birds and insects offer nectar as reward to their pollinators. Usually -
animal-pollinated flowers have a large number of ovules and seeds in each ovary (as in
tomato, purapkin and poppy) as the same crawling or flying individual can bring in a
large rumber of pollen grains, which are large, sticky and variously sculptured.

Pollen grains germinate on the stigma 1o form pollen tubes which grow through
the styles to reach the ovule(s) in the ovary. Receiving the pollen grains on the stigma
separated by the style not only protects the ovary, but it has enabled the angiosperms to
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develop a mechanism for recognition of the desired pollen, so that only pollen grains of
the same species can germinate on the stigma of a flower. A pollen tube enters the ovule
through the micropyle and finds its way into one of the two synergids that flank egg in the
embryo sac. The pollen tube discharges both the male gametes or sperms in the
penetrated synergid. From the synergid one gamete enters the egg and fertilizes its
nucleus to form the diploid zygote, while the other fuses with the central cell nuclei to
form the triploid primary endosperm nucleus. This process of double fertilization is
unique to angiosperms. The zygote divides mitotically in a particular pattern to form the
embryo, which forms the next generation of sporophyte. The primary endosperm nucleus
divides repeatedly to form endosperm which steres food for nutrition of the embryo in the
secd. In gymnosperms endosperm with stored food develops even when no embryo is
successfully formed in a seed. In angiosperms endosperm is formed only if the egg is
fertilized and an embryo is formed in the seed. Because of the resulting economy, many*
angiosperms produce seeds in far more profusion than gymnosperms.

Pollination of stigma activates the ovary to form a fruit, while double fertilization leads to
development of the ovules into seeds. The fruits and seeds in angiosperms are variously
adapted to fulfill the two major requirements of protection and effective dispersal of the
embryo. In many plants, such as almond, coconut and groundnut, the fruit wall is hard but
the seed coat is thin and soft. In the fleshy fruits like tomato, sapodilla and guava the fruit
is soft and pulpy but the seeds inside arc hard. The embryo is, therefore, well protected
and insulated against the vagaries of nature till such time when the seed can germinate
and embryo-can grow to form a new plant.

SAQ 6
Describe the features of wind pollinated flower.

SAQ 7

6.7 DISPERSAL OF FRUIT AND SEED

You will recall that in’gymnosperms the seed dispersal occurs by wind. In some
gymnosperms the seed has wings with the help of which the seed gets carried away 1o
some distances. In angiosperms the fruits and seeds have diverse mechanisms for
dispersal over large areas.

The capsule of poppy has a long stalk on which the fruit swings with the wind
discharging tiny seeds in all directions. [ balsam, /mpatiens spp. the five carpels of the
cylindrical capsule separate and curl inward with a jerk throwing the seed two metres
away. Many fruits and seeds are dispersed by wind. Orchids produce seeds in millions
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which are dispersed by wind. Many fruits (e.g., Acer spp) and seeds {drumstick, Moringa
oleifera) have wings. Sceds of Indian silk cotton, Bombax ceiba and of the milkweed
Calotropis procera have hairs with which the seeds are blown far away, Plants growing
in or near water bodies often utilize water as an agency for dispersal of seeds and fruits.
Coconut, Cocos nucifera is an excellent example of a fruit which has spread to coastal
areas of different continents because of its ability to float over hundreds of kilometers.
Many {ruits and seeds are carried by animals. Plums, grapes, figs and guava are examples
of fruits eaten by birds. The seeds ready for germination are expelled with the droppings
at places suitable for growth. Many composites such as Bidens spp and cocklebur,
Xanthium strumarinm have hooks or prickles with which the fruits stick to furred animals
and get distributed over a large area. The fleshy aril which cover the seeds litchi, Litchi
chinensis and the leguminous tree Pithecellobiwm dulce is consumed by birds which
discard the hard seed. The seeds of castor, Ricints communis have a collar-like caruncle
at one end. Ants consume the food-rich caruncle and in the process disperse the seed.

-Fig 63: Fruits and sceds showing various mechanism in dispersal by wind. a) Clenuris b) Dandelion

{Taraxacum vulgarg), c) Sced of Coulter’s big-cone pine (Pimis coulteri). d) Crancsbill
{Geranium), ¢) Foxtail (Herdeum hispida), I} Bur clover (Medicago denticulata), g) Fleshy edible
" fruit of Cotoncaster, h) Yetch (Vicia sativa), i) Californin poppy (Eschischolfzia californica).

The seeds of most of the flowering plants contain starch, lipids and/or proteins in their
endosperm (e.g. castor and wheat) or embryonal tissues (groundnut and mustard). The
stored food helps the young sporophyte in early growth following initiation of seed
germination. The food stored in grain of angiosperms is also the main source of nutrilion
for man and his livestock.
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6.8 PLANT DEFENCE

Flowering plants have evolved a variety of means 1o defend themselves against pests,
pathogens and herbivares. Many are armed with epidermal appendages called trichomes.
Non-glandular trichomes, such as those present in sorghum and soybear, pierce the
bodies of insects or merely entangle their limbs. Glandular trichomes release a variety of
essential oils, mucilage, gums and resins, organic acids, alkaloids and even toxic
substances which repel or kill the predators. Gram Cicer arietinum, tobacco Nicoriana
tabaceum and mint Mentha spicata are examples of plants having glandular trichomes.
Many angiosperms have tannins, resins and other bitter substances (g .g., acacjas and-
prosopis) because of which animals shirk them. Spurges Euphorbia spp, milkweed
Calotropis procera and poppy, Papaver somniferun: are examples of planis that contain a
mifky fluid called latex which is effective against herbivory. Incidentally, the secondary
compounds which many angiosperms contain as a safeguard against their own enemies
are the bases of numerous medicines, spices, narcotics, msectlmdcs and a variety of other
praducts used by man,

6.9 ORIGIN OF ANGIOSPERMS

Most of the evolutionary botanists consider angiosperms to be a monophyletic group,
Presence of flowers, sieve tubes with companion cells, vessels, 8-nucleate embryo sac,
and occurrence of double fertilization are characters exclusive to angiosperms. The
chances of these features arising independently in more than one group of ancestral plants
are insignificant (Takhtajan, 1969; Spome, 1974). The angiosperms are most likely to
have arisen from a primitive group of gymnosperms, which probably does not exist now.
Fossil record indicates that the earliest angiosperms probably originated in early
eretaceous {about 141-65 million years ago) and by the mid-cretaceous they had already
become dominant and diversified into the major groups represented now.

The most primitive surviving angiosperms are grouped in the Magnohales which are
trees having primitive type of vascular tissues (some lack vessels)and flowers with many
free, spirally-arranged sepals, petals, stamens and carpels. The stamens and carpels are
flat, feaf-like with minimal differentiation. .

6.10 CLASSIFICATION OF-ANGIOSPERMS.

The present day angiospenms are classified lnto two major groups-— the chotylcdonae
(Magnoliopsida) and Moenocotyledonae (Llllop51da) The dicotyledons-or ditots number
about 2,00,000 and the monocotyledons or mgnocots about 50,000 species. “Thesé two
groups differ in many respects. As the names suggest, dicots have embryos y wnh bvo
cotyledons (like the gymnosperms), and monocms have embr}'os avith.oniy orie’
cotyledon. In general appearance the dicots usually have'broad leaves with reticulate {net-
like) venalion, whereas monocots have narrow leaves. w1tll paralle! venation. The flowers
in dicots have (ive, or less often four, sepals and petals. it mongcots ti€re-are three (or in
multiples of three). In dicots the stem and root show secondary growth which involves a
cambium whose meristematic activity results in a solid cylinder of xylem surrounded by a
cylinder of phloem. Because of secondary growth the (runk of dicots undergoes increase
in girth with age and many of them grow into large trees. Monocols tack secendary.
growth. New vascular bundles are differentiated toward the periphery and le scatlered in
the ground parenchyma. The stem and roots in monocots remain relatively thin.

Takhtajan {1969) rcgards the Magnolidac to be the evolutionary base from which all
Magnoliopsida (dicots) and Liliopsida (monocets) have evolved. He classified (he
Magnoliopsida into seven subclasses, and Liliopsida into three subclasses. The
Hamamelidae is a relatively small subclass of temperate woody plants such as hazel
(Hamamelis spp), alder (dinus spp), oak (Quercus spp) and birch (Besula spp). The
members reverted to wind pollination and, therefore, most of them have flowers in catkin
which look superficially like cones, Another line which evelved from the Magnolidae is
the Ranunculidae, which retain the primitive floral characters but evolved a hcrbaccous
habit, as in buttercup Ranuncuius sceleratus. From Ranunculidae arose the
Caryophyllidae which have herbaceous habit but specialized floral characters as seen in
cacti, sugarbeet and amaranths. The Dilleniidae subclass has large herbaccous as well as
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woody families such as those of mustard, mulberry and dipterocafps. The group also
includes cotton, jute, cannabis and tea. The subclass Rosidae is the most diverse group
which includes the legumes, spurges (Euphrobia spp), eucalyplus, rose and the carrot.
The most advanced subclass of dicots is the Asteridae, which has families that include
{omate, mint and sunflower. These plants are herbaceous with specialized inflorescences,
{flowers and fruits.

AT
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Fig. 6.4: Ranunculidae — the primitive ¢lass represented by Ranunculus elismaefelins. a) Entire plant.
b) Sinple flower. ¢) Section of flower.

The Liliopsida {(monocots} diverged early from the Magnolidae (dicots}. The most
primitive Liliopsida are in the Alismatidae, which can be scarcely distinguished from the
dicots. They are herbaceous, aguatic plants with vessels enly in the roois (e.g., arrowhead,
Sagittaria spp). A more advanced subclass is the Arecidae, which includes the palms such
as coconut, oil palm and date paim. The subclass also has the smallest flowering plants,
the duckweeds (Lemna and Wolffia). The most advanced subclass of monocois is the
Lilidae which too is very diverse. One of its lines includes highly specialized orchids,
lilies and bremeliads which have colourful flowers pollinated by insects. The other line
has small, reduced and wind-pollinated {lowers as seen in grasses, bamboos and sedges,
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Fig 6.5: Magnolia grandiflera. a) Flower. b) Fruil. Novel structures of plant in the division are shown
fere: (ke Rower, the pistil (carpel) with enclosed ovules, and the [ruit.

6.11 AUTOTROPHIC AND HETEROTROPHIC PLANTS

Most angiosperms are autotrophic. They manufacture their own food through
photosynthesis, drawing only inorganic raw materials from the environment. There are
special adaptations even in autotrophs, specially those growing in specialized habitats
such as water, desert or mangrove swamps. Some xerophytes for example are succulent —
their fleshy stem (Opuntia) or leaf (Kalanchoe), have water storage tissue. The epiphytes
grow on other plants without drawing water or food from their host. The orchids, a
majority of which arc epiphytes, have clinging roots to fix them to the support and aerial
roots which help in absorbing moisture from the atmosphere. Sardalwood, Samafum
album is a root parasite. It drains only water from the host durin; early stages of
development. The heterotrophic plants derive their organic nutrients from other living or
dead organisms. When an organism grows on another organism and sucks the nutriment
from the living host, it is called parasite. If a parasite is green and makes a part of its
nutritional requirement through photosynthesis, drawing the remaining food and wate
from the host, it is called partial parasite or semiparasite (e.g., mistletoe Visum albumy).
Some parasites like dodder, Cuscuta reflexa have no chlorophyll. They absorb their
nutrition completely from the host stem with the help of special haustoria. Such parasites
are called total parasites. Orobanche spp. and Rafflesia arnoldi are examples of root
parasites which draw their food ard waler from roots of the host.

Flants which grow on dead bodies of other organisms or on their decaying products like
humus and dung are called saprophytes. Monotropa, which lacks chlorophyll, is a total
saprophyte because it draws its nutrition from decayed leaves on the forest floor. The
details of plant parasites are given in Unil 24. :

Many angiosperms have symbiotic relationship with other organisms. The roots of most
of the plants are inhabited with fungi which help in synthesis and absorption of inorganic
nutrients like phosphorus. Many orchids fail to grow unless infected by specific
mycorrhiza. Leguminous plans have root nodules inhabited by bacteria Riizobium,
which help in fixing atmospheric nitrogen into nitrates which can be absorbed by the
plant.

6.12 INSECTIVOROUS PLANTS

Some angiosperms have mechanisms to trap insects and digest their protein matter with
the help of enzymes. In sundew, Drosera spp, which are small plants growing in
grasslands, the upper surface of leaves is covered with glandular trichomes which trap
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and digest insects, Bladderwort or Utricifuria spp are free-floaling aquatic plants having
fincly dissected submerged Ieaves. Many leaf segments are medified into bladders or
utricles in which the small aguatic organisms are trapped and digesled. In Nepenthes
khasiane the lower part of the leal has a flal lamina but the upper part is modified to form
a pitcher with a lid. The edge of 1the pitcher is slippery and curved so that insccts slip
inward and are prevented from coming out by downwardly directed hairs. The drowned
insects‘are digested by the enzymes secreted by glandular {richomes lining the inner
surface of the pitcher. The details of these plants you will study in unit 24 of this course,

6.13 Ecological value of plant diversity

Flowering plants occupy each and every nook and corner of earth. In doing so they not
only enhance the primary productivity of the ecosystemms where they graw, but they also

" provide valuable ecological services. The plants help in formation and maintenance of
- ‘soil structure and retention ol nutrients and moisture in-the soil. Shorn of the protective

vegetation cover, the soil particles become loose and are easily eroded by water or blown
by wind. Natura! plant cover also helps to maintain kydrological cycles. It helps in
regulating and stabilizing water run off so that floods and drought are avoided. Loss of
vegetalion cover results in siltation of waterways, loss of water yield and quality and
degradation of aquatic habitats. Plant diversity also forms the basis of numerous food
chains. Incidentally, much of the food consumed by man also comes, directly or
indireetly, from plant sources.. .
Flowering plants also play an important role in breakdown and absorption of many
pollutants created by men. Vegetation is also essential for maintenance of the
oxygen/carbon dioxide balance in air.

6.14 Economic importance

The existence of human being {and most of the other organisms) is heavily dependent on
angiosperms. Five thousand plant species have been used by man, however only twenty
plani species are used as food. The angiosperms now feed much of the world's
population. Wheat, Triticum aestivum, rice, Oryza sativum and maize, Zea imays are three
carbohydrate crops that are staple for a vast majority of people. Millets such as sorghum,
Sorghum bicolor and pearl millet, Pennisetum americanum are staple food for the poor in
Asia and Africa.

Wood is important to man as fuel, for construction purposes and as raw material for
industrial products like paper. Tropical trees such as sal, Shorea robusta, teak, Tectona
grandis and sisoo, Dalbergia sisoo are important sources of timber. Several species of
bamboo are important raw material for fibre pulp for making paper. Fibre for making
clothes comes from cotton, Gossypiun spp, hemp, Crotalaria juncea and linen, Linum
usitatissimum. Fibre extracted from jute Corchorus spp has been traditionally used for
maKing gunny bags. Fibre from the mesocarp of coconul fruit gives the coir fibre which
finds maximum use in making matiresses.

Many plants store oil in their seed endosperm {e.g., coconut} or embryo (mustard,
soybean and groundnut). These are the sources of edible oil. Among plants with delicious
fruils are mango, Afangifera indica, litchi, Litchi chinensis, plum, Priunes spp, apple,
Malus sp. and guava, Psidium guajava. Many species of cucurbits such as botile gourd
and pumpkin and varictics of Brassica oferacea such as cabbage, cauliflower and knol
khol provide important vegetables for human food.

Through trial and error man learnt the use of hundreds of plants for care of common
diseases. For example, Rawwolfia serpentina has been used against snakebitc and =~ ~
Aconitum napeltus against fever, Almost all the medicines used in Ayurvedic system ot
medicine and a majority of medicines_ used in Allopathic and Homeopathic systems of
medicine have their source in plants.

Plants also provide man numerous other products such as essentiat oils, gum and resins,
narcotics, beverages and rubber. Blocks 111 A and I11.B are fully devoted to the Economic
botany of of Angiosperms which you will sludy later in the course.
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SAQS

Match the words given in columa B with names given column A
Column A Column B

a)  Cuscutareflexa - 1) succulent slem

by  Rafflesia arnoldi 2)  draws nutrition rom decaying leaves

€)  Opunfia sp. 3)  Rhizobium

d)y Alonotropa 4) drain only water

¢) Leguminous plants 3}  no chlorophyll

5 Santalum album 6) root parssites

6.15 Focus of research in India in Angiosperms

Since angiosperms meet much of the ecological and economic nceds of mankind, these
plants are subject of intense research all over the world. In India a large number of
research institutes and universitics are engaged in research on flowering planis. National
Botanical Rescarch Instiwtte at Lucknow has its focus on horticultural and energy
plants. Central [nstitute of Medicinal and Aromatic Plants, Lucknow, Central Drug
Research [nstitute, Lucknow, and Regional Research Laboratory at fammu and Jorhat
carry out intense research on miedicinal plants. Botanical Survey of India, with its
headquarters in Howrah, West Bengal and [tve regional siations, is responsible for
study. moniloring and conservation of wild plants of the country, National Bureou of
Plant Genelic Resources has its headquarter, in New Delhi and Regicnal Stations at
several places in India. The Bureau has the mandate o conserve wild forms, landraces
and relatives of agriculleral crops. A National Gene Bank has been set up in New Delhi.
G.13. Pant [nstitute of Himalayan Environment and Development, Kosi-Katarmal,
Almora in Utlranchal, Institute of Himalayan Bioresource Technology, Palampur,
Himachal Pradesh and Tropical Botanical Garden, Thiruvananthapuram are also
engaged in development and utilization of plant resources. In addition to these institules,
a large number of research laboratories of Indian Council of Agricultural Research are
engaged in rescarch on agzriculturai crops. Almost every university in India has a Botany
Department. These departments have their focus on cylogenetics, iaxenomy, ecology,
anatomy, embryology and physiology of flowering planis. Significant advancements
have been achieved in biochemistry and tissue culture. in recent years plant scientists in
India have focused their attention on genome analysis and moelecular characteristics and
on utilization of tissue culture technique for conscrvatien and improvement of plant
reseurces.

6.16 SUMMARY

s Aboul 250,000 specics of (lewering plant exist on earth today. Flowering plants
dominated world vegetation throughout the Cenozoic era despite major geographic,
climatic and vegetational changes.

e Angiosperms are seed plants. The ovule and the seed that develeps from the ovule are
enclosed within an ovary rather than borne naked as in gymnosperms. The ovary isa’
" part of carpel or pistil and carpel is the part of new complex structure called flower,
Synonymous names for angiosperms are Anthephyta and Magnoliophyla.

¢  The Magnoliophyta containg two classes Liliopsida (inenccots) and Magnoliopsida
(dicots). The presumed most primitive subclass in the Liliopsida is the Alismatidae,
which includes waler plantains. The presumed most primitive subclass in the
Magnoliopsida is the Magnoliidac. The most advanced subclasses are the Liliidac
among monecols and the Asieridae among dicots.

“e  Novel aspects of the angiosperm life cyele include: 1) reduction in size and complexily

ol gametophytic generation. ii) enclosure of ovule within ovary. iii) double
fenilization. iv} dispersal of seed and [ruit by wind, walter or animals. These
adaptations have ecological consequences and may explain why angiosperm
supplanted gyvmnosperms as the dominant terrestrial plant life-forms.

* Iy angiosperms, there are several types of rool, stem, leaves and inflorescences which
explains its adaptations to the varicty of climates and cosmopoelilan distribution.
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6.17 TERMINAL QUESTIONS

1. Write all the differences between Angiosperms and Gymnosperms which you have
read.

2. What is double fertilization?

3

. 4. Write short notes on the following:
i) Origin of Angiosperms



5.

6.18 ANSWER

Angiosperms

The abundance and prominence of
the xylem vessels

The formation of flower with sepals
petals, or both in addition to the

sporophylls are found in Angiosperm .

The seeds are enclosed in [ruits
Endosperm is formed only if the
Embryo sac is fertilized

Double fertilization is found in
angicsperms

a-v, b-i, ¢-ii, d-iv, e-iii

() In submerged hydrophytes leaves become small, narrow and ribbon like.

Gymnosperms

Most of the gymnosperms have only
tracheids '

The gymnosperms have distinct male
and female strobili or cones

The seeds are naked
Endosperm is formed without
fertilization

single fertilzation is found in
Gymnosperm
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Flowering Plants

(i) In plant which are anchored, their leaves float on the surface. The leaves are
broad to gain buoyancy.

.(iii) Leaves have air cavities which make them light to float easily and can carry

out gaseous exchange even inside water
(iv) In submerzed aquatic plants the chioroplasts are concentrated in superficial cell
layer for more cfficient photosynthesis

i)  nodes, internodes

iy Mentha, Stolons

i) suckers

iv) Solanum tuberosum, slarch

v} Lathyrus odoratus, tendril

vi} Respiratory rcot, pneumnatophore
Read section 5.5 and give any three points which are different in angiosperms and
gymnosperms.

The wind pollinated flowers have foilowing features:

i) The flowers are large in numbers and produce large amount of pollen grams
ii) The flowers do not-have showy petals.

iiiy The pollen grains are small, dry and smooth.

iv) The female flowers have large or feathery stigma to trap pollen from air.

Most of the angiosperms depend on birds, insects and bats for their po]lmallon To

attract these pollinators following features are found in flowers.

i)  The flowers are big and bright, they have nectar and odour to attract
pollinators.

ii) Pollen grains are big, moist and in clusters.

iii) Many flowers mimic butterflies or moths.

a-5, b-6,¢c-1,d-2, ¢-3, (-4

Terminal Questions

—_—

o

See answer of SAQ | and Unit 1 of Bleck 1 — Gymnosperms.

The fertilization of one male gamete with egg cell to form the diploid zygote, while
{he other fuses with the central cell nuclet to form the diploid primary endosperm
nucleus is known as double fertilization, which is unigue in Angiosperms.

See Section 6.7.

See Section 6.9, 6.10 and 6.14.

See Section 6.15 and go through the daily papers and write about present day status
of research in Angiosperms in India.
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UNIT 7 TISSUES

Structure .

7.1 Inroduction
Ohjeclives
7.2 Meristems
7.2.1 Apical Muerisiems
7.2.2 Laeral Meristens
7.2.3 Intercalary Merislems
7.3 Mature Tissues
7.3.1 Simple Tissues
7.3.2 Complex Tissues -
7.4  Epidermal Tissue System
7.5 Summary
7.6 Terminal Questions
7.7 Answers

7.1 INTRODUCTION

Our planet is inhabited by an amazing diversity of plants. and some 260000 species of
flowering planis form a major chunk of it. Remember! this figure refers to only the
species known to us, and one does not have any idea yet. of the species occurring on this
planet that are still unknown to us. Further, the above figure would swell many-fold if we
consider the varieties and local variants of each species. Have you ever thought - what
causes this diversily? In other words, whai makes one species different from the other. for
each plant has the same overall basic plan - the root and the shoot system. The answer iies
in the diversity of the tissues composing the plant body.

Inthis unit you would study about the basic tissues that constitute a plant body. A range
ol structural variations in each tissue is taken up for discussion to give you an idea as to
how the cell 1ypes of a tissue assume various forms in different plants, Keep a nole of
these variations in your mind to enjoy the amazing creations of nature. Before you begin
to study the tissues, it is important 10 understand and form a clear picture of the basic
lerms related to this topic. Since this unit is about tissues, you should first know what is
meant by this term? Tissue refers to a group of cells performing common function(s).
Any plant organ may be composed of a number of diflerent tissues, ezch of which is
classified according to its position, structure, origin and function, Tissues composed
entirely of one cell type are said to be simple or homogenous, whereas those made up of
two or more cell types are known as compound or heterogencous, Tissues can alsa be
classified as meristematic if they undergo active division, or permancnt/mature il
which growih and dlrﬁ.renllauon have been completed. :

Objcctives

Afler studying this unit you should be able 1o

identify the meristematic tissues occurring in the dilferent regions of the plant;
mention the diagnostic features of simple mature tissues:

distinguish between the meristematic and mature tissues:

enumerate the structural peculiarities of the complex tissues;

differentiate between the simple and complex tissues; and

enumerate the identifying features of the tissues composing the epidermal tissue system.

7.2 MERISTEMS

When a seed germinates, all the cells of the embryo undergo divisions repeatedly up to a
cerlgin stage, hereafter further cell divisions become restricted to some definite sites of the
plant which are referred to as the merstematic zones. Depending on the focation in the
plant body, three kinds of meristems have been identified: apieal, Jateral and intercalary
(Fig. 7.1},
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"Flowering Plants . . ' L.
- What are meristems? These are the tissues whose cells are capable of repeated divisions. The

newly produced cells by the meristems are small, hexagonal, box-like structures. each with a
proportionateiy large nucleus in the centre and tiny vacuoles ar no vacuole a1 all. As these
cells mature they assume different shapes and sizes, related to the cell's ultimate function.

_Apical meristem v

-~ Intercalary

meristematic regions

_.— Lateral meristem

Fig. 7.1: Schematic oufiiite diagram of a portion of stem cut longitadinally to show the position al the
Meristems have been classified as merisiems. The areas marked dense are younpest. whereas the clenr areas represent mgiyre or
primary or secondary based on their slowly growing reginns of the plant {from Enmes & MacDanicls, 1987).
arigin. Primacy merisiems are those
whose cells develop directly from the

embryanic cells and so canstilute a 7.2.1 Aplcal Meristems
direct continvation of embrve. The .

secondary meristems are the ones that You have already Slllldled in Umt-‘_}" of LSE-06 course that the apical or the primary meristents
develop fram mature tissucs which are located at (he apices of the main and the lateral shoots and the roots (also see Fig. 7.2).
have already underpone diflerentiation. These preduce cetls which result in the longitudinal, or the primary growth of the plant.

o
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Apical merisicm

Ground meristem

Procambium
Vascular cambium -

Rool cap

Cork cambipm
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{1) Shoot Apex

You may recall that growth in many lower plants occurs due to the activity of the apical cell
whereas in angiosperms the growth of the shoot system occurs by a well organized apical
meristem. These meristems contain several zones the details of which you would study in
Unit-8. The shoot meristem remains an important component both in the vegetative and the
reproductive phases of the plant. However, in both these phases, the respective meristems
are characterised by certain peculiar features. These are discussed below.

The Vegetative and Floral Shoot Apex: Among angiosperms, the size and shape of the
shoot apical meristem is highly variable. It ranges from 80 pm to 1500 um in diameter.
This range can be seen even within a single family, ¢.g., Cactaceae. Further, in a large
number of plants the size of the meristem also varies with the developmental stage . A
difference of up to three thousand times has been recorded between the apex of a seedling
and mature plants of Homalocephala and Echinocactus! Talking about the variation in
shape, it varies from hemispherical to elongate, or it may be like a parabola, or flat, and
even concave. You may recall the structure of shoot apex you have studied in Unit-7 of
the LSE-06 course. Do you remember that a number of leaf initials are present near the
shoot apex and the youngest initial is nearest to the apex. The time between the initiation
of one leaf and the initiation of the next is called a plastochron. And the height of the
shoot apex refers to the vertical distance from the apex down up (o the axil of the
youngest leaf primordium. So, as the apex cuts a number of leaf initials, the reference
point for measuring the apical height and diameter also changes. The shoot apices in
different species lake varying time for cutting the next primordium. The shape of the
meristem also changes, as it goes through the cycle of leaf production. As an initial is cut,
the apex becomes short and narrow. In other words, the shoot apex goes through a
‘minimal’ and ‘maximal’ phase during each plastochron {Fig. 7.3).

Foliar buttress

Minimum phase. Maximum phase Minimum phase

Fig. 7.3: An culline sketch of an apical meristem at the minimum and maximum phases during the
plastochron (Redrawn fram Mauscth, 1988). '

Due to the activity of the shoot apex, the plarit accomplishes iis vegetative growtn. The
shoot apex may be active throughout the year or during certain parts of the year only. The
plant after accomplishing certain degree of vegetative growth, enters the reproductive phase
and starts bearing flowers or inflorescences. The apex at this stage is known as the
reproductive apex or the floral apex. The floral apex remains the prime site of activity while
generating the floral organs. How does the floral apex differ from the vegetative apex - you
may ask. Several physiological and cytohistological studigs on plants belonging to different
species, during the transformation of vegetative apex [o floral apex, have brought out
marked differences in the two stages. The details, however, differ from species to species
but, by and large, it has been found that the reproductive apex produces its primordia much
more rapidly than leaf primordia produced by the vegetative apex. In addition, there is a
rise in the mitotic index, a related incraase in DNA synthesis, an increase in nucleolar
diameter, presumably as new ribosomes are prepared that will be necessary for the
increased rate of protein synthesis in such cells that are metabolically active. Another
feature heralding the reproductive stage is the sudden increase in the elongation of the
internodes also known as bolting. This change is patticularly striking in plants that have no
elongated axis during the vegetative stage, as many grasses and the rosette types of
plants. .

One important point that you should remember is that, »of alf the floral apices are
trensformed out of the vegelative apices but some are initiated as floral apices only. This
may become clear Lo you from the example of sunflower and other similar plants that
produce flowers in their leaf axils. The floral apex, just like he vegetative shoat apex,

also exhibits plastochronic size fluctuations during successive stageyof development of
bracts, perianth (sepals and petals), stamens and carpels. The appeafance of floral apex

. also signifies the end of growth at'the given apical meristem because of the determinate

-
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nature of flower. As in annual plants it clearly marks the end of growth and the approach
of death of the entire plant. But in several perennial plants, the floral meristem
occasionally resumes vegelative growth again afler the floral parts are formed,

(2) Root Apex

You are already familiar with the concepts related to the root apex structure from your
study of the course LSE-06. Can you now bring out the gross similarities as well as the
differences between the shoot and the root apex? Let us begin first with the similarities
between the two! Both are large, multicellular structures with distinct zonation. You may
recall their structures from Sections 7.2 and 7.3 of Unit-7, LSE-06.

In contrast to the apical meristem of the shoot, the root apical meristem becomes
subterminal in position because of the presence of root cap. This is in the sense that it is
located beneath the root cap. Another difference is that there is absence of lateral
appendages comparable to the leaves or the branches. You may recall that the root
branches arise endogenously beyond the region of most active growth. Unlike the shoot
apex that shows periodic changes in its shape and structure while initiating leaves, the
root apex lacks such changes. Since roots lack nodes and intemnodes, the raoot apex grows
more uniformly in length than the shoot. :

7.2.2 Lateral Meristems

Lateral meristems are located along the periphery of an organ. They are composed of initials
that divide largely in one plane, i.e., periclinally (Fig. 7.4). This results in an increase in the
diameter of an organ. As a result of their activity, cells get added to the existing tissues. The
two main lateral meristems are the vascular cambium and the cork cambium.

Anticlinal wall

Periclinal wall

Fig. 7.4z a) Dingrammatic representation of periclinal division in 2 cell, shown here by the periclinal wall.
The periclinal walls are parallel to the surface and these contribute in increasing # tissue's
thickness. Ttis pertinent kere to know about anliclinal division toe, represented in b). Observe
that the anticlinal wall is perpendicular to the suiface of the tissue or the organ.

(1) Vascular Cambium

This lateral meristem forms the secondary vascular tissues, and-is found both in stems as
well as in roots, It develops either as longitudinal strands or as hollow cylinders. In
cettain plants including the monocotyledons, all the cells of the procambium undergo
differentiation to form primary vascular tissues. But in most of the dicotyledons, a portion
of procambium remains meristematic even after the primary growth is complete. These
meristematic cells develop as the cambium of the secondary body. Such a cambium lies
between the phloem and the xylem, and is known as the fascicular cambium (Fig, 7.5),
owing to its proximity to the vascular tissues. The strips of the fascicular cambium
usually become joined by interfascicular cambium strips and appear as a ring in
transectional view, or as a hollow cylinder in a three-dimenisional view, s it now clear to
you that the interfascicular cambium is not a continuation of the procambium but it
develops from parenchyma? Hence, these cambial strips that arise later are referred to as
secondary meristems. :

Coming back to the hollow cylinder of cambium that is formed throughout the length of
the main plant axis. In most dicotyledons the cambial cylinder develops between the
primary xylem and phloem and this position is retained by the plant throughout its life.
The cells of vascular cambium undergo periclinal divisions and cut off xylem mother
cells on its inner side and phloem mother cells on the outer side (Fig. 7.6 a-g) that
eventually differentiate into their respective secondary elements.
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Fascicular cambium
Epidermis
Cambial ring

Vascuiar cylinder

A Procambium

RN Vascular bundles
X :

Fig. 7.5: A three dimensional view of a dicot stem depictiog cambial ring in the portion cut in the
transverse plane, and the longitedinally cut portion shows only a partial view of the hollow
vascular cambivm cylinder (After Hartman et al., 1988).

The cells of vascular cambium are classified as laleral meristem and they too are
meristematic yet different from the apical meristems. Let us see how? The thin-walled
cells of vascular cambium are highly vacuolate unlike most other meristematic cells.
These cells show an abundance of organelles like, such as ribesomes, dictyosomes and
smooth endoplasmic reticulum (ER). These cells, during their resting phase, also contain

Phloem F‘ 7'
mother cell /
Vascular | _

cambium cel]

Xylem
mother cell

o] Xylem
© mother cell

Phloem
mother cells

Vascular
cambium cells

(e) ®

Flg. 7.6: Diagrammatic representation of formation of derlvatives ol vascular cambial cell, a) A cambial
cell, note it s 2 diamond-shaped cell. The face cotting xylem mother cell in b faces the interlor of
the plant. Figures b-g) deplcl formation of xylem and phloem maother cells due to the a:livity of
the camblum. (Redrawn from Mauseth, 1958),

‘27

=TEIMR

T ToT

Fiie o SEOPIPL R 1Y



Flowering Plants

28

lipids and protein bodies. On resumption of activity the vascular cambium cells exhibit
dissolution of lipids and proteins that results in the formation of vacuoles. This accounts
for their highly vacuolate nature. Their one unique feature is the ‘beaded’ cell walls

(Fig. 7.7). This is due to the presence of pit fields with plasmodesmata on their cell walls.
They have another distinguishing feature, that is, their radial walls especially of the Xylem
and phloem mother cells are thicker than the tangential ones. This is due to the periclinal

" divisions in the cambial cells, during which the thickening of the radial wall is

continnous.

Fusiform mmal —

S ETeTIIT—1

<

(a)

AA

Fig. L.T: Robinia pseudoacacia. a) Tangential longitudinal section through camblal region. Note the
beaded walils of the fusiform Initial. b) A @lagrammatic representation of a fusiform inftial
showing highly vacuolate protoplast and numerous primary pit Gelds doe to which the céll walls
appear beaded [Redrawn [rom: a) Cutter, [978; b) Fahn, 1977]. ’

The vascular cambium is composed of two types of cells - the eJongate fusiform initials
and the more isodiametric ray initials (Fig. 7.8). While the fusiform initials produce the
axially elongated or oriented elements of the wood and the inner bark (tracheary -
elements, fibres, xylem and phloem parenchyma) the ray initials produce radially-
oriented rays known as the vascular rays.
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Fig. 7.8: A tangenfial sectlon through the vascular cambial zone showing the fusiform and ray inltlals
{Redrawn from Mauseih, 1988). .

“Fusiform initials are long cells, that range in length from 140- 462-um in dicots,
from 700-4500 um in  Pinus and even up to 8700 pm in Sequoia sempervirens.
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There is variation in this length even within different species of a genus, e.g., in
Dalbergia melanoxylon it is 154 ym and it is 203 pm in D. sissoo. The length also varies
according.to the factors like environmental conditions, age, nutrition conditions, and
general vigour of the plant. [n cross section they appear rectangular or slightly flatrened,
whereas in langential section their tapering ends are clearly visible. The lengtli of '
fusiform initials has been of much interest, because it affects the length of the derivatives
especially the secondary xylem that constitutes the wood.

The vascular cambia are of two types based on the arrangement of the fusiform initials.
In the storied or stratified cambium (Fig. 7.9), the fusiform initials are aligned with
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Flg. 7.9: Dingrammatic representation of the storicd type of cambium in Robinia {a); nnd non-storicd
cambium in Fraxinus (b} (Redrawn (rom Fahn, 1377).
each other laterally and form stories or tiers. The Iénglh of these initials varies from
140 um to 520 pm. It is quite a rare feature in plants and occurs in some advanced dicots,
e.g., Aeschynomene, Hoheria, Robinia and Tamarix. The more primitive and the more
common type of vascular cambium is non-storied or non-stratified cambium (Fig. 7.9).
The length of initials of this type of cambium varies between 320-2300 pm in many
dicots. In many vassel-less dicots, the fusiform initials may reach a maximum length of
6200 pm. One example of this is Fraxinus.
The storied and non-storied cambia also exhibit different behaviour while in division. In
storied forms, the multiplicative divisions are by true anticlinal, longitudinal divisions in If'
which the cell plate is formed from tip to tip. The two daughter cells thus formed are of :
equal length, and also the cells are aligned with the position of their mother cell wall and I
their neighbouring cells (Fig. 7.10a). In non-storied cambia, the multiplicative divisions !
are of the pseudotransverse type (Fig. 7.10b). That is, the diyision appears to be !
longitudinal to begin with, but the phragmoplast and the ends of the cell plate do not H
reach the far ends of the cell. instead the cell plate turns towards the side walls and fuses @ L/
with them. The new wall is thus shorter than the original side walls. The resultant
daughter cells loo are shorter than their mother cell and also their ends do not lie at the
same level.
®

The activity of vascular cambium leads to secondary growth in the plant body. Annual or
biennial plants commonly have a regular sequence of vegetative stage, reproductive stage,

Fig. 7.10: Diagrammatic

ST R T

somatic death and seed dispersal. Between the vegetative and the reproductive stage,
usually, the plant body undergoes secondary growth, and in this phase the vascular
cambium becomes active. The perennial plants underge a number of secondary growth
cycles. That is to say, the vascular cambium becorhes active for specific periods and then
reverts to a dormant stage. Dormancy is linked to-stress conditions like heat, cold or lack
of water. The cambia of all the plants do not undergo dormancy. There are plants whose

- . cambium remains active through their entjre life span and continues to add xylem and
phloem elements of almost same size. This type of a cambial activity is usually found in
plants growing in tropical regions. Such/trees therefore do not show formation of growth
or annual rings. Growth rings are formed mainly in temperate planfs in response to
seasonal fluctuations that govern the cambial activity, In such plants, vascular elements of
larger.dimensions are produced during the favourable season, and elements of narrower
dimensions in the less favourable one.

representation of dlvision in
fusiform Inflials. a) A
fusiform initial wlith radial
multiplicative division. The
two daugther cells arc equal
in length to each other as
well as to the mother cell. b)
Pseudotransverse division
In & fusiform initial. Note
the new cell wall docs not
extend to the cither end and
the neither daughter cell is
cqual to (he mother cell
{from Mauscth, E988).
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Cammercial cork is made up from the
bark of trees, panicularly Quercus
suber. Phellogen growth of about 10
years is just sulficient (o yield
commercial grade cork, The features
that govern the commercial valug in
cork are ils imperviousness o gases
and liquids, its sirength, elasticily and

lightness.
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[ljfig. 7.12: Schemalic dingrﬁm
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showing regions ol
occurrence of intercalary
meristem. The regions
where the Intercalary
meristemn and young tssue
gccur gre represented by
black arcas, slightly older
areas are represented by
shadcd nreas and regions
containing mature cells are
Teft white (Redrawn fram
Prat, 1935).

Secondary growth is an important function of vascular cambium, but is not the only one.
It has another function, just as important - to survive! As the apical meristems of roots
and shools must remain intact and function normatly, the vascular cambium too must live
and operate successfully for the entire life time of the plant - up to 11,000 years in some
instances and not just for one or two seasons. Still another important point is that unlike
apical meristem, vascular cambium is irreplaceable. If apical meristems are damaged the
axillary buds take over the meristematic fanction.

{2} Cork Cambium

The cork cambium, like the'vascular cambium, forms a thin cylinder that runs the length
of roots and stems of woody plants and is located to the exterior of the vascular cambium.
In a transverse section, the vascular cambium appears as a tube of smaller diameter lying -
within the tube of the cork cambium. The product of cork cambium is bark or the 3
periderm. Like the vascular cambijum, the bark is laid down after the primary tissues
have matured and thus it is secondary in origin.

The periderm is actually a mixture of tissues. It is formed by the cork cambium or the
phellogen. The cells of phellogen are meristematic, but unlike the vascular cambium, all
the cells are of one type. The cells of phellogen divide periclinally to give rise to radial
files of cells. The cells cut toward the outside of the pheltogen differentiate as cork or
phellem, and those toward the inside form phellederm or secondary cortex (Fig. 7.11).
The phellogen is a secondary meristematic tissue. It originates from cells of epidermis or
hypodermis, i.e., from the cells that have undergone differentiation. The cork cells are
dead at maturity and have suberized cell wall, that make them water proof and tough. On
the other hand, the cells of the phelloderm are living. Certain regions of the periderm are
differentiated as lenticels. Some parts of the phellogen, usually below stomata function
rather differently, and produce lenticels (also see Unit-8). These consist of mass of
loosely arranged cells - the complementary tissue which facilitate gaseous exchange with
the external environment. Surely you might have seen lenticels in a large number of
instances. These are present on potato tubers; fruits such as apples, pears; stems of Vitis;
and on roots such as Daucus.

—_Epidermis o
Phellemn
: Phc]logen el
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Fig. 7.10: A part of the cross seetion of 2 branch of Poprilus defroldes (a), and Sefanum dulcamara (b},
shawing the periderm and its components. Also figure {a) shows development of phellogen from
the outermosi layer of the cortex, whereas figure (b) shows a phellogen differantiated from the
epidermis (Afier Eames & MacDanicls, [987).

7.2.3 Intercalary Meristems

Grasses and related plants have neither a vascular cambium nor a cork cambium, but they
do have apical meristems, and the other meristematic tissue called intercalary meristem. It
is situated in the vicinity of nodes and occurs at intervals along the stem (Fig. 7.12), that
is, many such meristems are separated by zones of fully matured cells. The intercalary
meristems, in due course of time, too undergo differentiation into mature t{ssues. They
are, therefore, not present throughout the entire life of the plant. Intercalary meristems,
tlike the apical meristems, add to the length of stems. In addition to the stems of grasses
and many monocots, some species of Caryophyllaceae and Polygonaceae possess
intercalary meristems. Peduncles of inflorescences of certain plants, leaves of Poaceae,
and the gynophore of Arachis hypogaea elongate as a result of the activity of the
intercalary meristem,

5AQ 1 |
State whether the following statements are true or false.

(i} Increase in diameter of an organ is by periclinal division of apical meristern.
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(i) The gynophore of Arachis elongalcs as a result of activity of the intercalary
meristem.

(iii) The hollow cylinder of cambium in the old stem of plants is formed by fascicular
cambium only.

{(iv) The cork cambium is primary in origin.

(v) Intercalary meristems are present between the mature tissues.

SAQ 2
Fill in the blank spaces with appropriate words.

- ] - - - L) - Ll
(i)  The time between the cutting off of one leaf and the initiation of the next is known
=
(ii) The vaseular cambium is made up of ..........cooooeeevvinne and ..................

(iii) Increase in girth of stems takes place by the activityof ...

(iv) The vascular cambium is both ............................._. and .................. e
in origin,
v) The phellogen givesriseto ....................oo .. on outside and
P S

............................... on inner side.

7.3 MATURE TISSUES

Mature tissues are composed of cells that after being produced by the meristems assume
various shapes and sizes related to their functions as they develop and mature, It is’
important to know that cells forming the tissue are continuous and furnish some portion
of the structural or functional basis of the plant. Included in various plant tissues are
collection of cells specialized for growth, storage of food, protection from dehydration,
support, conduction of water, synihesis of food, and absorption of water and mineral
elements. Tissues composed entirely of one cell type are said to be simple and are
homogeneous; whereas those made up of two or more cell 1ypes are heterogeneous or
complex tissues. We have first 1aken up the simiple type of mature tissues for discussion
followed by complex tissues. ’

7.3.1 Simple Tissues

There are very few simple tissues in plants. The common ones are parcnchyma,
collenchyma and sclerenchyma. These three terms denoting different kinds of tissues are
also applied to individual cells, for example, a cell of the tissue sclerenchyma is also
called a sclerenchyma cell. Another point you should note is, the adjectives such as
‘parenchymatous’, or ‘collenchymatous’ refer to the cells that possess some characters of
the tissue in question, which in this case refers to the cells of parenchyma and
cotlenchyma respectively. Now we shall resume our discussion on the above mentioned
basic three kinds of simple tissues.

() Parenchyma

Parenchyma cells are the most abundant of the cell types foind in almost all major parts
of higher plants. They may be primary or secondary in origin, that is, they may originate
from the apical meristems of stems and roots: from the intercalary meristems of leaves:
from the vascular cambium or even the phellogen in mature organs that have undergone
secondary growlh. The parenchyma cells are the least altered during the process of
differentiation which is limited to vacuolation and the adflition of a certain amount of
primary walt material to their rather thin and plastic walls. Several features of
parenchyma are listed below.’

®  They are living cells (Fig. 7.13) even at maturity. -

®  The parenchyma tissue occur in all the arcas of plant such as the pith; cortex of stems
and roots; epidermis and vascular tissue of roots, stems and leaves; mesophyll of
leaves; floral parts; endosperm of seeds; and flesh of fruils. The epidemmis is also
composed of modified parenchyma, details of which you would study later in this
unit.

Tissues
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Fig 7.15: Diagrammatic depictien
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of a few parenchyma
cells from (he pith of
Aianthits in n {hree
dimeasional view. Cells
with 10 faces (a); 14
faces {b); and 17 faces
(c). {Redrawn from
Hulbary, 1944).

Cell wall Middle lamella

Nucleus
Vacuole

Cell wall

Cytoplasm

(@) air space..

Fig. 7.13: Diagrammatic representation of parenchyma cells in longitudlnal sectien (a), 2nd transverse
section (b). Naie the cclls have protoplasm and prominent tiuclei in them.

®  Usually they are not much elongated. The newly formed cglls are more or less
spherical, and subsequently they assume various sizes and shapes (Fig. 7.14), They
commonly acquire a polygonal shape (Fig. 7.15) due to the pressing of ceils against
each other, whereby their pliable walls get flattened at the points of contact. Majority
of them are fourteen-sided.

Fig. 7.14: Diversity in parenchyma cell shape as scen in transverse sections. Cells from: {a) cortex of root
of Asclepias incarnata, 2 few cells are filled with starch grains; (b) the pith of Zea; {c) thick-
walled, lignificd cells from the pith of s twig of Castanea dentata; (d) thick-walled cells from the
pith of Clematis virginiana. (Redrawn from Eames & MacDanicls 1987)

®  They have a thin and cellulosic.primary cell wall and lack a secondary wall
(Fig. 7.13).

¢ - Their ceils are vacuolate and contain living protoplasts (Fig. 7.13). Some cells
contain small and simple pits (Fig. 7.16). C

® The presence of air spaces is a common feature of parenchyma cells (Figs 7.13 and
7.14).

® The parenchyma cells can be reprogrammed to differentiate into different cell types.

® The parenchyma cells may live for a long time; in some cacti, for example, they may
live over 100 years,

¢  Parenchyma cells exhibit tremendous functional diversity. On the one hand, they
may be generalists, that is, simple cells with no specialisation. On the other, some of
them are highly specialized. Based on the functional diversity, parenchyma are
grouped into five classes; synthetic parenchyma, structural parenchyma, .
boundary parenchyma, transport parenchyma, and storage parenchyma. A few
examples of each of the categories are given below.

T



(i) Synthetic parenchyma - This includes all those parenchyma that etther synthesize
new cells or some products. Photosynthetic parenchyma or chiorenchyma (Fig. 7.17,
sce palisade tissue), meristematic cells, and secretory parechivina largely conslitute
ihis category. The main function of chlorenchyma is to store the light energy as
chemical energy in organic compounds. To do this the light must be intercepted and
carbon dioxide must be absorbed into the cell. To enable the cells to perform the
above tasks optimally these cells have large surface arcas and are cylindrical; larze
air spaces around them provide maximum amount of surface for the absorplien of
carbon dioxide; and a large central vacuole pressing chloroplasts into a unilorm fayer
next to the wall not only prevents self shading within the cell but also places
chloroplasts exactly at the site of carbon dioxide absorption. The large surface area of
chlorenchyma allows water to evaporate out of the cells into the intercellular spaces
and be lost through stomata. In desert plants, where water conservation is required,
the chlorenchyma cells are closely packed, thereby reducing the area for water loss,
This can be seen in Crassulaceae and Mesembryanihemaceae.

Guard cells

Fip. 7.17: Syringa sp. vertical section of a portion of the [eal. Note the features of the photosynthetic
palisade tissue. {Redrawn from Culter, 1978).

Meristematic parenchyma, these cells are characterised by being small-sized with a small
number of organelles. They are able to absorb sugars, water and inorganic nutrients and
use them to synthesize whole cells.

Secretory parenchyma, these cells secrete a variety of substances either on the exterior of
plant, e.g., cutin; or restricted to certain cavities aid ducts inside the plant, €.g., laiex and
resin,

(i) Structural Parenchyma - As their name suggests they exhibit a form of structural
specialization. Its common form is aerenchyma (Fig. 7.18). In such a tissue, the
intercellular spaces are the main features of interest. These spaces arise either by splitting
apart of the middle lamella region between the cells or by the breakdown of cells. In
aquatic plants, the intercellular spaces are very well developed that together forn
connected system throughout the plant body. Tn this way a continuous gas phase that
ramifies throughout the tissue is formed. This enables the submerged stems, petioles, and
roots of lhe aquatic angjosperms, €.g., water lilies and plants from mangroves to fulfill
their oxygen requircment. In additioo, the large vertical air spaces in many aquatic plants
often contain stellate cells or astrosclereids {Fig. 7.18 d) that arc often lransversely
intersected at regular intervals by diaphragms. This can be commonly seen in the petioles
of Nymphaea. These astrosclereids often branch into the colummnar air spaces and lend
support to the petiole. '

Tissnes

Middle lamella

Fig. 7.16: Diagrmnmatic
represeniation af
parenchymnn cells from
the endospern of
Diospyras, The cells are
connected to each other
lhrough a number af
pits. {From Esau. 1985).
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Intercellular spaces

Fig. 7.18: Aerenchyma. a,b) Parenchyma cells with many Arms joined enclosing farge intercellular spaces,
A lew cclls from the pith of Juncns {a) and the leaf mid rib of Canna {b). €) A portion of the
stem of Lirdwigia terrestre, whaose cartex is largely compeosed of acrenchyma. d} Diagrammatic
depiction of the astrosclergids (arrows) in the aerenchyma from the petiole of NMuphar
variegatum. |JAdapted from Cutter, 1978 (a,b and d): Mauseth, 1988 ()]

The aerenchyma tissue not only provides aeration and buoyancy to aquatic plants, but is
also relatively strong despite its light weight. One interesting aspect of the aerenchyma is
that the air spaces occupy an area that is about half the volume of the tissue. In such
instances the cells invariably develop lobes or arms, and become star-shaped as in Juncus,
Musa and Scirpus. And if the air spaces are even [arger than this they often have tissue
sheets traversing through their spaces. This devise lends extra support,

(iif) Boundary Parenchyma - If you can recall the anatomical structure of root, stem or
leaf, you may remember that the interfaces between many of their regions, or between the
plant structure and environment are composed of parenchyma cells. Examples of

.interfaces between the various plant tissues include endodermis in roots that isolates the

conducting tissue from the cortcx; similarly the bundle sheath in monocot leaf is an
interface between the vascular bundle and the mesophyil cells. The epidermal cells of
rools, stems and leaves are mostly parenchymatous and they form an interface between
the plant structure and the environment. You would learn more details about the
epidermis at the end of this unit,

" (iv) Transport Parenchyma - These are excmplified largely by the transfer cells (Fig. 7.19).

In many areas in a plant, materials are required to be transferred rapidly and in large
quantities over short disjances - into a gland, into and out of sieve elements, and into a
developing embryo. This'task is accomplished by transfer cells, These are specialized
parenchyma cells whose walls have extensive wall/ingrowths extending into the cell cavity

. (Fig. 7.19). The increased wall area facilitates efficient transfer of materials,
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Fig. 7.19: Skerardia arvensis. A portion of Teaf vasculature enlerged to show transfer cells surroundi-ng the
pbloem elements. (Redrawn from Pate & Gunning, 1969).

(v) Storage Parenchyma - Plant parts that store some products such as starch grains

(Fig. 7.14), oils, proteins and so on, are mostly parenchymatous. Based on their exclusive
function they are termed as storage parenchyma. Most plant parts such as fruits, seeds and
tubers with storage products are used as food. The starch storing cells are commonly seen
in cereal grains and potatoes; proteins in beans and pears; and oil in avocado and safflower.
Cells of this type are often gorged with the storage product so that the vacuole and other
organelles are completely obscured. Tn succulent plants such as cacti and euphorbias their
parenchyma cells store water. Such cells are large and bulk of their volume consists of a
greatly expanded vacuole surrounded by a thin layer of cytoplasm (Fig. 7.20).

Fig. 7.20: A portion of the teal of Carpobrotus cut in transverse section, Mazny of the epidermal cells are
many-fold enlarged and serve as water storage cells. {Redrawn from Mzuseth, 1988)

Box 7.1: The Versatile Parenchyma.

" The parenchyma cells owing to living protoplasts and the ability to resume meristematic activity

are a versatile tissue that is favourite of horticulturists. In horticultural practices, if an organ is
excised from a plant and used as a cutting, new roots or bud primordia develop from its
parenchyma cells only. Besides, this tissue also plays an important rol¢ in wound recovery and
regeneration. Mature parenchyma cells quite often resume meristematic activity when their
environment is artificially changed. In culture media, even a small number of such cells are able 1o
produce whole plants that bear viable seeds. These cells are so versatile that their protoplasts, when
‘grown under suitable culture conditions, are able to develop into complete plants.

In recent years, the isolated protoplasts from leaf mesophyll cells have been successfully
regenerated into whole plants under controlled conditions. One potentiality of this work is the
formation of somatic hybrids produced by first fusing the isolated protoplasts of two different
species and then generating plants from them. Such methods enable one to overcome genetic
incompatibility.
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“@ Collenchyma - -

This is another form oi*simple tissue a$ it consists of only one type of cells. They
resemble parenchyma close!v and often one interprets them as thick-walled parenchyma.
Collenchyma are little more altered in the process of their differentiation than the
parenchyma cells and are described 25 a living flexible tissue with considerable tensile
strength. The main characteristics of colicachyma are as follows:

® These are living when mature. They have Ii\:rl'l‘.gm_mtoplasis often containing
chloroplasts and large, central vacuole (Fig. 7.21). T:ﬂn‘ins are also commonly seen.

Fig. 7.21: a,&b) A disgraimmmalic representation of collenchyma cells. These are characterised by having

non-lignin thickening on 1he inner tlde of ihe primary layer of the cell wall. These cells contain
living cytoplasm,

® Simple pits are present in them.
Air spaces too are sometimes present. _
Ontogenetically, collenchyma develops frem elongated cells which resemble
procambium and which appear in the very earty stages of differentiation of the
meristem, or from more or less isodiametric cells of the ground meristem.

® They function as supporting tissue in young growing organs and even in mature
organs in herbaceous plants.

® They are found in stems, leaves, floral parts, fruits, petioles, and peduncles. They
usually oceupy a peripheral position in organs. In stems these are often seen
immediately beneath the epidermis or below a few outer layers of parenchyma. They
often form a complete cylinder near the periphery of the stem or occur in the form of
discrete strands. )
These are often elongated along the axis of the organ in which they are situated.
In addition to the cellulose wall, they have an extra layer of primary wall that is
composed of hemicelluloses, or pectic substances either evenly distributed within the
cellulose wall or concentrated in the angles of the cell.

Box 7.2: Test for Cellulose.

Treat the tissue with a solution of lodine Patassium iodide, followed by 60% sulphuric
acid. The walls stain for cellulose. '

e These cells have a considerable degree of plasticity and they stretch irreversibly with
the growth of the organ.
Like parenchyma cells they are capable of reverting into a meristematic state,
Based on the type of wall thickening, three main types of collenchyma (Fig. 7.22)
have been recognised. -

(i) Angular - the commonest type, wall thickening deposited predominantly at the comers
or angles of cells, e.g., in celery potiole, stem of Datura, Vitis, Begonia, Coleus, Morus
and Cucurbita. :

{ii) Lamellar - In this type, the wall thickening is deposited more heavily on the tangential
than on the radial walls of the cells, e.g., in stems of Sambucus nigrum, Rhannus.
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(iii) Lacunar - In such cells, thickening is deposited mainly around the intercetlutar spaces
between the cells. Such cells can be seen in the aerial roots of Monstera;, and petioles of

(b)

Collenchyma

L]

Collenchyma

| Colleﬁchyr_na-

Fig. 7.22: Types of collenchyma. a) Lamellar collenchyma from Sambucus. Thickenings mainly on
tangenlial walls. ) Angular collenchym from Cucurbita. Thickenings in the angles. ) Lacunar
collenchyma from Laciuca. Nate a large number of intercellular spaces (see arrows) and the
promlnent thickenings located nexi to these spaces, (Redrawn Irom Esau, 1985},

{3) Sclerenchyma !
Sclerenchyma comprises a complex of thick-walled cells, whose principal function is to
provide mechanical strength. They have the following cellular peculiarities.

® At maturity they generally lack protoplast and are mostly dead cells.

® They develop in any or all parts of the primary or the secondary plant body. They
may be formed directly from the meristematic cells or by the modification of the
parenchyma or collenchyma cells.

® Their thickened secondary walls that are often lignified are considered as the
identifying feature of this tissue. Their walls usually possess simple pits (Fig. 7.23).

Lumen of Smaller celis, - =
dead cell Cut ends of tapering fibres

“ é.

Primary wall | o
lamella Secondary wall | lignified)
Fip. 7.23: Sansevieria sp. Oulline disagram of a portion from the transverse seclion of leaf showing detoils

of the cells. Note the cells are connected by means ol simple pits. (Redrawn from Berrie ct. al.,
1987).

Simple pit Middle

®  These cells enable the plant organs to withstand various strains like the ones resulting
from stretching, bending, weight and pressure, and minimising damage to the thin-
walled sofier cells.

¢ Two types'of sclerenchyma occur: sclereids and fibres (Fig. 7.24).

Tissues
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Sclereids

Cell wall . Sclercids are highly variable in shape (Fig. 7.25). Their various forms are

] described a little later. The term stone cell is often used for a sclereid that is
almost isodiametric, unbranched and without uniform shape, The hardest parts
of the seeds, nuts and hard fruits are usua!ly composed of sclereids of various
types. Together they impart hardness and mechanical protection as in a walnut
shell. They may also be found randomly distributed in varjous tissues of the
plant. They may occur singly,or in groups (Fig. 7.25), sometimes associated
with the xylem or phloem as in the bark of Cinnamontm; or in the
parenchymatous tissues, ¢.p., pith and cortex of stems and petioles of Haya; in
the roots of Nymphava; leaf mesophyll of Nymphaea: flesh of fruit of Pyruis;
seed coals of Pisum and Phaseolus. In the seed coat they usually occur as a
complete layer (Fig. 7.26 a, b) whereas in other tissues they are distributed
randomly (Fig. 7.26 c). In addition, they also eccupy specific positions, e.g., at
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Sclereid - Fibre the ends of veinlets as in the leaves of Mouriria (Fig. 7.26 d, e). Such sclereids
(@ o) are known as ferminal sclereids. Sclereids also occur near the margins of leaves
Fig. 7.24: Types of sclerenchyma as in the leaves of Camellia. Gritty texture of pears is due to the presence of
(x) sclereid; and groups of sclereids in the fruit flesh. Sclereids are extremely variable in shape

(t_') fibre. (Fig. 7.26) and distribution. They are very interesting cells. They may occur

singly or in groups (Fig. 7.26).
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“Fig. 7.25: Various kinds of sclercids. n) Stanc cell from the flesh of pear (Pyras) fruits b) sclercid from
- slem cortex of wax plant (Heva); ¢} sclereids from eadecarp of fruit of apple (Malkus): d) a
columnar selereid with ramified ends, from teal mesophyll of Haken; ¢} astrosclercid from siem
cortex of Trachodendron: 1) filiform sclercids rom mesophyll of glive (Qea).{(Redrawn from
Esau, 1979),

Sclereids exhibit variation in their forms. Some of the commonly recognised forms are
discussed. below:

(i} Brachysclereids - These are commonly known as the stone cells. and are
isodiametric in shape. These occur in the flesh of thé fruit of Pyrus and in the
parenchymatous tissues or phloem of stems, e.g., Cinnamonnum and Hoya (also
see Fig. 7.25 a, b).
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Intercellular spaces

Fig.7.26: Distribution of sclercids, a) A portien of iransverse section ol secd coat of Phaseoltis, showing two
continunus layers of sclereids. Note the characteristics of sclercids (in enlarged view) from the
cpidermal nnd the subepidermal laycrs: b) Afffumt smivenr (garlic), a part of the transverse scction
of the scale, The sclereids comprise mest of the epidermal layer. ¢) A branehed sclereid as seen in
{lte transverse section of the Trochedendron Ieaf blade; d) A columnar sclereid with liorizontal

. - branches atits ends from the leaf of Modaricin {shown here in trans-section). Note the sclereid isin
contact with the tracheid, ¢} A terminal portion of sclercid as in d enfarged 10 show its extent, One
olits branches bas extended to the cuticle and the other one has penetrated befween the two guard
cells into staneatal eevpt. |lcdviwn from: a) Esaw, 19855 b) Mann, 1952; c-c) Faster, 1947].

(iiy  Macrosclereids - These are rod-shaped, often forming a centinuous layer in the
testa of Lhe seeds, e.g., in the seeds of Fabaceae (Fig. 7.26 a); and the endocarp of
apple (Fig. 7.25 c). :

(iii)  Osteosclereids - These are bone-shaped and their ends are often enlarged or lobed.
- These forms exist in the seed coats and leaves of Hekea (Fig. 7.25 d).

(iv})  Aslrosclereids - These are variously branched and are often slar-shaped, and are
found in the petioles and leaves, e.g., Thea, Trochodendron, and Nymphaea
(Fig. 7.25 ¢).

(v)  Trichosclercids or filiform sclereids are elodgated, hair-like forms that may also be
branched. These are commonly found in the aerial roots of Monstera and in the
teaves of Ofea (Fig. 7.25 f).

Fibres

Human beings have been using plant fibers for atleast 10,000 years. Even now more than
40 different families of plants are in commercial use in the manufacture of textile goods,
ropes, strings, canvas and many other products.

The fibres vary considerably in length but they are typically many times longer than bread.
Mostly they are elongated elements with tapering ends (Fig. 7.27) which overlap and are
often fused wilh each other. Their value as strengthening tissue is Iargely due to their
arrangement in these long masses and to the overlapping and interlocking of the cells.
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Lignificd wall

Middle lamella

Fig 7.27: Outline sketch of fibres

4('

in longitudinal view (a),
and in cross section {b).
{Alter Weier et nl,,
1982),

Their secondary walls are usually lignified leaving a narrow cavity or lumen. These cells
mostly lack protoplasts. Recent findings have revealed that xylem fibres in many plants
retain living contents for several years.

Fibres occur in roots, stems, leaves and fruits in association with different tissues. Along
the xylem and phloem you can sec them as a sheath or cap associated with the vascular

bundles especially in the leaves. They are also present in the parenchymatous tissue of the :
pith or the cortex.
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Fibres occur singly or more commonly in bundles. They can be classified into two types
depending on their occurrence, (i) Xylem fibres which are associated with xylem and
(i) extraxylary fibres occur in tissues other than xylem as in phloem, cortex, pericycle
and pith. The fibres of cortex, pericycle and phloem are referred to as the bast fibers. In .
monocotyledonous leaves, fibres are present not only as sheaths around the vascular L
bundles but they also extend benween the bundles and 1he upper and the lower
epidermises. The whole strand of this kind is known as the ‘hard’. The leaf fibres on
commercial scale are obtained from sisal (Agave sisalana).

Fibres may originate from the procambium or vascular cambium if they are associated .
with the primary or secondary system of phicem or from the ground meristem. Primary |
fibres grow in length with the organ in which they occur. The fibres of Cannabis (hemp)
and Corchorus (jute) extend as the internodes of the stem elongate, and may continue to )
increase in length much afier the period of internodal extension. This is also true in the :
fruit of Liiffa whose network of fibres is used commercially as sponge. In Boehmeria,
ftbres elongate faster than the surrounding cells. Individual fibres may attain considerable
length, e.g., 1-10 ¢cm in hemp, and up 1o 55 ¢cm in ramie. Deposition of secondary wall
takes place after elongation of the fibres has ceased. As a result, the basal end of a fibre
has a thick secondary wall while the apical end still has living contents and thin wall, as
seen in Roelmeria. - N

Box 7.3: Fibre Identification Parameters.

Plant fibres find wide applications such as in the making of ropes, paper and other
substances. Many times one needs to verify the quality and identify the pulp used in
the making of a product. The fibres of many plants have been studied carcfully to
identify characters that are of taxonomic importance. Among these are the length,
width, the ratio of the wall thickness to the diameter of the lumen, cross markings
left by the surrounding cells and the presence of crystals or silica deposits.

SAQ3

Fill in the blank spaces with appropriate words.

(1)  Stellate parenchyma is seen in the mid-rib region of ...................cooo... leaf.

(ily The ..o tissuc provides aeration and buoyancy to the
aquatic plants.

() e cells play a role in wound recovery.

GV} o are the sclercid types present in the leaves of Hakae.

(v) The gritty texture in the fruit of Pyrus is because of the presence of
................ wveeeriieiereen... in the flesh.

(vi} Collenchyma and sclerenchyma perform similar function, that is, of
................................. in the plant.

(vii) The leavesof ....... e, constitule commercial source of fibre.

(viii) In many aquatic plants the branches of ................... feeenn are seen in the spaces

of the aerenchyma tissue.
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7.3.2 Complex Tissues

A complex tissue is the one which is made up of more than one type of cells
working togelher as a unit. The two mest impertant complex tissues in plants -
xylem and phloem function primarily in the transport ol water, ions and soluble
food substances throughout the plant, Both of these together form the vascular
system of the plant.

{l) Xylem

Xylem which is an important component of the complex ‘plumbing’ system of plant
conducts water and dissolved substances from the root to the various parts of the shoot
system. In addition, it also aids in providing mechanical support to the whole plant and
acts in storage of nutrients. It consists of a combination of parenchyma cells, fibres,
vessels and tracleeids (Fig. 7.28). Tracheids and vesscl etements have several features in
common and are aften referred to jointly as tracheary elements. Their common characters
are;

® They are dead when mature;
® They are usually elongated aleng the axis of an organ;

e  They have lignified cell walls. The lignin is deposited in a number of patterns leaving
arcas of primary wall uncovered.

Developing
living contents
Living -

parenchyma
next to vessels

Lumen of dead cell——

Metaxylem-<"'-"-'

Thick lignified
secondary wall

Fig. 7.28: Tritfux sp. A portien of xylem cut in transverse section showing (he various components.
* (Redrawn from Berric el »), 1987},

Xylem differentiates from the procambium during the primary growth of the
plant. The procambium is situated below the growing root (if seen in inverted
form) or shoof dpex or associated with the leaf primordium. The precambium
consists of meristematic, densely cytoplasmic cells. elongated in the fongitudinal
plane of the organ in which it occurs. The xylem preduced by the procambium in
the primary body is called the primary xylem. The first elements of the primary
xylem to differentiate and become mature are known as protoxylem, and those
that mature later are called metaxylem (Fig. 7.28). [n many plants, after the
completion of formation of primary body. secondary growth takes place as seen
in gymnospenns and dicotyledons. Here the vascular cambium gives rise to
sccondary xylem.

xylem vessel with
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Floweriag Planis

As you know xylem is composed of vessels, tracheids, parenchyma and
fibres. Vessels are long tubes made up of individual cells called vessel elements
(Fig. 7.29) that are arranged end to end along the axis of the organ forming tubes.
The vessel elements are open at each end and have oblique, pointed or transverse
ends. The cross walls between successive vessel elements are perforated giving
free passage for water from cell! ta cell. Perforation involves the dissolution of
cross wall in a characteristic pattetn. Tracheids, which like vessel elements are
thick-wailed and are dead at maturity, are elongated structures with tapered ends
(Fig. 7.30). Their nonperforate ends overlap with each other and wherever two
tracheids are in contact with one another, pairs of pits are usually present. The pit
pairs permit water to pass from cell to cell. The pattern of the secondary wall laid
down in the tracheary elements varies according to the stage of elongation of the
organ in which they are situated at the time of differentiation. Tracheary elements
which differentiate in the growing or elongating organ have pattemns of thickening
which allows stretching. These include annular thickenings in the form of
separale rings, spiral thickenings in a continuous spiral, and sealariform
thickenings like the rings of a ladder (Fig. 7.31 a-c). Tracheary elements in which
secondary wall is laid down after elongation is over, have reticulate, that is, net-
like thickenings (Fig. 7.31 d} or thickenings with bordered pits (Fig. 7.31 €). The
bordered pits are so called because the edge of the secondary wall overhangs the
edge of the pit so that the pit field is wider than the-pit aperture and the pit is seen
as two concentric circles when seen in surface view.
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Fig. 7.29: Vessel clements from different specles: 8) Betula afba, b) Liriodendron, ¢)Lobefla cordinalls,
d) Quercus alba. ¢} Malus pumila, ) Acer regundo, g) Quercus alba. by End portion of two vessel

elements from Lobella, note the juxtaposed areas ol the two elements, (Redrawn from Eames &
McDanicls, 1987).

Xylem fibres (Fig. 7.32 a-c) are like the typical sclerenchymatous fibres as mentioned
earlier. These are elongated, strengthening cells with thickened walls. Their ends are-

pointed at the time of malurity and they lack protoplasts. They differ from tracheids
chiefly in their walls and reduced number of pits.
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Fig. 7.30: a-d) Diverse forms of tracheids in longitudinal view. e, 1) End portion of two trache{ds, compare
these to the end portions of the vassels as shown in Fig. 7.29. (Redrawn [rom Barden et al.,

1987

Xylem parenchyma cells (one such cell shown in Fig. 7.32 d) are scattered amongst the
xylem elements. They are often littte more elongated than the typical parenchyma of
ground tissue and their primary walls sometimes get slightly lignified. Their chief
function is food storage and lateral transport.

Flg. 7.31: Patterns -r.uf wall thickening In tracheary elements, a) annular; b) spiral; ¢) scalarilorm;
d) reficulate without plts; and ¢) with bordered pits. {(Redrawn [rom Berric el al.,

1987).

(2) Phloem

Phloem is a tissue responsible for the transport of dissolved organic substances like
sucrose and amino acids from places in which they are formed to places where they are
used or stored. Like xylem, phloem too is a complex lissue that is made up of several
elements in angiosperms such as sieve elements, companion cells, parenchyma, fibres and
sclereids. Certain secretory cells like laticifers and oil cells are also found associated with

the phloem. "

The primary phloem develops from the procambium, and can be categorised as
protophloem and metaphloem. Protophloem develops from procambium during an
early ontogenetic stage, wheréas metaphloem develops at a later stage of
development.
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{a}
. Fig. 7.32: a.d) Some lorms of xylary fibers. a) Fram Quercus ribra, b) from Carya ovata, and c} from

Gualgeum sanctum. d) A parenchyma cell from the wood of Sassafras variifelitm (Redrawn
from Eamcs & MacDanicls, 1987).

The conducting elements of phloem are the sieve elements which are of two types: sieve
cells (Fig. 7.33 a) in almost all non-angiosperms and some primitive angiosperms, e.g.,
Austrobaileya scandens, and sieve tube members (Fig, 7.33 b) in the majority of
flowering plants. Mark out the differences between the two in the Figure 7.33. The sieve
elements being parenchyma cells have a primary wall and no secondary wall. Among
angiosperms the sieve tube members and companion cells originate at the same time, and
that too by the division of the same procambial cell. That’s why the proximity of the two
is well marked (Figs 7.34 and 7.35). Young sieve tube members have the usual
complement of organelles: nucleus, plastids, mitochondria and dictyosomes. As the sieve

Sicve plate

Sieve area

L
790°0%0 Coag 0 0 ©0405000000 080000 G w60

()

Fig. 7.33: Sieve elements. a) Sicve ecll with tapering ends and several sicve areas on the surface of the cell.
b} A sieve tube member. Note it differs fram the former in being more wide and having distinct
transverse cnd walls with prominent sieve areas,
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tube member matures, its protoplast becomes greatly modified. Its nucleus
disintegrates, the plastids lose most of their internal membranes but usually retain
starch. The plasmalemma remains intact. The mitochondria become small,
cytopfasm is much reduced in amount and exists chiefly as a thin peripheral layer.
The vacuole membrane or tonoplast also disintegrates and the endoplasmic
reliculum sometimes aggregates in parallel arrays along the cell wall. The central
part of the sieve lube member cell is occupied by a mass of tubules or strands. This -
mass known as slime, is usually visible with the light microscope. It is made up of
proteins so it is referred to-as P-protein. Closely associated with the sieve elements
are the albuminous cells in non-angiosperms and the companion cells in the
angiosperms.

Sicve plate with
perforations and

S- mbe_ st C 1 11
callose dleposils ieve ( \) ompanton cell (Cc)

Sieve lube
element

C

5

elemeni

6

Fig. 7.34: Phloem in transection in a dicot {a} and a monocot (b) plant. Nolc the proximity of the
siev€ clements and the companion cells in both the cases. {Redrawn from Berrie, et al,
1987).

The companion cells have normal protoplast {Fig. 7.35) with ali the organelles. It is
believed that these cells control the metabolic activity of the sicve tube members that
have no nucleus. Several plasmodesmata connect the protoplasts of companion cells
and sieve tube members (Fig. 7.35). A characteristic structural feature of mature
sieve tube members is the sieve plate (Fig. 7.35). This may occur on the end or side
walls. If a sieve plate has only a single sieve area it is simple, with more than one it
is compound sieve plate (Fig. 7.36). The pore size or its diameter varies
considerably, average being 1.18 um and up to 10 pm in Crcurbita or even 14 pm in
Ailanthus altissima. The steve tube members unite end to end and form a column or
a sieve tube.

Phloem’parenchyma (Fig. 7.35) are living cells that are scattered among other celis
of the phloem. Thesce are similar to the parenchyma of the ground tissue, but the
cells are narrow and relatively more elongaled. These cells enable substances to move
lateraily and often act as storage tissue too.

Phloem fibres are elongated sclerenchymatous cells occurring in groups in the
phloem.

Monacots and dicats exhibit some differences in the composition of the phloem
tissue. In monocots, phloem contains only sieve tube elements and companion

cells. In most dicots, phloem parenchyma and, sometimes, phloem fibres also
oceur,
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Fig. 7.36: Two types of dleve plates
- aimple (o), amd
compoumd (b).
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“Phloem
parenchyma cell
Companicn cell

Fig. 7.35: Fhloem lissuc Irom the stem of tobaceo. Mark cellular details of the various phloem
componenis. {Redrawn from Wicrer ct al. 1987).

SAQ 4
Label the following statements True with T and False with F.

() The first elements of primary xylem to differentiate and mature are known as
metaxylem.

(ii)  The progenitor of secondary xylem is vascular cambium. ) -

(iii)  Vessels, tracheids, fibres and parenchyma cells are the main compenents of xylem.

(iv)  The vessel elements differ from the tracheids mainly in the perforations of the end
and the cross walls.

- (v)  The chief constituents of phloem in the angiosperms are sieve elements,

companion cells, parenchyma, fibres and sclereids.
(vi)  The protophloem develops from interfascicular cambium during early ontogeny.
(vii} The sieve tube members and companion cells in angiosperms originale one after
the other.
(viii), P-protein is found both in the sieve lube members and 1he companion cells.

7.4 EPIDERMAL TISSUE SYSTEM

The root and shoot systems of herbaceous plants are covered by outermost layer of cells
catled the epidermis. This conslitutes 1he epidermal tissue system. This also represents the
interface between the plant and the environment that includes a large number of faclors -
both biotic and abiotic. Epidermal tissues in different plant species growing in diverse
conditions have evolved certain very special features 1o suit their respective
environmental conditions.

SR



The epidermis of the stem, leaves and floral parts originates from the surface layer of
shoot apical meristem, and that of root from the layers of root apical meristem. In some
species, the root epidermis may have a common origin with the cortex or with the root
cap. The epidermis may be single- or muijti-layered. In the roots of epiphytes, epidermis is
multilayered and is known as velamen, e.g., in orchids such as Vanda.

The 'cpidermal tissue system performs many important functions.

(l) Reguiation of movement of substances - One of the primary functions of the epidermis
~is to regulate movement of substances into and out of the plant body. The epidermal cells
“of both the root and the shoot systems have appropriate features to achieve this. The
protoplasts of root cells is ‘drier’ than the soil, therefore they can readily absorb water
from the soil. On the other hand Lhe shoot system, which is exposed to the dry
atmosphere, needs a protective devise to prevent water loss from the plant. This clearly
marks the contrasting roles played by the epidermises of the root and the shoot systems.
Another example citing the contrasting roles of epidemmis is as follows. Uproot a healthy
mesophytic, and a xerophytic plant. Keep them as such. After some hours the mesophytic
plant would show signs of wilting whereas the xerophytes may take much more time to
show such symptoms. Why is it-so? It is basically due to the differences in their
epidermal layers. The wilting in a xeraphyte say a cactus gets enhanced if its epidermis is
peeled off. Does this clarify the point to you? Another functional attribute of epidermis is
specialized epidermal system that enables epiphytes to attach to the surface of trees to
fulfil their requirements for water and nutrients from the rainwater and the dust.

(i) Protection from sunlight - The epidermises of the plants occurring in deserts,
seashores and alpine regions protect them from the damages caused by direct sunlight.
Some of the damaging effects of direct sunlight are overheatmg of the protoplasm and
bleaching of chlorophyll.

(iii) Protection against other organisms - Most plants are parasitized by a variety of pests
and pathogens. These range from viruses and bacteria to higher plants. The epidermis of

any plant is in fact its first line of defense against the wide range of biological enemies. A -

resistant epidermis easily wards off the diverse biological agents thereby ensuring the
health of the plant. Have you ever observed that some parasitic angiosperms such as
mistletoes and dodders attack only certain plants whereas others remain unaffected. The
resistant epidermis of the latter, can be one reason. Similarly, insects are a constant
menace to plants. Many plants such as stinging nettles develop epidermal glands
containing toxic or noxious subslances that prevent parasitisation by insects or damage by
large animals.

(iv) Protection against nonbiological agents - Nonbiological agents like wind, salinity and
moisture stresses have lead to the development of certain adaptive features to tide over
the adverse situations. Many of these would be elaborated a little later. One interesting
example to tide over high wind velocity is that of banana. Its newly formed leaves have
entire lamina, but it is common to see old leaves torn at several places, so much so that
they look like compound leaves. Actually certain weak areas exist on the lamina of the
leaf and at these regions only the lamina splits. This is one form of adaptation to prevent
damage due to high speed wind. Similarly young shoots and leaves of several plant
species have flexible, tear-resistant coverings especially at the edges of the leaves that
enable these structures to withstand gentle breeze and minimise any damage due to high
speed winds,

(v) Epidermal function in repreduction - A number of mechanisms have evolved that
encourage or ensure ¢ross pollination. One example is the anther epidermis that opens
early, releasing pollen grains, while the stigma epidermis is still nonreceptive. The second
instance is the epidermis of the stigma that tests any polien landing on its surface, and
rejects the ones not suitable for the plant. This is what is known as the compatibility
reaction. Remember you have learnt about jt in LSE-06.

’
Besitles these, the epidermises that develop various colours, textures and scents help to
attract polfinators to bring pollen to the stigma. Similarly secretion of nectar by the floral
or exrafloral nectaries is done either by secretory epidermis or epidermis that
accumulates and releases nectar to the pollinators,
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(vi) Secretions - In the secretion of certain exudates that attract and Irap insects in
insectivorous plants and the removal of excess moisture through hydathodes, the
epidermis plays important roles. These would be laken up in detail subsequently in
the course.

Structural Yariations and Specialities

After having viewed epidermis from the point of view of its functional diversity; we shall .
now look at the siructural features that enable the plants 1o perform these diverse ]
functions. A

TR

In flowering plants the mature epidermis (of root and shoot system in total) is composed
of four kinds of cells; the ordinary epidermal cells, guard cells, trichomes and root hairs.
The ordinary epidermal cells are the ones that lie between the more specialized cells of
the epidermis. They are more in number and cover tle greater part of the plant body.
They exhibit a wide range of variations in shape, size as well as contents. For example, in
seed coats and bud scales elongated cells are comman where there is need of cxtra
protection. They are variously modified in relation to the organ where they occur. For
instance, they are elongated parallel to the organ. In surface view they may be
rhomboidal- sinuous and of different forms.

ey

A universal feature of ordinary epidermal cells is that they are firmly attached to

each other along their sides but less firmly to the tissue beneath, Therefore, in many
plants the cpidermis could be easily peeled away as a sheet from the underlying

cells. .

Ordinary epidermal cells usually live as long as the lifetim. of annual or biennial plants,
but are often replaced by bark in perennial plants,

Epidermal cells besides including living protoplasts, alse contain leucoplasts, chloroplasts
and anthocyanins. These cells may elongate or enlarge, and undergo secondary - r
thickenings as the organ matures. The thickening is often more on the periclinal walls and
minimal on the anticlinal walls.

T

One of the main function of the epidermis is to control the amount of water loss. For this
purpose there is deposition of hydropliobic materials - the cutin and the cuticle on the

outer wall of the epidermal cells (Fig. 7.37). Cutin is a high molecular weight lipid
polyester that results from the polymerisation of certain fatty acids, In addition to water
retention, it reflecis some of the excess solar radiation because of its shiny nature. Mostly
cuticle is deposited as a smooth layer; however, in some species it has complex patterns

of striations, bumps and even wrinkles,

Epidermis Chlorenchyma

Fig. 7.37: A portion of the leal of Taxiis in ¢ross-section, Mark the promincnt layer of cuticle on the outer
side of the epidernal cell layver (Redrawn from Mauscth, 1988).

Besides culin, the epidermises of many specics are coated with waxy depositions that
make the surface look greyish in colour and extremely hydrophobic and nonwettable.
This becomes an important factor in the application of exogenocus substances such as
herbicides and growth regulators. These depositions no doubt are imporiant for the plant
as lhey act as effective sunscreens. For example, the wax layer of Echeveria bracteosa
reflects about 25% of the incident light. Waxes also provide protection from the insect
attack,




{1) Stomata

Despite the cutins and waxes, the epidermises of the aerial parts of the plant do not
become absolutely impermeable, and they are interrupted by minute openings or the
stomatal pores. Each pore is surrounded by two guard cells (Fig. 7.38) forming
stoma. The guard cells are different from the ordinary cells in their size and
arrangement. Sometimes the cells adjacent to the guard cells are also different in size,
shape and cell content from the ordinary epidermal cell. Such cells are termed as the
- subsidiary cells (Fig. 7.38). The guard cells including the pores and the surrounding
- subsidiary cells, all together form a stomatal complex. Based on the number and
armangement of the cells of stomatal complexes, five kinds have been recognised

(Fig. 7.39).

Subsidiary cell

Epidermal cells

N

Fig. 7.38: A portion of paradermal section of Zea mays leal showing guard cells, subsidiary cells and other
epidermal cells.

Stomata occur on almost all green parts of a plant especially leaves and stems. Cn the
Jeaves, they are typically more abundant on the lower or the abaxial surface, with very
few or no stemata on the upper or the adaxial surface. The dicot leaves have haphazardly
‘arranged stomata, whereas in monocots Lhese are arranged in rows. Stomata are also
;“fourid on some non-green portions of the plant such as petals, stamens, fruits and seeds,
: but they are invariably non-functional. All roots, with the exception of pea root lack
stomata.

T'issues

Fig. 7.39: Five kinds of stomatal complex: {(a} anomocytic types lack subsidiary cclls; (b) paracytic type -
vach guard eell is accompanied hy one or more subsidiary cells aligned parallel to it; (¢} diacytic
1ype - iwao subsidiary cells are aligned perpendicular to 1he guard cclls; (d) anisocytic type -
three unequally sized subsidiary cells are nrranged around the guard cells, and (¢) aclinocylic
type - many guard cells surround subsidiary cells. :

(2) ‘Trichomes

A trichome is referred to any cell that projects markedly-out of the plane of the epidermis.
They perform a wide range of funclions from secretion to protection. These have been
categorised as and nonglandular and glandular trichomes.

(i) Nonglandular Trichomes: These exhibit a wide range of variaiions from unicelled ones
te muiticelled structures. Some of these forms are depicted in Fig. 7.40. Obscrve each
figure carefully and note how many cells constitute each form, what is their arrangement,
and compare one form with the other.
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Fig. 7.40: Diverse forms of non-glandular trichomes, a) Single—celled trichome; b-1) Multicelled trichomes.

The main function of these trichomes is to provide a covering to protect from the various
environmental disturbances. Since the structure of trichomes is highly specific in different
species, this is used as an invaluable tool by the taxonomists. Trichomes or hairs of many,
species are also economically important. The cotton fabrics which are known from

900 to 200 BC, are actually derived from its trichomes. Another example is Ceiba kapok,
the source of *Kapok’. :

(ii) Glandular Trichomes: Their characteristic feature is that they have a secretory
role. Oils, resins and camphors are secreted by such hairs. Glandular trichomes too
exhibit considerable diversity and may be either unicellular or multicellular

(Fig. 7.41).

In such trichomes there is a stalk and a head (Fig. 7.42), and the latter is the
secretory region. A cuticle-like layer covers the single-celled or muiti-celled
head of the trichome, and the secretions collect between the cells and the cuticle
which is lifted away from the cellulosic portion of the wall. The cuticle then gets
torn and the secretions are liberated. The stalks of large glandular trichomes are

- invariably connected to vascular tissucs (Fig. 7.41 £, arrow) with prominent

tracheary elements. In addition the wansverse walls of the stalk cells have been
found to contain a large number of plasmodesmata to facilitate flowsof materials |
to the head. Similarly the foot cell and the collecting cells have labyrinthine

walls and become transfer cells. Rarely the surrounding epidermal cells are
modified into collecting cells.



u ol

ote the casparian thickeningy. g) This

Fig. 7.41: B-g) A 1ew forms of secretory Irichomes. Ina-dyand fj n
inple-cetled

glandular trichome s also known as stinging hair and is found in Urtica. Thes

ncedle-like trichome Is surrounded by epidermal cells arranged in a cup-like manner. The tip of
the gland readily breaks even on slight touch. The broken portion is very sharp and penetrates

the skin and injects its poisonous irritating cell contenls containing largely histamines and
acetyl choline. {(Redrawn from Fahn, 1977).

A feature of the glandular trichomes that you should notice is the presence of casparian
strips in the region isolating the secretory region (Fig. 7.42). Because of them the
secretory products cannot flow back into the plant apoplastically.

Stalk cell—F

peChaw

Fig. 7.42: Diagrammatic representation of a glandular trichome showing ifs various parts. This is the
basic plan of mest giandular trichomes and the variations are duc 1o dilferent number and

arrangement of (heir cons{ituent cells.

i

(3) Some special epidermal cells

Certain forms of the epidermal cells such as silica, cork, crystal-containing, and
bulliform <ells are some special cells found in the epidermises of different plants.

Tissucs
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Silica cell Long celle

Fig. 743: A portion of the
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epidermla of Pennisetum
clandestinum showing
sillen and cork cells
nrraeged in longitudinal
rows. (Redrawn from
Fakn, 1977),

Silica cells (Fig. 7.43) differ from the adjacent epidermal cells in size and shape, and
contain silica bodies which may be round, elliptic, dumb-bell or saddie-shaped. They
oceur solitary or scattered randomly over the leaf surface or arranged in longitudinal rows
above the veins,

Cork cells are small, highly vacuolate with suberized walls, and their lJumens are filled
with ergastic substances. They are often found associated with the silica cells as in
Pennisetum clandestinum (Fig. 7.43) and impart mechanical strength to the plant. In
cereals, silica has been found to prevent accumulation of other elements such as
potassium and caicium on the leaf surface,

Crystals of calcium carbonate known as the cystoliths occur in specialized epidermal cells
or the lithocysts (Fig. 7.44). Such cells are invariably larger than the adjacent epidermal
cells and unlike the trichomes project inside the cell cavity. Lithocysts are characteristic
of families Acanthaceae, Cucurbitaceae and Moraceae. In the families Opiliaceae and
Boraginaceae such crystal containing cells are found in groups.

Fig. 7.44: A portion of leaf of Ficus elesiica showing a multiseriate epidermis and a lithoeyst. {Redrawn
from Fahn, 1977).

There is yet another special type of cells found in the epidermises of monocots especially
the grasses and sedges. These cells are the bulliform ceils (Fig. 7.45). These are large,
thin-walled celis arranged in long bands parallel to the length of the leaf, They act as
points of fiexure, i.c., when they are swollen and turgid the ieaf opens, but when they
loose water and become flaccid the leaf folds, thus minimising exposed surface. The
activity of these cells thus Lelps in controlling water loss from the leaf,

Bulliform celis

Fig. 7.45: A portion of leaf of Tripsacum dactyloides in cross section showing the prominent bulliform
cells, (Adapted from Muauscth, 1998).

Root hairs represent another kind of special dermal structures that are of universal
occurrence with the specific function of water and nutrient absorption. Most root hairs
are unicelluiar (Fig. 7.46), with one exception of multicetlular root hairs that is of




Kalanchoe fedischenkoi. The root hairs vary in length from 80 to 1500 um, and their
diameter varies from 5 to 17 pm. In 5ome plants, almost every epidermal cell grows out
as a root hair, but in others the cells undergo an unequal division, and the short cell
known as the trichoblast or piliferous cell grows out as the root hair. The root hairs
provide an extended area for efficient absorption. In a single rye plant there are about

14 billion root hairs with a surface area of about 400 sq. m! Like other trichomes, the
root hairs too have a short life span and they die within a few days of their formation.
They are sloughed off the root. But sometimes some of the root hairs persist and their
walls become thickend due to lignification or suberization. '

Nucleus

Vacuole extends into root hair
Cytoplasm

Fig. 7.46: A disgrammetic sketch of 2 portion uf‘ro_otln longisection, showing a unlcelled root hair.

. -

SAQS
Choose the correct word(s) from those given in the parenthesis.

(i)  The epidermises of the shoot and root systems develop from the (shoot and root
apical meristems respectively/shoot apical meristem only).

(ii)y  The continuity of epidermis in the aerial regions is interrupted by the
(organs/stomata).

(ili}  The attachment of epidermal cells is more firm (on their sides/to the tissues
beneath them}).

(iv) The type of stomata in which the guard cells are surrounded by three unequal
subsidiary cells is (cyclocytic/anisocytic).

(v} (Cotton/Maize) is a good example of fibres developing from the trichomes.

{vi} The (crystal/bulliform) cells aid in controlling water loss from the leaves of grasses
and sedges.

75 SUMMARY

In this unit you have learnt that:

®  The plant body is made up of basically two types of tissues - meristematic and
mature tissues.

e  Meristemalic tissues retain the capability of division throughout the life of the plant
and can be divided into three types depending upon their position - apical, lateral or
intercalary.

®  The apical meristems are present at the apices of stems and roots. Lateral meristems
are present paralle! to the surface of organs, and intercalary meristems are presemt in
between the mature tissues.

Mature tissues are of two types - simple and complex.

Simple tissues are those that are composed of only one type of cells. Three types of
commonly occurring simple tissues in plants are: parenchyma, collenchyma and
sclerenchyma. '

& Parenchyma tissues mainly perform the functions of photosynthesis and storage,
whereas collenchyma and sclerenchyma provide mechanical support to the organ and
the whole plant,

e Complex tissues are made up of more than one type of cells. They are of two types:

xylem and phloem. Xylem performs the function of conduction of water and phloem
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) lransports food materials. Xylem and phloem remain in close association in aplant

organ and they together form vascular tissue.

¢ Epidermis is the outermost layer of the plant. It is protective in function. Several
stomata interrupt the continuity of epidermis and perform the function of gaseous
exchange and transpiration. Besides stomata, several kinds of trichomes are also
present on the epidermis of aerial parts of the plant. The epidermis of the roots
system is characterised by the presence of the root hairs.

7.6 TERMINAL QUESTIONS

1. Differentiate between the following pairs of words:
(i}  Storied and nonstoried cambium

(iii} Brachysclereid and macrosclereid
{iv) -;I-‘racheld:‘;-and ves;el elements
(;:) Sl-r-nple a1:|d":;ompou-r;d sieve ;zt-reas -----

2. Match the items given in Column I with those given in Column I1.

Column I Column I1
- ()  Arachis hypogaea (a)  epidermal hairs
(i) Nympikaea petiole (b)  sponge
(it) Agave sisalana ' (c) jute
(iv) Cannabis ' (d) lignin
(v). Corchorus (e}  astrosclereids
_(vi) Sclerenchyma (fy hemp

(vii) Luffa fruit (g) intercalary meristem
(viii} Brachysclereids (h)  hard fiber
(ix) Cotton (i) Urtica
(x)  Stinging hairs ()  Pyrus

3. Classify parenchyma tissue on the basis of their functional diversity.
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4. What are the various forms of sclereids? Give diagnostic features of each along with
their one example.

7.7 ANSWERS

Self-assessment Questions

W

ap _

(iii)
(iv)
)

@
(i)
(i)
(iv)
)

(i)
(i)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)

(i)
(i)
(iii)
(iv)
v)
(vi)
{vii)
{viii)

®
(ii)
(iii)
(iv)
(v
(vi)

False
True
False
False
True

plastochron
fusiform, ray initials
lateral meristems

primary, secondary
phellem, phelloderm

canna
aerenchyma
Parenchyma
Osteosclereids
brachysclereids
support

Sisal (Agave sisalana)
astrosclereids

F
T
T
T
T
F
F
F

shoot and root apical meristems respectively
stomata .

on their sides

anisocytic

Cotton

bulliform

Terminal Questions

6]
(i)
(iii)
(iv)
(v)

See Subsection 7.2.2
See Subsection 7.3.1
See Subsection 7.3.1
See Subsection 7.3.2
See Subsection 7.3.2

Tisames
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2. 1 I

0]
(if)
(iii)
(iv)
)
(vi)
(vii)
{viii)
(ix)
(x)

3. See Subsection 7.3.1

=TRSO MO0 -Ten

4. See Subsection 7.3.1.
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UNIT8 ROOT, STEM AND LEAF

Structure

8.1 Introduction
Objectives

82 Root

82.1 Root Apex
8.22 Root Structure
823  Specialized Root
83 Stem
8.3.1  Shoat Apex
832  Primary $truciure
83.3  Secondary Structure
834  Comparison between Dicotyledon and Monocotyledon slem
8.3.5  Specialized Siem
8.4  Leaf
84.1  Intemal Structure
8.42  Comparison between a Monocatyledon vs Dicotyledon Leal
84.3  Specialized Leaves
B4.4  Abscission
8.5 Summary
8.6 Terminal Questions

B.7 Answers

8.1 INTRODUCTION

The primary vegetative vascuiar plant body develops from an embryo. The embryo
has at its opposite poles two growing points: root and shoot apical meristems. When a
seed germinates, these meristems contribute to the establishment of root and shoot -
systems. The meristems produce new cells which grow, differentiate and mature into
a variety of primary tissues. The root system comprises of roots which anchor the
plant to the soil and take up water and mineral salts from it. The shoot consists of an
axis, the stem and the laterals, the leaves and shoot buds. The leaves produce food
and lose water by transpiration. The stem supports leaves, conducts and transports
water and mineral salts from roots to leaves, It also translocates the photosynthetic
products from leaves to other parts of the plant. The different organs -the roots,
stems, and leaves are made up of various kinds of tissues placed and organized into a
specific pattern. There is a distinct correlation between such a pattern and the
function the organ performs. Later in the life of an organism, especially with a longer
life span, these organs (root and stem) produce secondary tissue as a result of
secondary growth. The secondary activity takes place because of lateral meristems
known as vascular cambium and cork-cambium. In this unit, you would study the
development and structural organization of root, stem and leaf. You would also study
how an organ modifies its structure to carry out specific function and/or to adjust to
the environmental needs.

Objectives
After studying this unit you will be able to:

s jdentify various organs present in a vegetative plant body;

understand the concept of tissue system in relation to organs;

describe the internal make-up {anatomy) of root, stem and leaf;

differentiate and compare the internal organization of various organs;

correlate the pattern of placement of various tissues in an organ to the functional

ability of the organ concerned;

know about the origin and function of secondary meristems;

differentiate between primary and secondary tissues;

» regcognize and identify the difference between the structures of organs in
dicotyledonous and monacotyledonous plants;

= appreciate the close relationship between structure and function, and adaptability.
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You are advised to dig up young plant from the soil and compare its organization to one
shown in figure 8.1. .

Shoot apex _/A,- S ——Leaf primordia

15
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Qo LNl D
L/’ A o

¥ Branch tracé Section of leaf

7 .: N B
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Cortex

Ground line _ [
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Contex
a Branch roots :
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¥ Xylem '= : Epidermis
- Phloem ——Root apex
——Root cap

a

Fig. 8.1: A young plant.

Study Guide

Before you start studying this unit, you must read unit 7 on tissues. You must acquaint
yourself with the concept of meristem, differentiation, cell division, permanent tissues,
€tc. You should be able to recall the organization of a plant cell and the roles of various
cell organelles. You should look at the various diagrams very carefully.

Prlor Reading

. Unit - 17 of Cell Biology,

LSE - 01Unit - 7 of this Block - -
Unit - 4 of Development Biology ESE-06.

8.2 ROOT

The root is usually located in the lower portion of the plant axis. It generally grows and
develops under the surface of soil. The roots are involved in the uptake of water and mineral
nutrients, food storage and anchorage. They are present in all vascular plants except the
group Fsilotales (Pteridophyta, the non-seed bearing vascular plants), the plants of which are



root less, they are also absent in members of the family podostemaceae. The first root of a
plant develops from Lhe radicular portion of the embryo. This constitutes the primary root.
The mature portion of this root produces Fateral roots. This process is repeated a number of
times to produce a roof system. The primary root is also referred to as tap root (Fig. 8.2a),
and is characteristic of gymnosperms and angiosperms. In monocotyledonous plants, the
primary root stops growing soon after it is formed and additional roots develop from the
hypocatyl and the stem. Such roots and any other roots which develop from regions other
than the radicle of the embryo are called adventitious raots. Such a root system forms a
fibrous root system (Fig. 8.2b). All kinds of roots whether primary, lateral, or adventitious,
however, possess a similar structural plan. This structure is basic, primary and prior to any
secondary growih, if any, taking place in a root. Let us study more about it.

Adventitious

Tap root fibrous root

Radicle  system

Fig. 8.2: Development of root systems. a) Germinating dicat seed with growi;-]g radicle which dcvclupi’
into a tap root system (sec arrow). b} A rice seedling develops extensive fibrous adventitious root
system (sec arrow). -

8.2.1 Root Apex

Theaories of Root Apical Organization

During the course of embryogeny, certain cell(s) take-up on themselves, the task of
contributing more cells by mitotic cell divisions. These cells possess dense cytoplasm,
large and conspicuous diploid nucleus, and many tiny vacuoles. These vacuoles are
distinctly visible only under electron microscope. All the cells in a given primary root
owe their origin to these cells which constitute the so cailed root apical meristem. The
cell(s) present in the meristem are termed as initial(s). Since they are focalized in root
apices, they are referred to as root-apical initials. Though, all roots are characterized by
the presence of such initials, yet their number, location, placement and mode of function
are not fully understoed. All plant species do not necessarily possess exactly similar root
apical structure. A large diversity is recorded in this context. Many attempts have been
made in the past to provide an insight into the organization of root apex. We will now
discuss a few of such works. ‘

Apical) Cell Theory: In roots of certain vascular cryptogams (eg., Eguisetunt.
Ophioglossum, Dryopieris) only a single tetrahedral apical cell is present {see fig. 8.3a). It
is suggested that all the cells in a root are derived from it, This forms the basis of apical
céll.f_ilicory proposed by Nipeli (1844).

Héwever, lwo or more initials are reported in family, Marattiaceae ( a fern family). In
higher vascular plants often many apical initials arc observed. Hence, this theory is not
applicable to maost vascular plants.

Root, Stem and Leal
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Fig. 83: Dingrammatlc representation of ront apical meristems a) Median langitudinal scction of &
roat tip of Preris, showing a single npical cell with four cutting faces {one not in plane of
seclion}. (Maodified from A.J. Eames and L.H. MacDaniels, An fatroduction (o Plant Anatomy
McGraw - Hill Book Co., Inc., Newv York). b Schematic representation of the growth of rool
apex of a dicotyledon inferpreted in terms of Hanstein's histogen coneepl. ¢) Root apex of
Zea mays in tongitudinal section showing paltern of cell linenges, interpreting its
organizatian on K@rper-Kappe econcept. (Adapted from F.A.L. Clowes, Endeavour, 24,
1965).

W

Histogen theory: J. danstein (1868) proposed histogen theory and postulated the
existence of three cell-initiating centres or regions which he termed as histogens. These
are dermatogen, periblem and plerome (see fig. 8.3 b) which form epidermis, cortex
and vascular tissue, respectively in a mature root.

Figure 8.4 shows different kinds of root apices. Look at the arrow. In g, all the
cells of root are derived from a single apical cell. In b, one layer of cells gives rise
to the vascular cylinder and the other produces cortex, epidermis and root cap.
Most gymnosperms possess such root apex. The pattern ¢,which is characteristic
of many dicotyledons, one layer gives rise to vascular cylinder, another to corfex
and the third is the joint originator of epidermis and root cap. Type 4 root apex
differs from c in having an independent origin of root cap, but epidermis and
cortex have common initials. Such root apices are present in most
monocotyledons.
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Fig. 8.4: Organisation of root apical meristem. a) A single apical cell is source of ali parts of root and root
cap. b) Two groups of initials, giving rise to the vascular cylinder ard to the cortex, epidermis
and root cap, ¢) Distal region with poorly individualized initials is the source of central cylinder,
cortex, and column. d) Three groups of initials, giving rise to vascular cylinder, coriex,

cpidermis and root cap. (Adapted from K. Esau, Plant Anatomy, John Wiley & Sons. [ne., New
York. 1965), 1

Kérper-Kappe Theory: According to this theory, the cells divide in a pattern which was
termed as T- division. In the outer region of the root apex [kappe (cap) region] the daughter
cells divide longitudinally and at right ang|es to the plane of first cell division. Thus the
plane of two cell divisions form a T in a median longitudinal section of a root. In the ksrper
(body) region (root body zone) these divisions result in an inverted T pattern (see fig.
8.3c). Korper-kappe theory was proposed by Schtiepp in 1917. According to him the origin
of various root tissucs wan Le comted by tracing these cell division patterns.

Promeristem: The term promeristem refers to that part of the apex which is capable of
giving rise to all the tissues of the root. It could be one or many celled. It was initially
believed that promeristem s rather a small region. However, on the basis of derailed
experimental studies carried out by F.A.L. Clowes (in 1950's ) in root apices of Vicia faba
and Fagus sylvatica, it is suggested that the promeristem is somewhat cup-shaped group
of cells on the periphery a central inactive region (Fig. 8.5).

Procamb jum

— Cortex

Protoderm

Quiescent
centre

Raot cap

Fig. 8.5: Medinn Yongitudinal view of a root (
regions that develop from them,

p showing the prima'ry meristem and primary tissues and
Quiescent centre: The central inactive region beneath the active cup-shaped group of
initials as mentioned above was named by Clowes as quiescent centre or quiescent zone.
This region is supposed to be hemispherical and multiceltular. The cells within this zone
have smaller nuclei, fewer mitochondria and little network of endoplasmic reticulum,
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They stain poorly for RNA and when the rocts were grown in medium containing

labelled phosphorus and thymidine, this zone incorporated very little of these substances.

These observations suggest that the cells within quiescent zone show very low activity.
Incidentally the cells in this region have a very prolonged G-Phase of mitosis and
therefore are able to withstand damage when exposed/subjected to low temperature
condition and then restored to high lemperatures, or to radiations.

Various suggestions have been put forward to explain the functions and reasons for
quiescence. Some of these are summarized below: (1) they represent the site of synthesis
of plant growth substances; the cells with higher concentration of these substances are
quiescent while those with lower concentrations are capable of cell division; (2) root cap
cells control quiescence in these cells; (3) pressure exerted by the rapidly dividing
neighbouring cells cause inactivity in this zone; (4) they are reservoir of typical diploid
genome of the spp., since dividing cells are more susceptible to change., ete.

It must be mentioned here that roots of not all species show the existence of quiescent
centre. Such a centre is often absent in younger roots. In Euphorbia escula which has
dimorphic root system, the quiescent centre is present in long roots but dwarf rools are
devoid of it. All that we can summarise is that root apices have one or more apical cells
whiich'give rise to all the mature tissues in a primary root.

8.2.2. Root Structure

The root structure, especially the zonations can best be understood by looking at a
longitudinal section passing through apical region ( see fig. 8.6). The various zones that
one can demarcate are root cap, region of cell division, region of elongation and
region of maturation.
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Fig. 8.6: Diagrammatic representation of various zones and tissue in 1 developing root {Adapted from
Esau, Flant Anatomy, 1964)




Root Cap

The root apex is enclosed partly within a fully differentiated, mature and multiceliular
structure called root cap. It occupies most distal position of any root. The cells of root cap
are living parenchyma cells which often contain starch grains, and exhibit irregular
placement. Whenever the central cells of root cap form distinct and constant structure,
they are termed as columella.

Root cap protects the root promeristem and aids in the penetration of growing roots into
the soil. The root cap cells of certain plants can be removed, Such roots, without their
caps, show erratic geotropic responses. It s, therefore, inferred that the root cap controls
the geotropic growth of the root.

The cells of root cap are rich in certain solid cell-inclusions, termed statoliths (see fig.
8.7). These are principally starch grains enclosed in amyloplast envelopes. Such cells are
called statocytes or statocysts. It is suggested that statoliths transmit gravitational stimuli
to the plasmalemma of the statocytes.

Mitochondria

Golgi bodies

Vacuole a

Amyloplasts =7 - &

b

Fig. 8.7: Drawings of statocytes of root tips showing sedimentation of the amyloplast statollths ro the
tower side of the cell due to gravitational stimuli. a}F7cia faba, the amyloplasts sedimented to the
lower side of the cell and the ER is displaced (o its upper side. (Adapted from Grllliths and
Audus, 1964. b) Lepidium sativurn, emyloplasts on top of static ER camplex (Drwing based oo

-dleciron mlerograph. Sievers and Yolkmaon. 1972).

The life span of root cap cells is very short. The outer most cells die, separate
disintegrate and are replaced by new cells aimost continuously New cells are produced .

by root apical initials. In maize (Zea mays), roots kept in water ar 23“7 3000-7000 cells
are produced and sloughed off in 24 hrs.

The root cap though characteristic of most rov.. 15 apseut 1n rvuts of some parasitic
and some mycorrhizal roots. In water plants root cap cells degenerate early.

‘ Regior of Cell Division

The cells in the different regions of the root apex divide a1 different rates. In many roous.
the maximum mitotic aclivity occurs some distance behind the promeristem. Roots may

Root, Stere and Leaf




show diurnal periodicity in mitotic activity. In Melilotus, mitoses were most frequent at
roon and at midnight.

Flowering Plania
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Since root tips show extensive and maximum cell division activity, our understanding of
mitosis in plants is based on the study of root tips. ’

Region ol Elongation

Activity in the cells proximal to promeristem and in the region of cell division results in
the elongation of root. The cells of this region show distinet vacuolation and,decreased
mitotic activity. This region is active in absorption of water and minerals from the soi]
and, hence, is also termed as region of absorption.

Region of Maturation

This region lies proximal to the region of elongation, and its cells lose their divisional
capacity. The various tissues with which one associates a root are present in this and
beyend this zone. -

SAQ1
1. Fill'in the blank space(s) with appropriate word(s).

@)  The first root of a plant that develops from the radicular portion of the embryo
is known as .................

b) A root that originates from any place other than the radicle of an embryo is
called ......ooocooeiiee,

¢)  Apical cell theory of root apex organization was proposed by .........................

d)  The histogen layer which is postulated as vascular tissue initiating centre is
termed as ..o, .

e}  The part of the root apex which is capable of giving rise to all the tissues of
the root is catled ..................

-z -

f)  F.A.L. Clowes has proposed the concept of ..o in the root
apex organization.

Primary Strueture:

In the root threc primary tissue zones can be recognized. They are: epidermis, ground
tissue, and vascular tissue (see Fig. 8.8).

Phloem

Pericycle

Central
metaxylem Root hair
vessel

Epidermis
Protoxylem

Cortex
Endodermis -

-

64 Fig. 8.8: Cross-scction of 2 root of a seedling of Friticier (adapted from ;@vcry. 1930).



Epidermis: Epidermis is the outermost layer of the primary root. Its cells in the short- Root, Stem and Leaf
lived roois are generally thin-walled. They become thick or even lignified if the epidermis

persists for long or when the roots get exposed to the air. The epidermis is usually single-

layered but in certain aerial roots( eg. in Orchidaceae and some epiphytes) it could be

multilayered and is referred to afvelamen (see Fig. 8.9).

Strip-like wall
thickenings

3 _|,.'I1

!IPassage

S

s

Fig. 8.9: a) C.S. of the acrial root of an epiphytic orchid showing the presence of velamen. b) A portion of
velamen, enlarged.

Root Hair: The epidermis of the root is characterized by the development of single-celled
outgrowths, the root-hair. They are never formed close to the apical initials, The root-

hair rich zone of epidermis is some distance away from the apical initials. Root hair initial

fs small and as it begins to bulge outward, (Fig. 8.13) its nucleus and almost all the

‘cytoplasm migrates into it. The root hair grows by depositing wall material at the tip and -
the region closer to the root does not elongate. There is a giant central vacoule, and

majority of the cyloplsm forms an extremely thin layer next to wall. if the hair runs into a

small soil particle, it may grow in two directions around it, becoming forked. Some desett

plants produce more hairs when the soil is dry than when it is moist. Diumer (1937) estimated .
10,000,000,000 raot-hair on 2 single
mature rye plant in moisl soil or even

Older portions of roots have never been found to produce root hair. in hunid air.

The function of root hair is not to absarb material directly but rather facilitate absorption
by the regular epidermal cells; that is, the presence of root hair greatly alters the
environment immediately adjacent to the root-the rhizosphere.

In older parts of the root they die and dry out. The root epidermis of water plants
generally lacks root hair, The root hairs are shori-lived except in roots which lack
secondary-thickening/or in those roots which do not develop periderm.

All the cells of root epidermis do not develop into hair. It is not always possible 1o
distinguish the initials which are destined to differentiate as root hair from the ones which
do not do so. However, in Phleum, Hydrocharis, and Raphanus, it is very easy Lo
recognise root-hair initials. Such cells are termed as trichoblasts.

Ground Tissue: The portion of the root inner to epidermis and outer to the vascular
cylinder constitutes the cortex which is multilayered. In dicotyledons and gymnosperms
the cortex is mainly parenchymatous. In many monocotyledons, iowever, where the roots
are long-lived, much sclerenchyma develops. Such sclerenchyma occupies peripheral
layers.
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The cortex in rcll"ot is usually wider than in the stem and plays a major role in storage.
Conspicuous schizegenous inlercellular spaces are very common in root cortical cells. In
grass family, additional lysigenous spaces are also formed. Large air canals are common
in the root cortex of Araceae (Palmae).

The cells of cortex are penerally achlorophyllous, however, chloroplasts are reported in
roots of water plants and many epiphytes.

In certain plants such as Phoenix, Smilax, Iris and Citrus, the outermost cell layer(s) of
cortex, just below the epidermis, is (are) specialized and is termed as exodermis. Its cells
are suberized and are protective in function. :

Endodermis: The endodermis is the innermost layer of the cortex that separates the
vascular cylinder from the rest of the cortex. The radial and cross cell walls of
endodermal cell develop specialized thickenings. Such thickenings are integral parts of
the primary cell wall and the middle lamella is impregnated with suberin and lignin. This
band of thickening is called casparian strips (see Fig. 8.10). Under the electron ]
microscope, these strips appear as slightly thickened, homogenous electron opaque wall
region. Like most of the other living cells, plasmodesmata are present all over the
endodermal cell walls except at the portion where casparian strips are deposited. At this

- junction, the strips adhere to cell membrane, Certain cells of endodermis, especially

opposite to protoxylem, as seen in cross section of the root do not develop casparian
strips. Such cells are called passage cells. They allow passage to substances between
cortex and vascular tissue.

Cross wall

Casparian strip

| Radtal
wall

Fig. 8.10: Casparian strips in endodermis. a) Portion of a C.S. of a raot showing part of the
endodermis and a row of parenchyma cells. b) Three-dimensional diagram of a single
endodermal cell with casparian strip (adapted from Esaw, 1953).

The Vascular Tissue: The development of vascular tissue in root is both
diverse and interesting. The direction of differentiation of procambium is from
older mature region towards the apex, i.e., acropetal. All the ells of vascular
tissue arise from the central procambial strand. The procamlﬁum consists of
densely staining meristematic cells placed in a plane parallel to the long axis of
the organ.

The first elements of xylem and phloem (hat mature are at the periphery of
procambium. These are termed as protoxylem and protophloem, respectively. The
differentiation and maturation of xytem and phloem progresses towards the centre of
the procambium. The later developed elements of xylem and phloem are called
melaxylem and metaphloem respectively. Moreover, both xylem and phloem may
start developing simultaneously but alternately across the circumference of
procambium. In a mature primary root, the xylem and phloem may have criginated at
iwo, Lhree, four, five or many points. Such roots are consequently referred to as
diarch, triarch, tetrarch, pentarch or polyarch (see Fig. 8.11).
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Metaxylem

Protoxylem poles Lateral root

Fig. 8.11: Radial arrangment of vascular lissuc in roots as seen in C.3. a-h) Diarch. ¢} Triarch.
d) Tetrarch and c} Polyarch roofs. Alse note the specific repion of root from where-the lateral
reats orizinate. (Frem Esau, 1985) .

The central portion of the procambium which does not differentiate as xylem and
phloem develops as parenchymatous pith. The pith may be highly inconspicuous as in
the diarch roots or very large as in polyarch roots (in most manocols). The cells of the
procambium that lie outer to the protoxylem and protophloem but inner to endodermis
differentiate as one to few layered pericycle. Pericycle is a very interesling tissue. Itis
parenchymatous and possesses potential to regain the abilily 1o divide once again. [t
can associate itself in the formation of vascular cambium, cork cambium and lateral
roots. The cells of pericycle are normalily diploid and are sometimes, referred to as
pericambium.

Origin of Lateral Roots

The primordia of lateral roots are generally formed in the pericycle. The endodermis
may also participate in the formation of such primordium ¢.g., in ferns and other
pteridophytes. The origin of lateral roots is thus endogenous i.e. from deeper
lissues. v

R

The cells of the pericycle initially divide periclinally (i.c. new cell walls are formed
parallel to the surface of the root). Further cell divisions are bolh periclinal and anticlinal.
Subsequently, the cells of the endodermis also divide to keep pace with emerging lateral
root primordium. The group of cells thus produced develop and organize a new root
apical meristematic zone. This zone resembles the apical meristem/root apex of the parent
root. Such a new root now formed pushes through endodermis, cortex and epidermis of
the parent root in lateral direction and ultimately emerges out. During this emergence, the
lateral root displaces and/or destroys the cortical cells.

The position at which the prospective lateral root is initiated is very much distinct in
relation to xylem and phloem of the parent root. In diarch roots, they usually occur
between xylem and phloem, in triarch and tetrarch roots they develop opposite to
protoxylem and in polyarch roots they originate from cells opposite to protophloem (see
fig. 8.11). In aquatic plants, the Jateral roots are formed close to the root apex. Ong of the
essential factors for the development of lateral roots is probably auxin. It specifically
stimulates cell division in certain regions of the pericycle.

Secondary Structure:

Usually the taproot and the main lateral roots of gymnosperms and woody dicotyledons
and, rarely, the smallest root branches develop secondary thickenings. In hétbaceous
dicotyledons, however, the secondary growth may be absent or is negligible, eg.
Raminculus, or well developed as in Pisum and Cicer. Monocot roots do nol develop
secondary struclures.

Rool; Stenpand Leal
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Flowering Plants The process which Ieads to the development of secondary structures and formation of

secondary tissues s called secondary growth. The initiation of secondary growth in the
roots is quite distinct from the one encountered in stems which you have already studied
in LSE-06 in Unit |0. * '

Let us now look at the events which lead to the mnitiation of secondary growth in a
typical dicotyledonous root. As mentioned earlier in this chapter, the primary root does
not possess any vascular cambium. However, certain procambial cells lying below the
metaphioem (as seen in C.S.) or parallel or inner to metaphloem (as seen jn L.S.)
remain undifferentiated. Initiation of secondary growth starts from these cells which
differentiate into vascular cambium (see 8.12 a,b). The number of such isolated _
vascular cambial strands is two, three, and four in diarch, triarch and tetrarch roots,
respectively. Polyarch roots, characteristic of monocotyledons only, do not undergo
secondary activity. Once formed these vascular cambium meristems divide periclinally
to cut off cells on its either side. Thus at this stage the secondary tissues are being
formed albeit in patches. ' :

In next event, the pericycie elements lying opposite to protoxylem differentiate
into vascular cambium (Fig. 8.12 ¢). The number of such patches (vascullal_'
cambium of pericyclic origin) again corresponds to the number of protoxylem
points. -

Very soon thereafter, the vascular cambia produced beneath metaphloem and above
protoxylem join at several points to form an undulating cambial ring (Fig. 8.12 d.e).

Later, this ring assumes a circular outline (see Fig. 8.12 1), N

Secondary
Cambjum Phloem
Cork (Phellem)
Cork cambium

(Phellogen)
Phelloderm

3rd year
Vascular
ray

bt

=

(=9
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(1]

&
Secondary xylem

Remanent of '.

primary phloem =

Secondary xylem
Primary xylem

.- Fig. 8.12: Dingrammatic representation of sccondary growth in a typical dicatyledonous root. 5) Primary

rool. b) Beginning of sccondary Helivity, ¢ and d) Old roots showing development of sccondary
lissue. -

The tissue cut off by the vascular cambium towards outside is calied secondary phloem
and the one cut off towards inside is secondary xylem. The general pattern of the
composition, development and structure of these secondary tissues is similar to the one
observed in stem which you have studied in quite detail in Unit 10 of LSE-08.
Interestingly, in roo1 even after secandary growth, the primary xylary elements are not
lost (Fig. 8.13). R
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Intercellular
air spaces

Pericycle

Primary xylem

Fig. 8.13: Cross section of the secendary rool showing primary xylary lissues.

Periderm

In herbaceous dicotyledons where secondary growth is very little or meagre, the tissues
outside the stele remain intact, and an exodermis may develop beneath the epidermis that
provides mechanical strength.

However, in woody dicotyledons the prolonged and sustained activity of vascular cambium
results in enormous amounts of secondary tissue, especially secondary xylem. This addition of
tissues increases the girth of the root. This increased volume puts pressure on the outer primary
tissues such as cortex and epidermis. Before these tissues are sloughed off, they are replaced by
a more efficient, protective covering tissue, the periderm. The details of periderm structure
and development, you have already studied in Block II, Unit 10 of LSE-06. Periderm in root
mostly originates in pericycle. However, the origin of periderm from cells outside the stele has
also been reported. The root periderm may form, at places, lenticels for good aeration. Once a
periderm is formed, the primary tissue beyond it is sloughed off.

In roots of certain families of angiosperms such as Hypericaceae, Myrtaceae, Onagraceae
and Rosaceae, the periderm is made up of two types of cells, suberized and non-
suberized. Single-layered suberized cells are sandwiched between multilayered non- -
suberized cells. Such a periderm is called polyderm.

-SAQ2
Choose the correct alternative from the ones provided within parentheses.

a)}  Aerial roots of orchids possess (single/multi-layered) epidermis.
b) The cells which differentiate into root hairs are known as (protoderm/trichoblast).
¢) The cortex in aroot is (single/multi) layered.

d) Conspicuous (schizogenous/lysigenous)intercellular spaces are very common in
root cortical cells. “

e) Specialized, suberized and protective layer just below the epidermis in Phoneix, and
Citrus is termed (endodermis/exodermis).

f)  Casparian strips are characleristic of (epidermis/endodermis}. -

g)  The first elements of xylem that mature in a root are known as (metaxylem/ protoxylem).
h) Pith is most conspicuous in a (diarch/polyarch) root.

i}  The lateral roots have (exogenous/ endogenous} origin.

j)  Statoliths are present in (root cap/phloem) cells.

Root, Stem asnd Leal
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Comparison of Primary #nd Sccondary Structures:

In the preceding section you have studied the general outline of angiosperm root structure
and organization. However, within this common framework we find that the roots of
dicotyledons and monocotyledons on cone hand and the primary and secondary roots on
the other have certain features characteristics of themselves only. Given below are two
lables highlighting the comparative features of the same;

Table 8.1: Comparison of structure of a primary dicotyledonous and a

monocolyledonous root.

Dicol root

Manocot rool

Epidermis
Thinfthick walled
Cortex

Mostly parenclhiymalovs, sometimes
ouler cells selerenchymatous

‘Vnscular bundles
Diarch 10 hexarch

‘-P£ricycle
o R Gives risc 10 lateral roots, vascular

cambium and cork cambium

- Cambium

Develops later 1o produce secondary
tissue

Pith
Small or absent

Relatively thick walled

Peripheral cells gencrally thick walled: often
sclerenchymatous

Oflen polyarch

Praduce only lateral roots

Absenl, even in Lhose whose slems show abnormal
secondary acriviry

Large and well developed

Table 8.2: Comparison of structurc of a primary and a secondary root.

I'rimary root

Secondary roat

Epidermis
Cuticle thinfabsent. Hair uniceHular and simple.

Cortex

Generally parenchymalous, not much
differentiated but with prominent intereellutar
spaces; may perform storage funclion.

Endodermis
A complete ring with casparian bands and with
passage cells.

Pericycle
Single/few layered, parenchymatous

Vascular bundles '

Radinl sicle, 1-6 xylem/plilocm sirands,
protoxylem and protophlocm exarch, (cenlripetal
development)

Pith
Small or absent

Vascular cambium
Absenl

Secondary xylem
Absent

Sccondery Phloem
Absent .

FPeriderm
Absent

Lenticels
Absent

Epidermis may be completely sloughed ofl.
May get complelely sloughed ofl.

Usually not discernible.

Diflerentinte into vascular cambium, loses its identity.

Radial arcangement lost; Primary phloem obliterted;
primary xylem retained cven afler extemnsive secondary
prowth. Secondary tissue cut off both centripetally and
centrifugally,

Absenl

Originates in patches, forms coniplete ring; functions
prominently

Cut ofT by vascular cambium towards inside
centripelally; ance formed retained for ever: has axial and
ray system. conducls waler, minerals, provides sirengih,
very larpe.

Cul olT by vascular cambium towards outside
centrifugally: fragile, accumulaies marginally, older part
degenerates; has axial and ray systems; conducts organic
mclabolites.

Formed after the activity of vascular cambium, replaces
¢pidermis,

Prolcctive in funclion. May be formed by phellogen.
Helps in gaseous exchange.
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Fig. 8.16: Transverse scctions of storage root of Besr wilgaris showing growth rings. In b u portion of a is
magnilicd,

In sweet potato (/pomoea batatas) an irregular shaped fleshy food storing root is formed.
To begin with normal secondary growth takes place. Then the cells around any vessel or
vessel group form a ring of vascular cambium. Such a cambium produces more and more
of secondary xylem parenchyma. This process is repeated many a times resulting in an
irregular outline.

Water Storage Roots

-

Such roots are adapted to xeric conditions. The modifications are the development of
succulence. The parenchyma cells become large and store water. A thick bark develops 1o
prevent loss of water from inside. Sclerification of cortical cells provides strength to the
root.

Acrial Roots

Roots produced from stem or a branch that remain frec in the air are called acrial roots.
They are reparted mostly from a diverse group of tropical plants viz: Ficus spp.. epiphytic
tropical Araceae and Orchidaceae. When these roots touch soil, they serve as prop Toots.
If they allach to some solid substratum, they are called climbing or adhesive roots. The
adaplive Features of such roots include photosynthetic ability. In orchids the roots possess
multilayered epidennis, the velamen (see fig. 8.17). The cells comprising velamen are
dead, possess band-like thickened wall and are filled with air when the air is dry. The
innermost cell layer of velamen is iermed exodermis. The smaller, thin-walled cells of
this layer are called passage cells.
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QAL O Exodermis
Passage cell
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Fig. 8.17: Root of an orchid. a) Transverse section of roal {diagrammn'lic). b) Yelamen with exodermis
{enlarged). c) A portion of the rool in (ransverse section.

Pneumatophores

They are also known as breathing roots (see fig. 8.18 and 8.19). They are found in plants
growing in marshy places with scant oxygen eg. mangroves. Unlike normal roots, they
grow vertically upward thus becoming negatively geotropic. They absorb oxygen from
the atmosphere through specifically located lenticels at the tips { €.g. Avicennia). The
peripheral cells develop as cork. The cortex shows well developed intercellular spaces. In
a cross section (Fig. 8.18) you can see that the narrow stele is surrounded by a very wide

aerenchyma produced by phellogen (e.g. Rhizophora).

Horizontal
norinal root

Fig. 8.18 : Pneumatophores. a) Pneumatophores at the base of a mangrove tree. b} Section through safl
showing origin of pneumatopheres. -

Root, Stem and Leal
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Fig. 8.19: A portion of a breathing rool in transverse sectiom.
Contractile Roots

The cortex of the root is usually sloughed off soon-after secondary growth. However, in
certain herbaceous dicotyledons and many monocolytendons, the cortex has a prolonged

life and undergoes many changes at maturity. One such change is the wrinkling of root
surface. Roots with such wrinkles are called contractile roots. Such roots occur in .
Daucus, Medicago, Oxalis, Trifolium, Altium, Gladiolus, Crinum, and Nareissus. . '

The contraction of root occurs in various steps and by different methods. It could be by
vertical shortening and radial extension of cortical parenchyma cells (starting with outer
cortex and extending radially towards interior of cortex). Gladiofus, Crinem and
Narcissus follow such pattern.

In the roots of Oxalis and orchids, transverse dises of cells collapse and get crushed
longitudinally by the layer of turgid cells placed above and below. Repeated collapses
like this result in wrinkling (Fig. 8.20).

Secrelory
cells

Turgid cells
of the cortex

Collapsing
cells of
the cortex

“Tracheids

Fig. 8.20: A portion oflongiludir}nl seclion of contractile voot of Oxalis firra showing turgid nnd
74 cillapsing cells of the cortex {Adapted from A.J. Davey. Ann. Bot. (N.S) |0, 1946).
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Buttress roots (Fig. 8.21) are common in many tropical trees. They are found at the base of
trunk. They are produced by the bases of main roots in which secondary thickenings are
assymmetric (more thickenings on upper side) resulting in board or plank-like structures.
Internally, the wood is found better suited for support rather than for the conduction of water.

Haustoria Rooils

Parasitic angiosperms develop special structures called haustoria. They connect the
parasite to the host forming a channel for nutrient flow. There are two kinds of haustoria;
primary and secondary. The haustorium is termed primary when the rool apex directly
functions as the haustorium. When the haustoria arise laterally along the root they are
termed secondary. Let us study the haustorium structure of Cuscuta.

Fig. 8.21: Buttress roots of Erfedendron aufractiiosum [Ad:'lpled from a photograph in Mclean and
Tnimey-Cook 1957},

Cuscuta has only a ephemeral rool at seedling stage. The seedling has no leaves and the root
soon withers. The thread like stem twines around the host and develops many haustoria.

. The stem of Cuscuta (dodder) has four cortical layers. The outer two layers develop flat
pads which attach firmly to host epidermis. There at the centre of pad a haustorium
develops out of all the four cortical layers. Soon the haustorium penetrates the host cortex
as elongated cells, called hypha(e). Within the host cortex, these hyphae grow
independently and spread throughout the host tissue. Ultimately, hyphae make contact
with host vascular system. Then, the vascular strands of the host and the parasite make
contact, The channel is finalized (Fig. 8.22). '

Xylem

b

Fig.8.22: Hautarial connection of parasite with hest - Cuscuta on Bidens, 2) Cross section of stem of haosl,
oblique section of stem of parasite, and longitedinal section of haustorium penetrating host as
far as the vascular tissues. b} Delail of haustorium and surrcunding lissues. The vascular tissucs 75
of parasite makes conneclion with those of losi.
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Normal ceils
of root cortex

- forming a structure called arbuscule,

Mycorrhiza

The epidermis and cortex of the root of many plants are often associated with soil fungus.
The association between the fungal hyphae and the roots of higher plants is called
mycorrhiza (Fig. 8.23). Usually, this association is symbiotic. Both the higher plants and
the fungus derive benefit from such association. There are two kinds of mycorthiza:
ectomycorrhiza and endomycorrhiza.

Arbuscule

. Inlellcellular
a
Harting net l hypha b

Fungal sheath

Fig. 8.23: Diagrams ol mycorrhlzae. a) Ectomycorrhiza based on a micrograph of Meyer (1973). b)
Endomycorrhiza based on a micregraph of Cox and Sanders (1974).

Ectomycorrhiza: In this association, the fungus produces mycelium on the root surface.
The hyphal strands penetrate the root between the cortical cells and form a net (Hartigs
net). It is common in roots of several trees such as Pinus, Abies, Cedrus, Quercus,
Populus, Fagus, Salix, Encalypius and Betula,

Endomycorrhiza: In this association, the fungus forms an inconspicutous mycorrhiza on
the root surface but invades the interior of root cells. Roots of Orchidaceae, Ericaceae,
Acer and Liriodendron have such an association.

Detailed observations with electron microscope show that in the endomycorrhiza the
plasmalemma of the host cells surrounds the individual branches of the fungal hyphae,

The endomycorrihizae involving nonseptate fungi are preponderant type, and possibly
upto eighty per cent of all terrestrial plants have such association. These are called
vesicular - arbuscular mycorrhizae or V A mycorrhizae because once the fungus
penetrates the host it produces characteristic vesicles and arbuscules.

The host root gets nutrients from soil through fungus and the host provides the fungus
with carbohydrates, amino acids, vitamins and other substances. The host cortex cells do
not consequently store any starch. It is found that because of mycorrhizal association the
host is less susceptible to drought,

Root nodules

Association with bacteria occurs commonly in the roots of the family, Leguminosae and
non- leguminous trees such as alder, sea buckthorn. The swellings on the roots caused by
sich an association are called nodules. The nodules are formed following the penetration

- of nitrogen fixing bacterium, Rhizobium sp. into the root cortex via the root-hair. After

infection, the bacteria enter the epidermis and then cortex forming a bacterial thread.
These bacterial threads then become enclosed in a sheath of gum-like material. When the
thread penetrates deep inside the root, it causes proliferation and induces cell division in
the cortical cells. This interior region is called bacteroid zone. At this stage, the bacteria
are released from the thread and the nodules resemble the primordia of lateral roots. With
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enlarging nodular size, the epidermis of the host root is broken but the nodules do not
emerge out of the root. The cortical cells, however, divide and stretch to provide enough
space for the enlarging nodules.

Root endodermis
-Reoot xylem

Root cortex

Meristematic zone

Bacteroid zone

A ‘ “ Xylem of nodular bundle
------ Endodermis of nodular bundle

Nodule endodermis

Fig. 8.24: Disgrammatic representation of leguminous reat and nodule. {(Adapted from Bond. 1948)

By the time the bacterioid zone is established, the branches of the root vascular tissue
surround it. Each of these vascular bundles has a parenchyma sheath and a layer of
endodermis. The parenchyma sheath cells may develop a few cell-wall proliferations
(resembling those of transfer cells) (Fig. 8.24).

SAQ3
Match the contents of columns A and B

Column A Column B
a) Succulence Nodule
b) Velamen Mangroves
c) Pneumatophores - Aerial roots of orchids
d) Thick fleshy roots Mycorrhizal roots
e) Parasitic angiosperm Food storage roots
) Fungal association ‘ Waler storage roots
£) Bflcterial association Haustarial roots,
83 . STEM

The aerial parts of a vascular plant consists of an axis, the stem. It bears lateral organs,
The erect stem usually is orthotropic. It could also be decumbent (growing or drooping
downward), or plagiotropic (showing horizontal growth). The laterals are of two kinds:
(i) the leaves with limited/determinate growth, and (ii) the bud with unlimited/

indeterminate growth. The leaves are usually dorsiventral; buds, however, possess radial -

symmetry. The stem together with laterals, the leaves and buds, constitute the shoot (see
fig. 8.25). The portions of the stem at which leaves occur are called nodes. The leafless
portion of the stem in between any two consecutive nodes is termed as internode.

8.3.1 Shoot Apex

Both the axis and the laterals in a shoor system owe their origin to one or a group of cells.

Since these cells occupy the terminal/apical, most portion of the axis, they are called -
shoot apical initial(s). Shoot apical initials along with their immediate derivatives
constitute a shoot apex.

Root, Stews and Léaf
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Floral bud Reproduction
Leaf

Food synthesis
Branch stem Y 7 transpiration
. respiration
(in part)
Node T
X miernod
Branch trace ./ % - [No‘de A ¢
Leaf trace T g](_l{)zr:] ------------- Conduction
-+ Cortex
JT— Pith
S-J ——-Stem e mmmm—e—————— Suppun
21060 system conduction
4—Epidermis

Rool syslem

Fig. 8.25: Ground plan of inc shoot systcm.

Shoot apical meristem organization

The shoet apical meristem is estabiished in the developing embryo. It thereafier
undergoes considerable cltange in s:ze, shape and rate of growth.Such changes
take place throughout the life o1 a plant. Shoot apical meristem, thus, is regarded
as a vital, dynamic, ever-ru.nging growing system. These changes are cyclic,
and are more pronouncea especially during the initiation and formation of a leaf
by shoot aptcal meris' ‘m. During one cycle (also referred to as plastochron), the
shour apical merist.. attains a minimum and a maximum area. These
currespond to early and late stages of leaf initiation.

»noot apical meristem thus contributes to the formation of shoot system. The
region of a shoot apex, distal to the youngest leaf primordium, is regarded as the
shoot apical meristem.

The width and shape of shoot apices may vary in different species. In
general, cycads, cacti and some ferns have large shoot apices (see fig,
8.26). -

Apart from forming stem and leaves, the shoot apical meristem may also
give rise to a variety of other structures. We will discuss them in section
8.3.6.

Theories of shoot apical organization

Kaspar Friedrick WolfF in 1759 was first to recognise the importance of shoot apex.

‘Since then a number of attempts have been made to describe and interpret the
structure and mede of growth of shoot apical meristem. Some of the well known
theories are: apical cell theory; histogen theory, and tunica corpus theory (see

fig. 8.27).




Shoot apical

Foliar

Primordial
internodes
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Fig, 8.26: Different shapes of shoot apices, a) Dome shape, by Conlcal abape, ¢} Parabolic shape, d) Flat
shape, e} Elongated shape.

Derivatives of the
apical cell

Dermatogen
Apical cel]

Plerome

Fig. 3.27: Dillerent thcories of shoot apical meristem arganlsation, a) Apical eell theory, b) Histogen
theory, ¢) Tunica corpus theory.
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Apical cell theory

Apical celt theory was proposed in the mid-nineteenth century by C.W. Nigeli. Many
cryptogamic vascular plants possess a single tetrahedral apical cell in the shoot apex. This
single cell was suggested to be the originator of all the cells in the shoot sysiem, hence the
name, apical cell theory. This theory envisaged similar situation in alf the vascular plants.
When it was realized that such a siluation does not exist in most higher plants, the theory
lost its relevance.

1
'
T

Histogen th.eory 'L=
J. Hanstein in | 868 proposed this theory. According to him the shoot apex in higher vasci:
plants consists of a central core of irregularly arranged layers covered by a variable numb¢

of mantle-like layers. A single or a group of initial gave rise to each of these layers. These,
layers are arranged in tiers in the apical meristem. He termed these layers or histogens as v
dermatogen, periblem and plerome (see section 8.2.1). The drawback of this theory is th]
atlempt to assign specific destinies to the derivatives of the histogens.

Tunica-corpus theory

Proposed by A. Schmidt in 1924, the tunica-corpus theory has met with relative wider |
acceplance. It is primarily based on the plane of cell division in the cells of the shoot apex:
Accordingly the shoot apex comprised of two regions: the tunica and the corpus. The
tunica consists of one to few layers of cells where walls are laid in an anticlinal plane. Th;
corpus, on the other hand, has a central core of cells in which cell divisions occur in all |
planes. At sites of leaf primordia formation, the tunica may divide periclinally. 2

Apical initial group

N

“——~——"" Flank meristem

Rib meristem

Central mother

cell zone
(CMZ)

Mantle layer

Central

mother |
cell zone -
o (core)

Cambiun
like zone

- Periphe;
merister

Rib meristem

Promeristeme
Sporogen® - L meristeme d

Promeristeme
receptaculaire

Anneau;
nitial

VAT IN S
L I I

4 I =i=0_17

Meristeme medullaire !

c

Fig. 8.28: Shoot apex and its growth centres, a) Schematic representation of the shoot apex of Ginkgo
biloba to show cytohistological zonatien. b) Scliematic represcntation af growih ef shoot apex of
a dicotyledon interpreted in terms of the mantle-core concepl. Arrows indicate direction of
growth. ¢) Schemaltic representation ol growth of shool apex of 4 dicatyledon interpreted in
terms of anneaw initial and meristeme d'attente coneept. (Apapted from R, Buvat. Annls, Sci.,
nat. (Bor) 13, [952),
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Continuing meristematic residue Root, Stem and Leaf

LV, Newman (1965) suggested that perhaps no cell(s) in the shoot apex are permanent
initials. Over a period of time a sequence of meristematic cells function as initials. These
constitute ‘continuing meristematic residue (c.m.r.). The products of these temporary
initials comprise general meristem.

A.S. Foster (1938), Plantefol (1948), Popham and Cham (1950), Buvat (1952}, besides
others have also proposed different shoot apical organizations. There is no unanimously
acceptable theory shoot apex organization (see Fig. 8.28).

SAQ4

Fill in the blanks with appropriate word(s):

a)  A.Schmidt in 1924 proposed ...........coiiiiinin ]

b) The cells of tunica are characterized by the .......................... cell divisions.

c) The shoot apical meristem is often regarded as that zone of shoot apex which is
veeeeemeees L0 yOUDgest leaf promordia.

d) The importance of shoot apex was first recognised by ....oieiienieeneieiecans

€} The lateral of unlimited growth in a shoot system is known as .......cceeereevececeecrceein

f)  The site of shoot apex where a leaf primordium originates is called a

g) Cacti, cycads have largest ..............c.ccouurrn ., @pical meristems.

8.3.2 Primary Structure ;

The primary stem possesses three fundamental tissue systems: dermal, vascular and
ground tissues. These are formed from protoderm, procambium and ground
meristems, the three important derivatives of shoot apical meristem.

Dermal Tissue

The stem is bounded by an epidermis which is a layer of closely arranged, thin-
walled achlorophyllous living cells. In plants, that occur in water or deeply shaded
habitat, the epidermal cells may possess chloroplasts. The outer wall of epidermal
cells is covered with cuticle. Photosynthetic stems bear stomata in their epidermis.
Various kinds of trichomes may also be present. Details of epidermis have already
been discussed in section 7. :

Ground Tissue

All the cells of the organ other than those in epidermis and vascular tissue are regarded as
ground tissue. In the stems of gymnosperms and dicotyledons, the ground tissue can be
demarcated into cortex and pith (medulla). The former lies in between the epidermis and
vascular tissue and the laiter occupies Lhe centre. In siems of monocotyledons, however,
there is no real distinction between cortex and pith.

Cortex: Cortex comprises many layers of cells which are primarily parenchymatous.
However, in many, especially younger, growing stems of dicotyledons the outer few
layers (i.e., below the epidermis) arc differentiated as collenchyma [you recall that
collenchyma serve as tissue for mechanical sirength in growing organs). This
collenchyma can either form a continuous cylinder (eg. Helianthus, Safvia) or more
commonly occur as bands in projecting ribs (eg. Umbelliferae, Cucurbitaceae). These
peripheral layers may contain chloroplasts to carry out photosynthesis. Such tissue is
termed chlorenchyma, Apart from collenchyma, the strengthening tissue or
sclerenchyma (usually fibres) may occur near the periphery of stem. especially in the
monocotyledons.

In many plants such as Caswarina, Capparis, Cystisus. and Asparagus which
have much reduced leaves, the major photosynthetic funclion is taken over by

the stem. ] |-
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The cells of the cortex may contain starch (eg. most young stems), crystals (eg. Ricinus,
Colocasia), sclereids (eg. Trochodendron), or these may be rich in oleoresins (eg. ~
Zingiber) or may secrete oil (eg. Helianthus).

The innermost cell layer of ortex is termed endodermis. It may not be as
conspicuous as in the roots. It is often not discernible in acrial stems; however, it is
very conspicuous in Piper stem. In cortex of underground stems, endodermis is well
developed. ’

In young stems of certain plants (eg. Ricinus, Phascolus), the innermost cortical layer has
abundant starch grains and is called starch sheath (see fig. 8.29),

Pith: The central portion of the stem, the pith is parenchymatous. Qccasionally it may
be lignified. It is very conspicuous in the primary stems of gymnosperms and
dicotyledons.

Vascular Tissue ;

There is a lot of variation in the arrangement of vascular tissue in stem. In
dicotyledons, the vascular tissue develops in the form of complete or broken cylinder
between cortex and the pith. When broken, this cylinder has many individual discrete
bodies called vascular bundles. In between vascular bundles is present interfascicular
parenchyma,

Tracheary
Phloem fibres  ppipen  €lements of secondary xylem

Cortical parenchyma

Fasicular cambium
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Fig, B.29: Portion of a cross-scction of a well-developed hypocotyl of Ricinus showing strach grains.
(Adupted from Palladsin, [914),

In contrast to root, where xylem and phloem altemnate, in the stems, the xylem and phloem
differentiate and Iie on the same radius. The phloem differentiates outer side (cpidermis)
and the xylem towards inner (pith) side. Such vascular bundle is called collateral (eg.
Helianthus, Ranunculus). When phloem differentiates on either side of the xylem, the
vascular bundle is bicollateral (eg. Cucurbita). When in a vascular bundle xylem surrounds
phloem completely, it is called amphivasal (eg. Cordyline, Acorus, Dracaena).
Amphicribral vascular bundles are those in which phloem completely surrounds the
xylem. They are common in many pteridophytes. (see fig. 8.30).

When in a vascular bundle cambium differentiates and occupies position in between
xylem and phloem, the vascular bundle is termed open (Fig. 8.30 a, a'}. A vascular bundle
without a cambium is called elosed (Fig. 8.30 b, b'). Amphivasal and amphicribral
vascular bundles can be both open or closed. In bicollateral vascular bundles where both
outer and inner cambia are present, it is only the outer cambium (between xylem and
outer phloemy} that is functional (Fig. 8.3C ¢, ¢").
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' Ouler cambium ¢y, 00r phloem

B Inner cambium™  Inner phloem
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Cambiurn Phloem Outer cambium

Fig. 8.30: DifTerent types of vascular bundles. Collateral {a and b, 2° and b'); Bicollateral {c and ¢'):
amphivasal {c and ¢'): amphicribral {d and d'}. 7

In the stems of monocotyledons a large number of closed vascular bundles are
seen scattered throughout the ground tissuc. The xylem elements may form the
letter Y,V or U (see Fig. 8.3[}). The protoxylem in many of these vascular
bundles gets disintegrated as the organ matures. It leaves behind a protoxylem
cavity/canal/lacuna.

In monocotyledons, the vascular bundles may be capped or encircled by a band of thick
walled sclerenchyma fibres.

Only those stems which possess open vascular bundles can undergo secondary
thickenings.

8.3.3 Secondary Structures

Most stems increase in their girth by secondary activity. Such aclivity is common in
gymnosperms and dicotyledons, and is brought about by two kinds of lateral
meristems; the vascular cambium and the eork-cambium. As a result of the
secondary activity by the former the diameier of the stem increases considerably.
Because of such increased girth, the primary tissues such as epidermis and cortex may
be partially or completely sloughed off. 1t may also result in partial or complete
obliteration of pith. Epidermis when sloughed off is often replaced by another
protective cover, the periderm {formed due to the aclivity of cark-cambium). Since
you have already read in detail about vascular cambium and cork-cambium and their
activity in Unit 10 Block 2 of LSE-06, thesc arc not being discussed here. Look at the
diagram in figures 8,32 before reading this section.

Sccondary xylem

The secondary xylem is charaterised by the presence of two systems; axial (vertical)
and ray (horizontal). Together tliey constitute tlic wood of commerce. The secondary
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Xylem has similar components as are present in primary xylem: xylem fibre, xylem
parenchyma and tracheary elements. Comparison of two is available later in the section
(8.3.4).

Tracheary elements A A &gz Protophloem Sclrenchyma
Scierenchyma ' : ]

Protoxylem elements

Sclerenchyma

Fig. 831: Croas-sections through the vascutar bundles of different types. ) Xenthorrhoea leaf showlng V-
shaped xylem. b) Kimgla stem showing U-shaped xylem. ¢) Y shaped xylem in Zea stem.

Wood: It is the product of vascular cambiurm. 1t is classified as softwood (of
gymnosperms, principally conifers), and hardwood (of dicotyledons). The chief
difference is the absence of libriform fibres in softwood. The softwood consists largely
of tracheids, but hardwood contains mostly vessels. They are also called non-porous
and porous wood respectively. In hardwood, when the vessels are produced regularly
and are distributed uniformly as in Acer and Befula, the wood is called diffuse porous,
However, when the diameter of the vessels in certain part of the year/season is larger
than at other time, the larger vessels appear arranged in distinct rings, as in Qnercus,
Fraxinus and in other temperate trees, the wood is known as ring porous. The region
with larger vessels is termed early or spring wood. The portion where vessels are with
smaller diameter, is called late or autumn wood. You have already read in detail about
all the aspects related to secondary growth in Unit 10, Block 2 of Developmental
Biology (LSE-06).
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Fig. 8.32: Schematic represcntatian of the stages ol secondary growth in a typical dicotyledons stem,

cross section of 3 years old stem is shown in d. {Adapted from R.M. Holman and W.W.
Robbins. A Text-Book of General Botany, John Wiley & Sons, Inc., New York, 1934).

Primary xylem

The wood parenchyma in the vertical system is classified on the basis of its position (see
Fig. 8.33). Paratracheal parenchyma is associated with tracheary elements as seen in
cross section. Apotracheal parenchyma is not associated with the tracheary element.
When this parenchyma is produced at the beginning or at the end of the season, it
occupies a distinct position and is termed boundary parenchyma,

In old stem, the wood seems to be demarcated into two postures. The peripheral,
relatively smailer zone, lighter in shade is called sap wood and it comprises the portion
that is still active. The older, central, massive and accumulative, darker and
physiologically inactive wood is‘termed heart-wood.

In woods of Quercus, Robinia and teak (Tectona grandis) among others, the protoplasts
of the parenchyma cells adjacent to vessels in the heart-wood penetrate and fill the ce)l-
lumen. Such an intrusion is called tylosis. You should also read Unit 10 of Block 2 (LSE -
06} to get a better idea about formation of tyloses,

U!O
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a b c

Fig. 8.33: Distribution of parcnchyma in wood, a) Apotracheal, b) Paratracheal, ¢) Boundary. (Modilied
Irom K.R. Rao and K.B.5. Juneja. A hand book for fictd identification of filty important
timbers of Indin, The manager of Publications, Govt. of India, Delhi 1971) 85
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owering Flants The horizontal system of the wood comprises rays (vascular or xylem rays). They can be

best studied by cutting T.S. (Transvefse section), T.L.S. (Transverse longitudinal sectio-
and R.L.S. (Radial longitudinal section) of the wood (sec fig. 8.34 and 8.35).

TR T —— T

————
]

bty o

L

e

Fig. 8.34: Block dingram of the cambium and secondary xylem of Fhuja occidentalis L. (White Cedar).
Example of gymnosperm {conifer) wood. The vertical system is composed of tracheids and a
small amount of parenchyma. The horizontal system consists of law, uniserinte rays composed
of parenchyma cells.

The rays may be uniseriate (one-cell wide) or multisereate (several cells wide). This
feature is best observed in T.L.S. The rays may be homoeellular (homogeneous) if they
have all the cells similar in kind or heterocellular {(heterogeneous) if they have more than
one kind of cells. All the cells of homocellular and most of the cells of heterocellular rays
are elongated in radial plane. They are called procumbent ray cells. Less common but
vertically elongated ray cells are known as upright cells. They are present usua!ly on the
margins of the heterocellular rays. The function of the rays is horizontal transport.

Secondary Phloem

As mentioned earlier, the secondary phloem is produced on the outer side by the vascular
cambium.

It also contains vertical and horizontal systems. The'cell types present in it are similar to
- those in the primary phloem.

Secondary phloem may have significant proportion of fibres in many plants e.g.
Corchorus and Cunnabis.

In most plants as the secondary activily progresses, the older secondary phloem is
replaced by new secondary phloem. Such older, peripheral secondary phloem is called
non-functional phloem. Sometimes, this non-functional phloem may continue to live and
store starch. A characteristic feature of sieve tubes of such a phloem is the formation of

86 definitive callose. '



In Viris and Bombax, the non-functioning sieve tube elements become filled with tylosis-like proliferations
from the neighbouring secondary phloem axial parenchyma. Such invasions are called tylosoids.

Cambium Late wood

. Fusiform initials

T

.;.!5‘- 3

./

e iy A
(o

=

Parenchyma '

tutiptfera L (Tulip Tree).

Fjg. 8.35: Block diegram of the eambium and secondary xylem of Liriodendron
embers

An cxample of angiosperm (dicotyledon) wood. The verlical system consists of vessel m
with bordercd pils in opposite arrengement and inclined end walls bearing scalarilorm
perforation plates; fibre tracheids with slightly bordered pits; and xylem parenchyma strands
in terminal arrangement. The horizontal system contnins heterogencous rays (the marginal
cells are upright, the others pracumbent), uniseriate and hiseriate, of varicus heights.

Bark

The first formed periderm may be replaced by newer periderm. When such replacement
takes place, the latest periderm is always produced inner to the earlier (last formed) one.

This later praduced periderm may have its origin in cortex, primary phloem or even in secondary
phloem. Generally, two types of formation of subsequent periderms may be distinguished:

(i) - Plants where first formed periderm is developed in inner tissue, the later formed
periderms usuatly form an entire cylinder similar to the first formed periderm. Such

plants produce ring bark. .
(i} Plants in which the first formed periderm originates in epidermis or outer layers of

cortex, the later periderms develop in the form of scales or shells. The concave side
of these scales is directed outwards. Such plants produce scaly bark.

Rhytidome: Whenever a new periderm is formed inner to the one already present, the
tissues exterior to it become cut off from the inner tissues, The nutrition and water supply
to them is cut off and such cells eventually die. A kard outer crust develops out of such
tissues. This crust increase in thickness due 1o the additional cork tissue being; produced
from beneath. All such cork layers together with cortical/phloem tissues exterior to the
inner most phéllogen are termed as rhytidome (outer bark) (see Fig. 8.36).

All tissues exterior to the vascular cambium are inciuded in the term bark. The living
part of the bark inside the rhytidome is ofien referred to as inner bark.

Root, Stem and Leaf”
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" are restricted areas usually below a stomata or a group of stomata. The phellogen in these

Periderms

Fig. 8.36: Formation of periderm and rhylidome following the secondary activity in 2 stem.
Lenticels

Lenticels usually occur on stems, young branches, fruits and even roots and seeds. Lenticels

regions cuts off loosely arranged parenchymatous non-suberized cells with intercellular
spaces (termed as complementary cells) on the outer side instead of cork cells. The
phelloderm is formed on the inner side. This structure constitutes a [enticel (see Fig. 8.37).

Complementary
: cells

:._;,Epidermis .

} Phellem

Phe“ogen

p helloderm

Complementary Closing layers
= cells o '

(7

7
;!f

7

i

/i

i
s
=

1%
7

Suberized

Phelloderm cells

Fig. 8.37: ») Young lenticel of Sambncus nigra. b) Mature lenticel of Provsus aviup, ( n Adapted from
Troll. 1948: b. Adapted from Doeurcru, 1954),



Lenticels seem to proirude above the surrounding periderm/epidermis because of bigger size
and loose arrangement of the cells. They are credited with the function of gaseous exchange.

SAQS
Answer the following questions: : -

a) Name three fundamental tissue systems in a primary stem,

~b) Name any three plants where photasynthetic activity is taken over by the stem.

c) Name the tissue which provides the maximum strength to a monocot stem.

d) List various kinds of vascular bundles that are encountered in stems.

-

e}  Give two groups of plants where one encounters closed vascular bundles in the
stem.’

8.3.4 Comparison between a Dicotyledon and a Monocotyledon Stem

Plants differ from one another in their anatomical characters. These characters are not
absolute, Many variations/exceptions do occur. A summary of some distinctive features is
given below: :

Root, Stem and Leal
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Table 8.3: Salient differences between dicot and monocot stem,

Dicotyledon stem

Monaocotyledon stem

Epidermis Distinet with/ without Generalty thick walled,
trichome, stomala, prominent
rarely chlorophyllous .
Hypodermis May or may not be distinct, if Generally present,
present usually collenchymatous sclerenchymatous
Cortex A few to many layered,; The cells following
parenchymatous, may have - hypodermis are not
sclerenclyma differentiated and
extended from hypodermis
to the centre of the axis.
It is known as ground tissue,
(Parenchymatous/
sclerenchymatous)
Endodermis Generally not distinct, mostly
represented by cells, broken Not present
or complete ring
Pericycle Present between the

Interfascicular

protophloem and endodermis,
parenchymatous

A strip of parenchyma between

Not present

Not present

Parenchyma vascular bundles
Pith A large, conspicuous, central Not distinguished
cylinder, parenchymatous, may
be idioblastic sclerenchyma
Vascular (a) Conjoint collateral, open (a) Conjoint collateral;
bundles with éndarch protoxylem. closed with endarch

(b} Many, arranged usuaily in a
ring.

(c) Almost all of them are uniform
in size.

(d) Phloem parenchyma present

(e) Bundle sheath absent, poorly
developed.

protoxylem

(b) Many, scattered
throughout the ground
tissue;

{c) Larger towards centre

and smaller towards periphery

(d) Phloem parenchyma
absent

(¢) Well developed bundle
sheath present.

8.3.5 Specialized Stems

You have by now become familiar with the structure and organization of a stem which
generally grows under normal environmental conditions. However, in a number of plants,
the stem undergoes specialized modification so as to survive the specific unfavourable
environmental conditions. We shall look at some such modifications in this section. In

majority of these plants the modifications, in addition, make the organ a perennating one.

Rhizome: Rhizomes are underground dorsiventral stems or branches growing
horizontally under the surface of the soil (Fig. 8.38). They pdssess nodes and internodes.
Nodes bear brown scaly leaves. It has both axillary as well as apical buds. Adventitious
roots develop at the nodes. Sometimes they may bear contractile roots. Rhizomes are
generally fleshy due to storage of food materials. They grow by an apical meristem which
giyes rise to a shoot. This shoot apex dies very soon and the growth of rhizome is
continued by axillary bud. Such growth is called sympodial.

Two very good examples of rhizome are ginger (Zingiber officinale) and turmeric
(Curcuma longa).
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Presentyear's  Scar of last Scar of year
decaying shoot  year's shoot before last
Apical bud
Present year's | Lastyear's Growth of

year before [ast

Lateral bud

a Adventious root

Scar of

Scale leaf last year's shoot

Root stock

Fig. 8.38: Rhizome. a) A four-year ald rhizome of 2 wild plant. The apical bud will develop next yenr's shoot
while growth will be cantinued by the lateral bud in the direction of the arrow. The stem is,
therefore, sympodial. b) Rhizeme of ginger ¢} Rootstock (vertical rhizome) of Alocasia indica.

Tuber: Tuber is a general term applied to any fleshy part of the olant which may store

food. They may be stem tubers or root tubers. The most comman example of stem tuber

is potato (Solantm tuberosum, Fig. 8.39 a). When a potato is grown from eye buds, the

lower portion of ils stem is covered by soil. Axillary or adventitious branches arise from

this underground part of the stem. These branches swell into tubers due to accumulation of food
substances (mostly starch), and arrest its growth. The tuber grows very slowly, and bears both
nodes and internodes. The nodes are distinguished by the presence of scale leaves (at young
stage) and eyes (rudimentary bud) in their axils. The eyes are arranged spirally and are more
crowded towards the distal end (also called ‘rose end"). The distal end is terminated by an apical
bud. The tuber possesses a corky skin produced by phellogen. Some other examples of plants
which form tubers are: Cyperus rotundus {Weed), vepetable, artichoke (Helianthus tmberosus,
Fig. 8.39 b} stores inulin and Chinese artichoke (Stachys fuberifera) stores stachyose.

Scar of
Scar of Scale leaf Eye

eye bud

a Rose end

Fig. 8.39: Tuber : modified stem. a) Solantia rberosum, by Hediauthies mberosus.

Bulbs: A bulb is 2 modified axis with a much reduced stem {disc} and fleshy scale leaves
growing from it. The disc has a convex or conical shape with extremely compressed
internodes: the nodes produce fleshy scale leaves which store food. At the time of
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flowering the apical bud develops into a scape. Daughter bulbs may be formed from
axillary buds. Adventious roots arise from the undersurface of the disc. Two types of
bulbs are distinguished on the basis of arrangement of the fleshy [caves (see Fig, 8.40).

" Concentric fleshy

Fleshy scale leaf '
scale lcafl

Fibrous &
conlractile
roots

Fig. 8.40: Bulbs - modificd stem, a) Tunicated bulb of onion, b) L.S. of bulb, ©) T.S. of bulb, d) Scaly bulb
' of lily, £) L.S. of scaly bulb, .

(i) Tunicated bulbs: Here, scale leaves are arranged in a concentric manner as seen in
cross section. The whole bulb is covered with dry membranous scale leaves which
form the tunic. Such bulbs are found in onion (4inm cepatulip (Tulpia);
hyacinth (Hyacinthus) and tuberose (Polyanthes) (See Fig. 8.40 a, b,c).

(i) Scaly or imbricate bulbs: The scale leaves are not concentric but are arranged
loosely like a petal of a flower, overlapping each other at the margins. They are not
compact but are covered by a common tunic. Garlic (A/ium sativum) and lilies
(Lilium spp) have such bulbs (See Fig. 8.40d, e).

Corms: Corms are also called solid bulbs. They are much condensed vertical root stocks
with a very large apical bud and some scale leaves. Adventitious roots grow either from
the base or from all over the body of the corm.

Amorphophalius campanulatus corm is a huge condensed internode with numerous
adventitious buds and roots all over its body. New daughter corms are produced by the
accumulation of food at the base of the shoot forming a new internode. Saffron (Crocus
sativus) also bears and grows by corms (see Fig. 8.41).

Daughter

Adventious
root

Fip. 8.41: Corm - modified stem. a} Carm of Crocus with daugliter corms. b L.S. of Crocus corm.
¢} Corm of Amorphophaifus,



Runner, Offset, Stolon, Sucker

Plants with weak herbaceous habit propagate quickly by means of special branched stem
which gives rise to new plants. Here, though the individual plant is short-lived, the colony
is perennial. These modified branches either grow along the surface of the soil or water,
or may be partially or wholly underground.

Runner; Creeping plants such as doob grass (Cynodon dactylon), Oxalis and Fragaria,
form runners. Here, the axillary buds from the lowest leaves give rise to slightly modified
branches. The basal internodes of the bud elongate and horizontally trail along the ground
soil. In this way the bud is carried to distances away from the parent plant. The process

continues (see Fig. 8.42 a).

Offset: Offset are found in aquatic plants. They are also a kind of runner, except that they are
shorter and thicker. Water hyacinth (Eichhornia crassipes) grows by offset (Fig. 8.42 a).
Stolon:It is a special type of runner which does not grow horizontally from the beginning.

At first it grows upward like ordinary branches and then arches down to meet the soil.

After striking the soil daughter plants are formed. Mentha (Fig. 8.42 b) and some

members of Rosaceae bear natural stolons.

Sucker: Sucker is an underground runner which soon grows up and forms a daughter
plant after striking roots. Examples of sucker producing plants are Chrysan{hem um and

Mentha arvensis (Fig. 8.42 C).

Fig. 8.42: Modifications of Stem: a) Runner of Oxalis corniculata. b} Stelon of Mentha sp. ¢} Sucker of
Chrysantfiemum sp. d) Offset of Eicehornia sp.

Cladophyll

They are also called Phyltoclade. They are modifications encountered in xerophytic
plants. The modifications help plant to minimise water loss. The growth of leaves is
checked and this reduces transpiration. The stem becomes flattened or swollen. Tt is
chlorophyllous and serves as a photosynthetic organ. Such flattened or swollen stem
structures are called phylloclade or cladophyll (Fig. 8.43). The flat, fleshy portion is
internode, and the leaves at the nodes are metamorphosed into spines or reduced to small

scaly leaves.

Phylloclades commonly occur in the families Cactaceae, Euphorbiaceae, and in
Muehlenbeckia, Casuarina and Ruscus. Phyllodade possessing only one internode is
termed cladode (eg. Asparagus).

Root, Stem and Leaf
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Leaf spine
‘Phylloclade

Phylioclade

Fig. 8.43: Phylloclade a stem modification. a) Phylinclade of Opuntia b) Phylloclade of AMfueifenbeckia
¢) Phylleclade of Ruscies d) Cladodes ol Asparagus.

Thorns & Spincs

Axillary buds are sometimes arrested and

get transformed inte very hard structures, called

thorns, They are different from spines and prickles. Thorns are very deep seated

struclures with vascular connections and

are & direct prolongation of stem (eg. Carissa

carandas, Prunus, Aegle marmelos:; Fig. 8.44). Prickies are mere supetficial outarowths

on the epidermis whereas spines are inter

mediate forms (tips of date palm leaf segment,

slipules of Acacia). Development of these structures is a Xerophytic character.

Fig. 8.44: Thorns. 1) Branched thorn of Carissa carandas axillary in origin, b) Brarched (horng of
Flacourtin catuphracta. Some of these are not real thorns but mere subepidermal ouigrowths.

) Axillacy thorns of Hygrophila spikos,
thoros of Aegle marmelos.

Tendril

d) Thorns of prune {Prinir) hearing fowers. ¢} Paired

Tendrils are differently modified structures. They help in climbing. Some tendrils are
modified stems, when they develop from axillary buds or the branched tips. In passion

flower, the axillary branches are modificd

as tendrils. In Vitis, the tips of sympodial
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branches are modified as tendrils. 1n Antigonon, inflorescence axis gets modified into
rendri} (Fig. 8.45}).

Apical tendrils

Apical tendril
pushed 10 side

Fig. 8.45: 2) Twips of Vifis quarfrangm‘aris showing apical tendrils which later hecome 1ateral (0pposing

leaves) due to sympodial growth of slem. b) Axillary stem tendril of passion flower. c) Apical
sicm tendril of Vitis.

SAQ 6
(a) Give characteristics of:

(i) Rhizome

(by Givean example of cach of the following:

(1} Runner
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(iii) Sucker

Leaves are lateral organs on the stem. As mentioned earlier, together with stem they
constitute shoot system. They arise due to the aclivity of shoot apical meristem. They are
bome on nodes. Merphologically, it is not very difficult to differentiate a leaf from the
stem. However, the leaf does fulfil a rather specific function for which it js specialized
both structurally and physiologically. Therefore, we shall discuss the structuze of leaf
separately.

The leafis an organ of determinate growth and dorsiventral symmetry. Its flattencd shape
is well suited 1o its photosynthetic function.

Leaves are classified as microphylls and megaphylls (macrophylls). Both lypes of leaves
originate from basically similar primordia at the shoot apex. Microphylis are of small size
because of their failure to undergo any extensive subsequent growth, They occur in
Psilotales, club mosses and some other pteridophytes.

Megaphylls or foliage leaves, as they are better known, are common to flowering plants.
They range from a few millimeters in length to about 2 meters in some palms and
bananas. Floating leaves of Vietoria amazonica (giant water lily) may have lamina 1.83
meters in diameter.

Foliage Lear: A lypical foliage leaf (see fig. 8.46) has got three parts: (a) leaf base; (b)
petiole, the stalk of the leaf, and (c) leaf lamina or blade.

Apex
Margin Lamina
or
Epipodium
Peliole
_ or
Lamina ba.‘se Mesopodium
Auxiltary bud Stipules
Leaf-base
or
Hypopodium

Fig. 8.46: Parts ol'a typical leal.

The leaf base attaches the leaf to the stem. When a petiole is present. (he leaf js called
petiolate. A leaf without petiole s called sessile. There are various kinds of modifications
of leaf bases and petioles. Here we will discuss about the lamina since this is mainly
associated with photosynthesis and gaseous exchange,
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Leaf lamina is normally a flat structure. The upper surface, which faces the axis of the
stem, is termed adaxial. The [ower surface, which is away from the axis, is known as
abaxial. Such leaves are called dorsiventral and are common te most dicotyledons. In
monocotyledons and shade plants the leaf is placed in such manner that both surfaces
receive equal light and there is no difference between the two surfaces. Such leaves are
called isobilateral. The leaves with cylindrical outline are termed centric (ep. onion).

8.4.1 Internal Structure

Internally the lamina of a leaf consists of three basic kinds of tissue: dermal (epidermis),
ground {mesophyil) and vascular (veins). Let us know more about each.

Dermal Tissue (Epidermis)

The epidermis constitutes the dermal tissue of a leaf. Usually a single layer of epidermal
cells is present. However, leaves of Ficus, Nerium, and Piper, show 2 multiple epidermis.
in such leaves adaxial epidermis may have more layers than the abaxial epidermis.
Whenever the number of epidermal layers on abaxial surface is more, a sub-stomatal
crypt is usually present, as in the leaf of Nerium oleander (Fig. 8.47).

Stomata are the most characteristic feature of the epidermis of any leaf. They may be
present on both the sides of the leaf (as in isobilateral leaves) or may be restricted to
abaxial surface (as in most dorsiventral leaves). Rarely, as in the floating leaves of
Nymphaca, the stomata are located only on the adaxial epidermis.

Palisade
Multiple epidermis Druses of Ca oxalate yarenchyma Spongy parenchyma

TIX11
" o 2 A< Edngd
o :l " i 1 LT A M i a: e,
SN2 ' e
@ L]
o ". X
Stomatal Bundle Vascular _}, -
Lower St Trichome
epidermis oma crypt sheath bundie

Fig. 8.47: Vertical section of Neriunt leal.

Epidermal cells do not contain well developed plastids. Plastids are characteristically
present in the guard cells of stomata. Such plastids have only few grana. Phyllospadix,
which grows in sea water, possesses chloroplasts in the epidermal cells.-

Epidermis of many species have trichomes. Both, covering and glandular trichomes occur in
the leaves. Trichomes exhibit a considerable range of form. in certain graminaceous leaves
some of the epidermal cells are modified as bulliform cells. Such cells are hygroscopic.

Epidermal cclls may contain crystals (eg. Tamarix, Plumbago capensis), cystalith of
calcium carbonate {(eg. Ficus elastica), lignin (eg. Quercus, Nerium, Cycadaceae, needie
of conifers): coutchouc (eg., Eucalyptus); silica (eg. Equisetum, Graminaeae,
Cyperaceae); and mucilage (eg. Euphorbiaceae, Malvaceae).

Ground Tissue (Mesophyll)

The ground tissue of a leaf lamina is highly specialized to carry out photosynthesis. The
cells are rich in chloroplasts and comprise the mesophyll. The mesophyll is differentiated
in two kinds of cells, palisade and spongy parenchyma. The palisade cells are
cylindrical and elongatged as seen in vertical section of a leaf. They could be one to few
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wering Flan layered. The spongy parenchyma consists of loosly arranged irregular cells with air

spaces. It is generally present below the palisade parenchyma. In dorsiventral leaves (see
fig. 8.48), the palisade parencliyma is restricted to adaxial surface. However, in
isobilateral leaves, the palisade parenchyma occur on both the surfaces (see Fig. 8.49). In
cylindrical leaves as in Hakea, the palisade tissuc occurs all along the periphery.

Upper epidermis Xylem Phloem Druses of

A Ca oxalate
z = :
'l'l:‘!ﬂ"gji’,g : Paijsade
@) ,"‘ AJ.d tissue
sa e tlsg g tn
a A7
AR
6,0%5.02"&0" [ Spongy
£) ¥ .@ parenchymna
; St - A
Bundle < =
sheath  Trichome | guer epidermis Stoma
Upper epidermis
Palisade
tissue
b
Spongy

Parenchyma

Vascér Stoma Lower epidermis .

bundl Bundle )
A ¢ sheath g

Fig. 8.48: Portions of veriical section of dorsiventral leaves a) Quercis b} Malius

Mesophyll Lower Epidermis

-Bulliform’ cells Trichome

ATl

‘Upper
epidermis

Mesophyll

Lower idermjs bundle
cpidermis sheath  Vascular
Bundle

Fig. 8.49: Portions of vertical section of isobilateral leaves, a) Avena, b) Zeq.




‘A lot of variation is seen in stracture and distribution of mesophyll in the leaves.

Bundle Sheath: in some plants, the cells surrounding the vascular tissue in a leaf lamina
though of simifar origin are morphologically different from adjacent mesophyll cells.
These cells are large and contain fewer chloroplasts. They may be thick-walled. These
cells constitute the bundle sheath (see Fig. 8.50). When these cells extend up to the leaf
surface. then they are called bundle-sheath extension.

Short Long Sclerenchymatous  Bulliform

, Chlorenchyma!
cell cell, yma strand cells

Outer lh e

parenchymatous |, -- )
layer of ‘t‘;‘:
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[ )
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sheath .@&20’%0;‘&;‘ ﬂ'ﬂ'aga
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Bundle sheaths

Fig. 8.50: Partions of vertical-sections of grass leaves. n) Desnarostachya biplnnata in which the bundle
sheath consists of two layers, the outer parenchymatous and the inner sclerenchymatous.
b} Hyparrhenia hirta in which the bundle sheath consists of a single layer of chleroplast-
containing cells.

Whenever the bundle-sheath cells contain starch, these are termed as starch sheath.
When they possess casparian strips, they form an endodermis.

The bundle sheaths are very conspicuous and well studied in C; plants. Studies with
eleciron microscope reveal that the chloroplasts in the bundle sheath cells of Amaranthus
edulis and Atripiex lentiformis, are large and have grana and abundant starch grains.
Fewer and smaller starch grains are reported in the mesophyll cells of the same leaves.
Chloroplasts in bundle sheath cells of tropical gra'sses, however, have little or no grana at

maturity.
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Vascular Tissue

The vascular tissue of a leaf is in continuation with that of the stem on which they are

Ginkgo leaves have open dichotomous borne. Each leaf receives from one to many vascular traces from the stem. The [races may

{repeatedly forked) venation
resembling two relic penera of
dicotyledons Kingdonia and
Circaeaster.

100

continue unbranched throughout the entire length of the leaf or may alternatively branch
or even anastomose. The vascular bundle of a leaf is called a vein. The ramificaion and
the network of these veins in a leaf is called venation. Lower vascular plants have
dichotomous venation (eg. fern leaves). Venation is reticulate, net-like in dicotyledons.
In monocotyledons, on the other hand, the leaves show parallel venation (see Fig. 8.51),

d

i
Lirgm o

—

-

<2l
)
?Vi s‘r
VA
NGH

e
R
\E\;\:\‘

s
v L)
ZA:

WA
N
AP

)]
2;’!\
G

n)

-

s
&
i:!
X
XY

4,
N
;
PN

.

P,
7

Y,

10 mm

_é; i
§ 42
(hH
‘4'0

o\
\’gm
S

i
/
/)
.
'l\:
X
ey

v
]
L
,g.

L

/L
i
.fg:

b
Wi

i
il
;

4
N
N
A

v
4

: \

E1 Y0
LY

i
ol

AP

L

Fig. 8.51: a) Clidemia hirta (D); b} Ficus religiosa (D); ¢) Plontago lanceolata, parallel veined (DY);
d) Plantago major; e} Smitax sp., net-veined (M); 1) typical areole pattcrns showing ultimate
veinlets; g) variations of one type of sccondary vein layout, {f and g after Hickey 1973).
(D)=dlcotyledon, {M)=monocotyledon.

The smallest area of the leaf tissue surrounded by veins is known as areole, Areole vary
in shape and sizes. Leaves of certain succulents do not form an areole, The vascular
bundle is generally collateral with Xylem on adaxial side and phloem towards the abaxial
side. A vascular cambium, if present, is restricted to the bundles of mid-vein and that too
in the dicotyledons. Vascular bundles in the mid-rib region may be arranged in a ring
(Vitis, Liriodendron) or in a semi-circle (Abrosia), or may be irregularily distributed

- (Helianthus). The petiole when present bears more or less similar anatomicai features as
seen in the internode of the plant.




8.4.2 Comparison between a Monocotyledon and a Dicotyledon Leaf.

Monocotyledonous Leaf

Dicotyledonous Leaf

Root, Stem and Leal

Epidermis: Only single layered, Usually single layered
xerophytic grasses have or some times multi-
large cells with flexible layered. Bulliform cells
cell walls helping the absent.
leaves Lo roll in dry
weather. These are called
bulliform cells.

Stomata: On both sides of the leaf, Generally restricted to
generally arranged in abaxial epidermis.
parallel rows.

Palisade On both the surfaces. ‘Mainly restricted

Parenchyma: to adaxial surface.

Spongy Sandwiched between two Conspicuous, large

Parenchyma: palisade parenchyma zones bedy towards the

' abaxial surface.
Generally reticulate,
parallel in Plantago,
Geropogon, Trapopogon
Generally dorsiventral
(also called Bifacial)

Venation: Generally parallel
reticulate in Smilax, Arum,
Some orchidaceae members
Generaltly isobilateral,
{also called unifacial)

SAQ7

(a) Draw a diagram of a leaf and label the various parts.

(b) Define the following terms:

Sessile, adaxial, abaxial, petiolate, venation, Areole.
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The first cataphyils on a lateral
branch are catled Prophylis.

102

8.4.3 Specialized Leaves

In the preceding sections you have studied about the structure of a typical ieaf.
However, under cerlain conditions the leal undergoes some modifications to suit its
environment,

Leaves of arid regions

Plants may develop structural characteristics that are adaptations to arid
habitats. Such plants are called xeromorphic plants. Xeromorphism, however,
is not confined to xerophytes and not all xerophytes exhibit xeromorphic
characters,

One of the most obvious features of xeromorphic leaves is the small ratio of external
teaf surface to its volume. This reduction in the external surface is accompanied by
certain changes in the internal structure of the leaf such as: reduction in cell size;
increase in the thickness of cell walls; the greater density of both vascular system
and of the stomata; and increased development of Lhe palisade tissue at the expensc
of spongy tissue. Such leaves are covered with trichomes. The stomata are sunken in
small crypts. More cuticle and wax are deposited on the epidermal surface in such
leaves. In certain plants the leaves possess water storing tissue to make them
succulent,

Leaves of Nerinm oleander (see Fig. 8.47), Olea, Salicornia and Salsola (see Fig. 8.52)
exhibit xerophytic characters.

Epidermis
Palisade cells

Water storing
Parenchyma

Fig. 8.52: Succulent leafl of Sefsola in cross-section.

Tendril

In many climbing plants, the leaf or portion of leaf gets modificd as tendril. The
tendril serves as a supporting organ. In Lathyrus (see Fig. 8.53 a) the entire lamina
becomes a tendril. Terminal leaf-lets become tendril in Pisum (see Fig. 8.53 b). The
leaf apex of Gloriosa superba (see Fig. 8.53 d) gets transformed into tendril. The
tendril of cucurbits may be a prophyll (see fig, 8.53 g). Also refer ig. 8.53 for some
other kinds of tendrils. ‘
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Fig. 8.53: Leal tendrils: a) Leal tendrils of Lathyrus aphaca. b) Leallet tendril of Pisum sativum. ¢) Leal
" petiote tendril of Clematis sp. d) Leafl apex tendril of Gloriosa superba. ) Stlpular tendril of
Smilax. f) Infloreséence stalk of Anvigonon. g} Tendrll in Cucurbita leal.

Spines, Thorns and Prickles

Modification of certain or entire portion of a leaf into spines, thorns and prickles serves
two functions. They reduce the surface area through which water is lost by the plants, In
addition, they provide protection to the plant.

The stipules of Zizyphns get modified into spines. Opuntia, Asparagus, Berberis and Ulex
all have spines which are actually the leaves (see Fig. 8.54).

Prickles, which are superficial modifications from epidermal cells, are commen to the
. leaves of Solanum melongena (brinjal) and Solanum santhocarpun.

Siorage leaves

Some leaves, especially in xerophytes and halophyles, become fleshy because of
storage of water, mucilage and food reserves. Such leaves contain a special storage
tissue. Common examples are the leaves of Portulaca oleracea, Alee, Agave and

~ Bryophyllum.

Reproductive Leaves

When a bud grows from a position other than the normal (i.e. apex or axil)
then it is called adventitious bud. When such buds arise from leaves they are
called epiphylious bud. In Bryophylium leaf such buds arise on margins (see
fig. 8.55). Leaves of Begonia, Kalanchoe produce such buds on their margins
_ or surface,
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Spiny stipules

c

Fig. 8.51: Spines and prickles in leaf: a) Curved priekles af climbing roses. b) Spinuaus prophyll in Cifrees,
¢) Spiny stipules of Zizyphius. d) Large sterm spincs and small leaf spines in Ufex, ¢} Spiny hook
an peduncles ol Arfebotrys. I} Leaves of Berberis.

Adventious buds

Fig. 8.55: Reproduclive leaves in a) Bryoplypdinm and by Beponin,

Floral Leaves

In some plants the flower arises in the axil of leaves called bracts. When present. they
may drop off very early or may persist. Additional bract-like small and thin structures.
sometimes borne on (he peduncle or the pedicel between a bract and the flower, are called
bracteoles (see Fig, 8.56).




IFoliage leaf

Fip. 8.56: Floral leaves: Bracts and bracteoeles. a) Transilion to bracts in Helleborus foetldus.
b) Bracteoles in Gentiana acaulis.

The bracts and bracteoles may be:

i}  Leafy or folinceous: as epicalyx of malvaceae. Adhatoda vasica, Gynandropsis.
ii) Petaloid: as in Bougainvillea, Enphoria puicherrima.

iii) Spathy bract: as in Amorphophallus titanin, Polyanthes.

iv}) Involucre bract: as in Dawcus carota

v)  Scaly bract: as in Humulus fupulus.

vi) Cupule: as in Batula, Corylus.

vii) Glume: as in Gramineae spikelet.

viii) Lemma and Palea; as in spikelet of Poaceae.

Insect trapping leaves
The pitcher of insectivorous plants are wholly or partially modified leaf lamina.

In Nepenthes (see Fig. 8.57 c) lower part of the petiole is winged and the upper part
forms a tendrillar stracture which may coil round a support to bear the weight of the
pitcher-like structure. The pitcher-like structure is itself lamina. Sarracenia also
produces pitchers. '

In sundew (Drosera) each leaf is covered with glandular hairs called tentacles which
secrete sticky fluid (Fig. 8.57, b}.

In Venus flytrap (Dionaca muscipuia) , the petiole of Lhe simple leaf is winged and the
lamina is deeply notched at the apex. The leaf margin is slightly incurved and provided
with long pointed teeth. The two halves of the leaf are capable of movemeni with the
midrib acting as a hinge. When the leaf folds, the marginal teeth interlock , to produce
trap (Fig. 8.57, D).

Bladderwort (Utricularia) (see Fig. 8.58) has finely dissected submerged leaves looking
like ereen roots. Numerous segments of the leaf are modified into bladders or utricles.
Inner wall of bladder has three or four pronged digestive glands. Each bladder has a valve
door. Pingularia, Pinguictla are other insectivorous plants.

Root, Steni aod Leafl
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Fig. 8.57: a) Pingniculn lanii, leaf rosctte from a bove, b

scedling. d} Cephalotus follicularis, single o
nsiscipufa, seedling,

) Drosera eapensis, scedling, ) Nepenthes Khasiana,
af. ¢) Urricitlaria minor, portion of shont, ) Dionaen

Fig. 8.58: Inscctivorous plant ericrifaria, 1) A pant in fower, Roating in water, b} A portivn of leal
showing leaf sepments and blidders, <) A maguified bladder, ) Section of n bhdder showing
the valve door and the digestive glands (2} ©) lnner wall of n bladier showing glands (o).
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(a} Name atleast five kinds of specialized leaves.

(b) Write a note on:

iy Tendrit

i} Insectivorous plants.

8.4.4 Abscission

Plants are known to lose their organs and this is brought about by a process called
abscission. Leaves, floral parts, and fruits and often branchs (Taxodinm, Populus) may be
shed. In Kochia indica (lumble weed) the whole aerial part of the plant separates from the

root.  Axillary bud
e Abscission

Suberized 2
Protective {3

et
e~ )
T
(D06 ‘...”' g .

Fig. 8.59: Leal abscission. n) Longitudinal section of the leaf base of Pranies showing the cells that divide
to form the scparation laycr. b) Colens, longitudinal section of porfion of the stem togelher with
{he loaf base after the abscission of the leaf (Adapted from Gibbs, 1950).

Raot, Stem and Leaf
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Leaves of some gymnosperms and woody dicotyledons are usually shed as a result of
changes that take place in the tissue of leaf base prior to leaf death.

In the base of mature deciduous leaves a narrow zone of cells is produced which helps in
shedding of the organ. This is called abscission zone, (see Fig. 8.59). This zone can be
distinguished histologically from the neighbouring cells by the presence of a shallow
groove or by a differcice in 1he colour of epidermis.

Vascular system is usually concentrated in the centre of the abscission zone and
sclerenchyma or collenchyma are less developed or may even be absent, -

In the abscission zone, two layers are discernible: an abscission layer (separation layer)
through which the detachment of the organ occurs, and a protectiive layer which protects
the leaf base after abscission and prevents entry of microbes through exposed area.

The protective layers are of two types: primary and secondary, In the former,
lignification and suberization of parenchyma cells in the region occur, while periderm
develops in secondary protective layer,

Some important events that take place during abscission are as follows:

¢  Enzymatic degradation of cell walls. It involves removal of calcium pectin from
middle tamella followed by hydrolysis of cellulose in the walls,

®  Rupture of sclerified tracheary elements.
Middle lamella in between the tracheary vascular tissue disintegrates,

Xylem vessels and surrounding parenchyma are weakened by hydrolysis of cell wall
material. :

®  Golgi apparatus may be involved in secretion of abscission- specific enzymes.

In species, where complete dissolution-of cell wall does not take place, physical
stresses cause abscission (eg. in monocotyledons and herbaceous dicotyledons).

Leaf senescence is characterized by the yellowing of tissues and various biochemical
changes eg., less efficient or decreased RNA and protein synthesis. A variety of factors
such as plant growtlt regulators (auxins, cytokinins, abscissic acid) and day lengths seem
to be involved in the process of abscission.

SAQ9

(a) Define the given words in two or three lines: Abscission, abscission zone, abscission
tayer, senescence and protective layers.

(b} Give an example where following oceur:

(i) Whole branch of shoot system undergoes abscission
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(i)  Whole of aerial part shows abscission.

‘85 SUMMARY

In this unit you have learnt that;

The primary plant body consists of root and shoot systems. The former consists of
tap and adventitious rocts. All the mature cells within them owe their origin to
cell(s) of root apical meristem present in the root apex. Apical cell theory, histogen
theory, Kérper-Kappe theory, and quiescent-centre theory are some of the theories
suggested to understand root apex organization.

A typical root has: root cap; region of cell division: region of elongation, and region
of maturation. The root cap is credited with geotropic growth of the root. The three
primary tissue zones of a root are recognized as epidermis, ground tissue and
vascular tissue. Root hairs develop from epidermis and may help in uptake of water
and minerals from the surroundings. Rarely, the epidermis is multi- layered (eg.
aerial roots of orchids). The cortex is multilayered, often parenchymatous and helps
in water’ transport. An endodermal layer demarcates the stele from the cortex. The
developmental pattern of the vascular tissue is diverse, Both primary xylem and
primary phloem develop centripetally, therefore, both protoxylem and protophloem
elements are exarch. The primary xylem and phloem alternate with each other.
Diarch 10 hexarch roots are found in dicotyledons while polyarch rdots are
characteristic of monocotyledons. Monocot roots also possess a large, conspicuous
pith. Lateral roots are endogenous in origin and arise from pericycle. There is
distinct relation between the site of lateral root initiation and the kind of vascular
tissue organization,

Monacot roots do not show any secondary activity. In dicotyledonous and
Bymnosperm roots, vascular cambia initiate at multiple places and then join to
produce a ring. The vascular cambium produces secondary xylem towards inside
and secondary phloem towards outside. The former accumulates over the years
whereas the often degenerates. Irrespective of the extensive secondary activity, the
primary xylem is always seen at the centre of the root. To offset increasing girth,
the periderm replaces the epidermal system as outer protective system.

Roots often get modified to perform various functions. Such roots include: food-
Storage roots; water-storage rools; propagative roots; pneumatophores; aerial roots;
contractile roots; buttress roots; mycorrhiza and root-nodules.

The shoot system consists of an axis, the stem and the laterals, the leaves
(determinate growth) and the branches (indeterminate growth). The shoot arises
because of the activity of shoot apical meristem localized within the shoot apex.
Every shoot apex at regular intervals produces leaf primoridia. These primordia
bear bud(s} in their axils. The site of leaf initiation is called node. The region
between any two consective nodes is termed as an intermode,

Various theories have been put forward to explain'the structure and function of
shoot apex organization. Some of these theories include apical-cell theory, histogen
theory, tunica-corpus theory and continuum meristematic residue hypothesis. The
shoot apices of different plants vary in size, shape, and pericdic activity.

The primary stem has three fundamental regions: epidermis, ground tissue and
vascular tissue. The epidermis is generally single layered and may possess
trichomes and stomata. A conspicuous cuticle is always present. The ground tissue
is differentiated as cortex and pith in gymnosperm and dicotyledons whereas such
demarcation is absent in monocotyledons. The cortex may, sometimes, possess
cells which are chlorophyllous, collenchymatous, or sclerenchymatous, or may be
rich in ergastic substances. The endodermis is only partially discernible in aerial
stems while it is well developed in underground stems. The endodermis may be
modified as starch sheath,

The vascular tissue of stem consists of discrete vascular bundles. These are
generally conjoint, collateral (or bicollateral), open or close but always with
endarch protoxylem. The vascular bundles could be amphivasal or amphicribral.

Root, Stem and Leaf
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The primary phloem development is centripetal whereas primary xylem develops
centrifugally.

Stems of gymnosperm and dicotyledons exhibit secondary activity, which is
conspicuously absent in monocotyledons because the bundles lack cambium. The
development of interfascicular cambium marks the onset of sccondary activity. The
inter and intra fascicular cambia join and form a continuous ring. The vascular
cambium once formed produces secondary xylem towards inside and the secondary
phloem towards outside. The former accumulates over the years while the latter is
replaced every season. Extensive development of secondary xylem completely
destroys the pith and primary xylem. Periderm often develops to offset the girth
increase following vascular cambium activity, and it soon replaces epidermal
system. bark, rhytidome, and lenticel formations are associated with cork-cambiat
activity.

Stems also get modified to perform various functions. Rhizome, tuber, bulb, and
corms are modified underground stems for storage angd perennation. Runner, stolon,
offset and suckers are sub-aerial modifications for vegetative propagation.
Cladophyll, phylloclade, thorns, and spines, are modifications associated with xeric
envirenment. Tendrils help in climbing and support,

Leaves are lateral organs produced at node by the shoot apex. They are determinate

" in growth, dorsiventral in symmetry and photosynthetic in function. A leaf has

{hree parts: leaf base, petiole and lamina. A teaf could be sessite or petiolate. The
lamina has two surfaces, adaxial and abaxial. When two faces have different
structutes they are called dorsiventral and when no such difference occurs they are
termed isobilateral. "

Internally, the leaf also has dermal, ground and vascular tissue. The epidermis has
cuticle, stomata, trichomes and could be single or multilayered. The ground tissue is
modified as chlorenchymatous mesophyll. The mesophyll, in turn, is differentiated
into palisade and spongy parenchyma. The vascular supply constitutes venation,
Smatlest area of leaf tissue surrounded by veins is called aerole. The venation could
be dichotomous, reticulate (as in dicots) or paratlel (as in monocots). A conspicuous
bundle sheath may surround the vascular bundle. It can have different structure in :
C; and C, plants.

Leaves 'in some plants are modified to perform specific functions. Some such leaves
are: succulent leaves; tendril; spines; thorns; prickles; storage leaves; reproductive
leaves; floral leaves; and insect-trapping leaves. :

The plants are known to lose their organs by abscission. All lateral organs are
known to abscise. Prior to abscission, an abscission zone is formed. It consists of
abscission layer and protection layer,

8.6

TERMINAL QUESTIONS

a

Key

a)
b)

Give some salient differences between root apex and shoot apex.

Given below are a set of items (a-d) grouped under the heading "Key". A matching
explanation of each item is provided in the "statements” (i-iv). All you have to do is
1o pick up the matching statement for each item ol the key and record your answer mn
the space provided.

Trichoblast
Velamen
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c) Calyptrogen
d) Endodermis

-Statements

i} A layer of barrcl-shaped cells whose radial cell walls are impregnated with suberin,
This layer demarcates ground tissue from the vascular tissue in the roots.

ii) A histogen layer which produces root cap.

jii) Multilayered epidermis of Orchidaceae.

iv) An initial cell, in the epidermis of root, responsible for root hair formation.

Item Statement No.
a)
b)
)
d)

3. You are observing a C.S. of a typical primary root under the microscope. List the
characters you may encounter, State the characters on the basis of which you shall

identify it asa

i) root,
ii) Monocotyledonous root,

4. Draw a well labeled diagram of a plant body showing fundamental parts.

Root, Stem and Leal
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towering Pl . . i
Flowering Plants 5. You are provided with an organ showin

g extensive secondary activity, how will you
confirm that it belongs to a root,

e, b

6. List major differences between a dicot

yledonous stem and a monocotyledonous
stem.

7. Following are same of the terms associated with tissues as one observes in a
dicotyledonons stem which is undergoing secondary activity. Arrange them as if you -
are observing them from the periphery of the organ to the centre of it. (pith,
protoxylem, metaxylem, secondary xylem, epidermis, cork. cork-cambium,

secondary cortex, primary cortex, secondary phloem. vascular cambium,
endodermis, pericycle)

("1




8. Choose the correct alternative:

a) The periderm in an organ is produced by:
i) Phellogen
ii) Vascular cambium
iii) Root apex
iv} Shoot apex

b) Periblem gives rise to:
i} epidermis
ii} coriex
iii) rool cap
iv) pith

¢) Polyarch roots are characteristic of:
i) dicolroots
ii) monocol rools
iii}y pteridophyte roots
iv) primary roots

d) Length of a plant increases by:
i} apical meristem
ii} lateral meristem
iii) dermatogen
iv) vascular cambium

e) Mesophyll is modified:
i)  vascular tissue
ii) dermal tissue
iii) ground tissue
i¥) meristem tissue

8.7 ANSWERS

Self Assessment Questions

l. (@)
(b)
(c)
(d)
(e)
&)

2. (a)
(b)
(c)
@)
()
H
(g
(h)
6]
)

3. (a)
()]
(c}
(d)
(e)
(f
(g)

tap {primary) root,

adventitious root,

Nigeli,

plerome,

promeristem,

quiescent centre or quiescent zone

ntultilayered,
trichoblast,
multilayered,
schizogenous,
exodermis,
endodermis,”
proloxylem,
polyarch,
endogenous,
root cap.

waler starage roots,
acrial roots of orchids,
mangroves,

food storage roots,
parasitic roots,
mycorrhizal roots,
nodule.

Root, Stem nnd Leat
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8.

9. (a} Abscission: It is the process (completed event) vt sneduwig of lalera. organs by a

114

(a) tunica-corpus theory,
(b) anticlinal,

(c}- distal,

{(d) Friedrick Woiff,

(e) branch

(f) node,

(g) shoot.

(a) Dermal tissue, ground tissue and vascular tissue,

(b) Capparis decidua, Opuntia (cacti), Ruscus, Casuarina, Asparagus, Cystisus.

(c} Fibre (sclerenchyma).

(d)} Conjoint collateral open, conjoint bicollateral open, conjoint collateral closed,
amphivasal, amphicribral.

(e) living (extant) pteridophytes and monocotyledous.

(a)i) Rhizomes are underground dorsiventral stems or branches growing horizontally

under the surface of the soil. They possess nodes and internodes. Nodes bear
brown scaly leaves. They possess both axillary and apical buds. Adventitious
roots develop at nodes. They may bear contractile rocts. They are generally
fleshy due to food storage activity.

ii) Any fleshy part of the plant which stores food is called tuber. There are stem
tubers and root tubers. Each stem tuber has nodes and intemodes, and exhibits
slow growth. Nodal points are characterized by presence of scale leaves and

eyes in their axils. Eyes are arranged spirally and are more crowded towards rose

end.

iii) Bulbs are modified underground stems for food storage. They bear nodes and
internodes. Leaves could be scaly, dry, and membranous. They could be
tunicated (eg. onion. tulip, hyacinth) or scaly (eg. garlic, lilies).

iv) Corms are solid bulbs. They possess condensed vertical root stocks with very -

large apical bud. They bear some scale leaves and produce adventitious roots
from its base or from all over the body.

(b)i) Oxalis, Fragaria, Cynodon.
i}y Mentha
iii) Chrysanthemum, Mentha arvensis
iv) Eichhornia crassipes
v) Opuntia, Ruscus, Muhlenbeckia

(a) referfig. 846 -

(b) Sessile: A leaf withou a petiole.
Adaxial: A surface (side) facing the axis.
Abanxial: A surface (side) away from the axis.
Petiolate: A leaf possessing a stalk, the petiole.
Venation: A combined net-work of veins in 2 leaf lamina.
Areole: The snjallest area of the leaf tissue surrounded by veins.

(a)i) Tendril from entire lamina of Lathyrus
ii} Tendril from terminal leaflet of Pisum
iii) Xerophytic leaf of Merium oleander
iv) Stipular spines of Zizyphus
v) Spiny leaves in Opuntia, Berberis
vi) Reproductive leaves of Bryophylium
vii} Insectivorous pitcher leaf in Mepenthes (also refer section -

b

{b} refer section 8.4.3

plant,
Abscission Zone: That portion at the preximal ¢nd of an Gigar +hicn gets
modified and helps in the detachment of distal part du ne abscissior
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Abscission layer: A part (zone) of abscission zone which actualiy helps in
abscission {detachment) of an organ.

Protective layers: A part of abscission zone which protects the leaf base from

abscission and entry of microbes to exposcd area.

Scnescence: yellowing of tissue and all other biochemical changes credited with

processes leading to abscission in a leaf.

(b)) Taxodium, Populus
ii) Kochia Indica (tumble weed)

TERMINAL QUESTIONS
1)
Root Apex Shoot Apex
1. Possesses root cap at the distal region 1. Nosuch cap present
2. Not associated with origin of laterals 2. Laterals such as leaves always produced
3. Nodes and internodes absent by the activity of shoot apex
3. Produce nodes and internodes
4, Meristem cells are placed sub-terminally | 4. Meristem cells are placed in terminal
position
2) ltem Statement
a) (iv}
b) (iii)
c) (i}
d) (D)
3) i) It has exarch protoxylem and radia} arrangement of vascular bundles.
ii} The root is polyarch with conspicuous and large pith.
4) See diagram 8.1 important parts are aiven below for your help.
1. Terminal bud ’
2. Axillary bud
3, Leaf Lamina
4. Petiole
5. Internode
6. Node
7. Lateral root
8. root cap
9. root meristem
5) Irrespective of the extent of secondary dclivity in the root, the primary xylem is
always retained in the centre of the organ. On the other hand in stems, primary
xylem may ultimaiely be lost forever.
6) Refersection 8.3.5
7) Epidermis
Cork

Cork-cambium
Secondary cortex
Primary cortex
Endodermis
Pericycle
Primary phloem

Secondary phloem

ltoot, Stem nnd Leal
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Vascular cambium
Secondary xylem
Metaxylem
Protoxylem

Pith

(a) (i)

(b) (it}

(c) (ir;
(d) (i);
(e) (iii).
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UNIT 9 FLOWERS, FRUITS AND SEEDS

Structure
9.1 Introduction
: Objectives
9.2  Flower
9.2l Calyx
9.22 Corolla

9.23  Androccium
924  Gynoccium

9.3  Transition to Flowering
9.4  Formation of Floral Organs (Organogenesis)
9.5  Morphological Nature of Flower
9.6 Vascular Anatomy of the Flower
9.7  Anatomy of Floral Organs
9.7.1 Calyx
9.7.2  Corolla

9.73  Androccium
9.7.4  Gynoecium

9.8 Morphological Nature of Stamens
9.9  Phylogeny of the Carpel
9.10 Fruits
9.10.1 Simplc ond Compound Fruits
.9.10.2  False Fruils

9.10.3 Types of Fruits
9.11 Fruits Developme
9.11.1 Citrus Fruits

9.112 Apple
9.11.3 Banana
9114 Legume ,

912 Fruit Abscission

9.13 Apomixis

’ 9.13.1 Vegetative Reproduction
9,13.2 Agamospermy
9.13.3 Parthenogenesis
9134 Panhenocarpy

9.14 Seed
9.14.1 Pscudo-secds

915 Diversity in Seed Form
9151 Pea
9.15.2 Casfar

9.16 Seed Appendages
9.16.1 Canuncle
9.162 Aril
9.163 Hairs

. 9.164 Wings

9.17 Summary

9.18 Terminal Questions

9.19 Answers

9.1 INTRODUCTION

In angiosperms male and female reproductive organs are borne in flowers together with
accessory parts for protection and omamentation. A plant flowers after a certain period of
vegetative growth, usually in response to certain environmental factors. The vegetative shoot
apex undergoes certain changes so that instead of shoot elongation and leaf-bud initiation, it
forms a solitary flower or an inflorescence with many flowers. The problem of homology and
morphological evolution of the flower has occupied research workers for a long time. In this
unit we have tried to give a comprehensive account of floral development. The size, shape,
colour and smell of a flower are variously modified to ensure pollination and fertilization.
The fruit represents the biological climax reached by the flower when the ovules enclosed.in
the ovary are fertilized and develop into seeds. Thus, it is important to understand all the
possible ways in which fruit is constructed, and its various mechanisms for dispersal of seeds.

The seed develops from the ovule about which you have already read in Unit-5 of LSE-
06. Development biology, anatomy and morphotogical details of seed will be briefly
discussed in this unit. '
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Objectives
After studying this unit you will be able to:

®  know the various parts of flower, its morphology, morphogenesis and Organogenesis,
®  describe anatomy of floral organs including stamens and carpels, ' .

®  discuss the phylogeny of carpel,

¢  discuss morphogenesis and organogenesis of fruit and seed,

¢  describe various types of fruits and seeds.

9.2 FLOWER

The reproductive structure in angiosperms js desighated as flower. The flower has a
thalamus or receptacle which resembles in ontogeny and structure a vegetative shoot tip.
Later in this unit, we will study how a vegelative tip, at a certain stage and under certain
conditions, changes into a floral tip. On the thalamus are borne typically both sterile and
fertile appendages, either in a spiral manner or in whorls. The sterile appendages are of two
Kinds: (i) sepals, which together form the outer calyx; (i) petals, which collectively
constitute the corolla inside. The sepals and the petals together can be referred to as
perianth or tepals, specially if both look similar. The fertile appendages are; (i) stamens,
located inside the petals, and bear anthers which produce pollen grains having the male
gametes; (ii) carpels, at the centre of the flower, having ovaries that enclose ovules with
female gametophyte. The stamens of a flower are collectively designated as androecium,
and the carpels together are termed gynoecium. A flower of Fagopyrum sectioned
longitudinally is seen in Fig. 9.1. This flower has five sepals, five petals, five stamens (only
some are seen in the section) and an ovary which is made up of three fused carpels having a
single Tocule and three styles. When a flower has both stamens and carpels it is described as
bisexual. When only stamens or only carpels are present; the flower is unisexual — male or
staminate if stamens are present and female or carpellate when only carpels are present.

Petal

Stigma

Stanien

Pedicel]

Fig. %.1: A Nower of Fagopyrum sectioned ongltudinally. The gynucciul:n conslsts ol three fused carpels
with unilocular ovary and three styles. '

The flower may be: (i) solitary, terminal on a branch (e.g., shoeflower) or arising in the axil
of leaf (e.g., hollyhock); or (ii) arranged in groups called inflorescences (e.g., laburnum).

The flower presents a wide range of diversity in different angiosperms. In some plants the
sterile appendages, particularly the petals, are prominent, brightly coloured and even
fragrant (e.g., rose; Fig, 9.2). In others, such as Ficus spp- (Fig. 9.3), mulberry and the
grasses, the perianth may be absent or inconspicuous, and the flower may consist of only
stamens or carpels. The size, colour, symmetry and odour of the flower are related to the

" ? Petals
11K/ 9

fl&/y/r:'/ Stamens
' .-,‘f < i Sepals

Fig. 9.2: A flower of Rosa specics showing prominent petal.




pollination mechanism (transfer of pollen grains to stigma by air, water, insects, birds or
bats). The floral characters are of great interest to botanists because these provide clues to
evolution and help in classification and identification of plants. You can easily
comprehend the range of this diversity by examining a few fowers in your
neighbourhoed. For convenience, you may pay attention to the individual floral parts.

Fig 9.3: Male and female flowers of Fieus showing reduced perianth.

9.2.1 Calyx

Sepals form the outermost whorl, enclosing other floral parts at bud stage. These are mostly
green, but ornamental in some plants such as Safvia splendens where calyx is bright red like
the corolla. The ornamental or petalloid condition of the sepals may be accompanied by
reduction or loss of the petals, as in silver oak. In Liliaceae (e.g., Asphodelus) and Iridaceae
(e-g-, saffron and gladiolus) both sepals and petals are omamental and are indistinguishable.
On the other hand, genus Corans shows reduction in sepals. In Euphorbia the flowers lack
both sepals and petals (Fig. 9.4); the naked flowers are grouped in inflorescence called
cyathium (plural cyathia) which may be surrounded by ornamental leafy bracts.

Anther

Filament

Pedicel

b

Fip. 9.4: a} Cynthium of Enphorbia specics. b) Male flower. ¢) Female Rower without sepals and pelats.

9.2.2 Corolla

Petals are located inside the sepals and surround or subtend the stamens. These are absent
or reduced in the wind and water-pollinated flowers, and are large, ornamental and often
odouriferous in animal-pollinated flowers. Petals exhibit great diversity in size, shape,
colour, arrangement and texture, Petals in a flower may be {ree as in Fagopyrum (Fig.
9.1) ar united to form a corolla tube as in Vinca (Fig. 9.5).

Fig. 9.5: L.S. of Nower of ¥inca major 1o show petals, fused in the lower hall to form a corolla tube.
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In the orchids the petals have colour and symmetry that mimics the moths and
butterflies that pollinate the flowers (Fig. 9.6). In silk catton tree Bombax ceiba and
coral tree Erythring indica the petals are bright, tubular and fleshy to attract the
pollinating birds. In Tropacefun majus the petals form a tail-like nectar spur in which
nectar is present (Fig. 9.7).

Scpal

Gynostemium
(stamens + carpals)

Petal

Labellum
{a modificd petal)

Labellum

Insect pollinalor

Fig. 9.6: n} A flower of orchid Cypripediun sp. b) Pitfall-like pouch or [abellum of the Mower with neetar
for attraction of insect which patlinate the Rower,

Nectar spur

Fip. 9.7: A medinn scction of Nower of Fropavoinm species shawing he tail-like nectar spur.
9.2.3 Androecium

Stamens oceur in one, two or more whorls, free or fused among themselves or with the
petals. Each stamen has a filament which bears the anther. The anther usually has four or
two lobes or compartriients having pollen grains. Each pollen grain produces two male
gametes or sperms, Some or all stamens in a flower may be reduced or sterile {termed
staminodes). The stamens may fuse.to form a tube around the gynoecium to encourage
self-pollination (e.g.. shoe ffower; Fig. 9.8).

In garden pea, Pisum sarivim (Fig. 9.9) filaments of nine stamens are fused to form a
sheath around the ovary whereas the tenth stamen is free. In Hypericum acgypticum the
stamens are [used in three groups (Fig. 9.10). When the stamens or their filaments are
laterally fused in one group the condition is known as monadelphous (Hibiscus), in two
groups diadelphous (Pisxm} and in several groups polyadelphous (Rutaceae). In some
plants the stamens are large and showy (e.g., bottlebrush: Fig. 9.11). [n Canna only one of
the five stamens is fertile; others are brightly coloured constituting the conspicuous
ornamental {petaloid}) part of the flower.
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Fig. 9.8: Hibiscus rosa-sinensis. a) A twig with a flower. b) Medlan section of Nower showing staminal
tube surrsunding style, Anthers atmos! touch the stigma.

Fig- 9.10: Andreccium of ltewer of Hypericum

Fig. 9.9: Plsum sativiim. Androgciten sepa rated
sp. showing stamens in three groups.

tu show nine fused and one free stamen,

Fig. 9.11: L.S. of flower of botile brush, Calfistemon Ianceoluiss showing large, showy stamens.

L

9.2.4 Gynoecium \

Carpels are located in the middle of the flower, terminating the flowering shoot. A flower
may have a single carpel (as in wheat or maize; Fig. 9.12 a), or two or more carpels which
may be either free (as in buttercup and lark<rur; Fig. 9.12, b) or fused to form
multicarpellary pistil (as in castor, mustard vr lily; Fig: 9.13). The gynoecium or pistil is
generally distinguishable into an ovary, style and stigma. The ovary encloses one ar more

Flowers, Fruils
and Sceds

121

TS WETTRRT




Flowering Plants

22

ovules, each having the female gametophyte. The ovary continues into a cylindrical style

that terminates in a stigma. Following pollination, pollen germinates on the stigma,
resulting in formation of pollen tube that traverses the style and carries the sperms to the
female gametophyte. A flower having both stamens and carpels is bisexual; otherwise it

is unisexual — male or staminate if having only stamens or. femaie, carpellate or pistillate
iIf possessing only the gynoecium.

Fig. 9.13: Fused multicarpellary pistils En mustard, Brassica.

9.3 TRANSITION TO FLOWERING

In Unit 8 you have studied the basic concepts regarding the organisation of shoot
meristen. You will recall that the vegetative shoot apex in angiosperms is widely
regarded as consisting of the tunica and the corpus (Fig. 9.14). However, there are other
interpretations which suggest that the meristem has more elaborate cyto-histological
zonation. In some angiosperms shoot apex has a group of median surface initials, called
the apical initial group. The zone below these cells, and derived from these, constitute the
central mother cells (Fig. 9.15). The centrally situated dérivatives of these mother cells
give rise to the pith and the lateral derivatives form a densely-staining peripheral zone
which forms the cortex. According to one opinion (Johnson & Tolbert, 1960) the
centrally located cells of the meristem constitute a me{gameristem which maintains itself
and actively contributes cells to other regions of the meristem (Fig, 9.] 6). According to
another interpretation, given by French botanist Buvat (1952), the main histogenic role is
played by lateral or subterminal zone, the anneau initial or initial ring. The central cells of
the apex, the m’erist'eme d’attente or resting meristem is considered to be without any
histogenic role during the vegetative phase of development (Fig. 9.17). The resting

meristem, it is claimed, becomes active in the formation of a terminal flower or
inflorescence.
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Tunica Apical initial group

Central mother cells

%.I'%Rlb or Pith meristem

Fig. 9.14: Diagrammatic illustration of shoot apex Fig. 9.15: Shoot apex with meristematie
to show funica and corpus regions. gpical initial group and centeal mother
cells,

Anneau initial Meristeme d'aliente

Metramerisiem

: R
-~ —\
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Fig- 9.16: Apieal meristem in Hibiscus showing the Fig- 9.17: Shout apex with cylohistogenic
centrally placed melramerisiem. diffcrentintion.
Belgian morphologist Gregoire (1938) believed that the floral meristem is comp]etely
new structure which is not derived from the vegetative meristem. In his opinion, the
flower or inflorescence is formed not from the principal vegetative meristem but from
lateral buds. Gregore claimed that a tunica-corpus organisation typical of vegetative apex
is not represented in reproductive apex which, instead, has a meristematic mantte termed
manchon meristematique covering the core or massif parenchymateux in the entire apex
(Fig. 9.18). The superficial layers of the mantle give rise to floral parts and contribute
cells to the parenchymatous core inside. .

Mantle

i
f
!
I
| - Core

Fip. .18: Floral apex shawing meristematic mantle and pnrenchymatous core.

Philipson (1947) stated that the extreme view expressed by Gregoire may not be justified and

that tunica-corpus organisation exists in the reproductive apex. It is now accepted that the
vegetative stem apex becomes directly transformed into reproductive apex. The changes that

occur in formation of the flower or the inflorescence from vegetative meristem are identical.

Irrespective of whether the vegetative shoot meristem has a tunica-corpus organisation or
cvio-histological zonation, following flower induction the reproductive apex develops
cerlain characteristics. The apex becomes more elongated and conical than the vegetative
axis. Mitotic divisions increase in frequency, with a corresponding rise in DNA synthesis.
The tunica-corpus or cyto-histelogical zonation of the vegetative phase is modified.
Ciradually the cells of the central core of the apex become imore highly vacuolate, in
contrast to the smaller celled densely staining layers which form the outer covering or
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mantle. In other words, the floral apex develops a mantle-core organisation. In vegetative
apex with cyto-histological zonation, the large, faintly-stained cells of the méristéme
d’attente become active and undergo rapid mitotic divisions so that this region also comes
to have small, densely-stained ceils. The region becomes part of the meristematic mantle
which surrounds the central parenchymatous core. However, some reproductive apices
retain the cytohistological zonation of the vegetative apex with minimal modifications
{Vaughan, 1955). Many authors have emphasized that méristéme d’attente participates in
growth and is modified only when a terminal flower is formed. The resting meristem
plays no active role in formation of lateral flowers.

According to Plantefol (1947) the reproductive apex originates by progressive
transformation of the vegetative apex. The anneau initial, which in vegetative phase gives
rise to foliage leaves, produces sepals and petals in the reproductive phase. Stamens and
carpels are derived from the residuum of the apex, consisting of the activated méristéme
d’attente (Buvat, 1952).

Bersillon (1955), based on his studies in Papaveraceae, opined that the sepals are derived
from anneau initial, whereas other floral appendages are initiated in the meristematic
mantle which is mainly derived from the meristeme d’attente. A similar situation occurs
in rose.

In Cleome (Fig. 9.19), which has an inflorescence without a terminal flower, the anneau
initial gives rise to the lateral floral buds and bracts. In Beta (Fig. 9.20), having an
inflorescence with terminal flower, the anneau initial is inactive in the reproductive
phase. The meristeme d*attente is responsible for generation of the bracts as well as the
flowers (Gifford & Corson, 1971). An intermediate situation exists in Agrimonia
eupatoria of the Rosaceae which has an inflorescence with a terminal flower. Thirty to
ninety lateral flowers are formed by anneau initial before the meristeme d’attente
becomes active and forms the terminal flower.

. Meresteme.d'attente
Anncau initial

d

Flower

Meristeme d'attente

Anncau initial

Bract

Anneau initial

Fig. 3.20: Floral upex In 8«fa, Antcau inliial is passive. Flowers and bracts are formed by me'riste’me
d’attente.

Many authors disregard the significance of histological zonation of vegetative apex in
generation of different parts of the flower. They comprehend the whole apex to enter a
new phase of development. Philipson (1947, 49) expressed the opinion that the basic
function of vegetative apex is to promote longitudinal extension of the axis, while that of
the reproductive apex is to produce a broad meristematic envelope from which pans of a
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flower or flowers (in case of inflorescence) can develop. The first noticeable change is the
increase of mitotic activity in the region bel\vgen the central mother cell zone and the rib
meristem zone. The division activity gradually spreads into the central mother cells zone
so that the cells become smaller and richer in protoplast. Thus, all cells above the rib
meristem are added to the tunica and together constitute a manle,

Following this, mitotic activity and growth almost cease in the rib meristem and in the
pith below i1. Thus, the reproductive apex has a parenchymatous pith or core surrounded
by a mantle of meristematic cells (Fig. 9.21, a). The floral parts, or the bracts, axillary -
branches and the flowers in case of inflorescence, develop from these meristematic cells
(Fig. 9.21, b).

l‘ Bract

Floret
. primordia

Fig. 9.21: a) L.S. young inflorescence apex of Cafendula with mantle-core arganisation. Rib meristem is
conspicuous. Bracts and Moret primordia have been initiated. b) LS. Inflorescence gpex of
- Calendieda, Mloret primordia have been formed in acropetal order.

Bernier et al. (1967) observed that following flower induction in Sirapsis alba there is an
increase in mitotic divisions followed by stimulation of DNA synthesis, increase in
nuclear diameter and rise in cell volume. After this there is a second phase of mitotic
activity which results in initiation of floral buds. The cyto-histological modifications are
accompanied by biochemical and physiological changes too. An increase in number of
ribosomes and dictyosomes and changes in endoplasmic reticulum are also reporied
(Gifford & Steward, 1965). ’

SAQ1

I How will you define a flower? How will you distinguish a flower from a
gymnosperimous cone?

SAQ2
Complete Lhe sentence by matching column A with column B.
Column A Column B

t.  Where sepals and petals are {(a)  gynoecium
indistinguishable we have )

1. Ovary, style and stigma arc paris of (b) floral apex

. Manlle-core organisation of cells is (c}  perianth
seen in .

L. A part of the shoot meristemy which is (d)  anneau initial

considered inactive in vegetative phase is
i.  In Papaveraccae sepals are derived from (e)  me'riste’me d’attente
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.Fluwcrinﬂ Plants ‘ - SAQ3

List the parts of a Mower and explain the Tunctions of each,

9.4 FORMATION OF FLORAL ORGANS
(ORGANOGENESIS)

Following induction of flowering phase, the inflorescence apex may give rise to a serics
of small [eaf-like braets and florets. In the apex forming an individual flower, the various
lateral organs are formed in an acropetal sequence, i.e. the youngest organ is closest to the
apex. In Aquilegia (Tepfer, 1933, Fig. 9.22) and Portuiaca, sepals, petals, stamens and
carpels originate by periclinal divisions in the second and/cr third layer(s) of the tunica.
The surface layer merely undergoes anticlinal divisions to keep pace with the growth in
the interior tunica layers. Such a manner of initiation of floral appendages supports the
view that these organs are lateral members of the shoot comparable to the leaves.

T

In periwinkle, Catharantiis roseus (Boke, 1948; Fig. 9.22) the reproductive apex first
gives rise to five sepals in a spiral sequence. The apex then enlarges and forms five petals
in a whorl. The bases of the petals unite during ontogeny forming a corolla tube. Five I
staminal primordia are formed next which soon unite with the basal region of the corolla
tube, 50 that in transverse section of the floral apex the five stamens seem (o be
outgrowths of the petals. Following formation of staminal primordia the floral apex is
considerably reduced. However, subsequently the diameter of (he floral apex increases
and the cells at the periphery multiply to form a raised ring. Two carpel primordia are
formed in this ring at opposite sites. Primordia of sepals, petals, stamens as well as r
carpels are formed by periclinal divisions in (he second tunica and outer corpus layers,
with superficial tunica layer only dividing anticlinally. Thus, each organ is iniliated in the
form of a raised primordium, in which apical growth scon besins, followed by growth
through sub-apical meristems. The time of initiation, locaticn (intercalary, marginal and
adaxial) and extent of activity of the sub-apical meristems determine the diversity in form
of floral organs in different species.

Stamens

Petal

Corolla W Petal

Sepal Sepal Ovary

Fig. 9.22: a-¢) Developing Mower of periwinkle in sections with five sepals, five petals (fuscd at the hase (o
form corella tube}, five stamens fused with the corolla tube, and bicarpellary ovary. Sceetions do
not show exect numbers of all Moral parts. -

In a vegelative shoot, the apical meristem continues to function above the developing leaf
primordia. However, in a developing flower the apex is reduced following initiation of
floral organs till it is lost completely or a small, inaclive residue is left.

As in the leaf, the lateral organs of the flower exhibit apical, marginal, plate and
126 sometime adaxial meristems (Kaplan, 1968). Sepals and petals grow lengthwise by apical



and intercalary meristems and expand all around by activity of marginal meristem. These
organs also become thick due to plate meristem. Sepals often have, in addition, adaxial
meristem. The adaxial meristem is absent in petals so that these are (hinner and more
delicate. Stamens show apical growth for a brief period, most of the subsequent growth is
intercalary. Marginal meristematic activity is absent, except in the flattened, leafy
stamens of seme plants such as in Magnolia and Nymphaea. The carpels not only show’
apical and marginal growth but also have adaxial.meristematic activity which contributes
to 1he thickness of the carpels. The lateral organs of the flower can be compared with the
leaves not enly in their origin but also in the mode of their growth.

In flowers which have free carpels (apocarpous condition) each carpel printordium appears as a
rounded buttress which resembles the primordia of other floral organs and leaves (Fig. 9.23).
This primordium becomes peltate and then a depression is formed at the tip of primordium. As

a result of unequal development, an abaxial lip is formed from which the dorsal side of the

carpel is formed. The adaxial lip of the primardium develops relatively slowly to form the *sill’
of the carpel (Mclean & lvemy—Cock, 1956, Fig. 9.24). This sill undergoes enlargement and

forms the margins of the carpel. It is surmised that the sill originally consisted of two basal
laminar lobes which have fused during ontogeny. The area where the two margins fuse is
termed the cross zone. The dorsal side of (he carpel usually folds and closes over the sill.

Fig. 9.23: a-b) Ontogeny of Mower in Ranunciulus shiowing initintion of earpel primordia as round

butiresses similar (o sepal, peial and stamen primordiz.
a

A

Fig. 9.24: Development of a peltate carpel in an apocarpous gynoecium, n and b} Diagrams of lengitudinal
andl cross scctions respectively of the carpel at difTerent ¢ntogenedic stages. c-g) DilTerent stages
in the development of the earpel in Thafictrizm showing the development of the sill, the ovule
and the portion above the sill which folds over and closes the Incule.

In flowers with fused carpels (syncarpous condition) the ovary may develop in one of the
lollowing two ways: (i) carpel primordia appear separate and then fuse as a result of
lateral growth (onlogenetic fusion; Fig. 9.25 a-e). Subsequently, the fused carpels grow
upwards as a unit fornming the syncarpous ovary; (ii) carpels are already joined when they
appear (congeniral fusion), so that the ovary wall rises as a ring (Fig. 9.26, a-d). The
regions of fusion of the carpels are distinguishable by folds directed imwards.

Plowers, Fruits
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Fig. 9.25: a-) Stages in the development of the Syncarpous gynoecium lrom separate primordia which

expand laterally and fuse to form a single ring. Part of the ovary wall is removed in € and § to
expose the ovules borne on placentac.

Stamens

Fig. 9.26: n-d} Ontogeny of flower showing pelrate carpel primnrdivin (1) witlt depression (b) at the tip,
The margins form the lobes which fold to form a closed carpel with plicentae inside (e,d).

9.5 MORPHOLOGICAL NATURE OF FLOWER

Vascular plants which have preceded angiosperms in evolution do not have reproductive
organs that could have been perceived as forerunners of the flower. The morphological
nature of the flower has, therefore, poised several questions. In the past, some bolanisls
followed Wettstein in believing that the angiosperms with catkin-like inflorescence (e.g.,
Salix and Caswuarina) are the most primitive flowering plants. Their catkin-like
inflorescences were considered similar to gymnespermous cones and their reduced
flowers comparable to reproductive organs of some gymnosperms like Epfiedra and
Gnetum, However, evolution within 2ngiosperins has revealed thai the wind-poliinated
flowering plants with catkin-like inflorescence and reduced flowers are more advanced. It
is more likely that the primitive flowers were insect-pollinated and will: a number of free
and prominent sepals, petals, stamens and carpels. Such a flower could not have been
derived from gymnospermous cones or strobili.
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Most morphologists consider the flower to represent a determinate shoot. The appendages
(sepals, petals, stamens and carpels) are modified leaves. These floral organs are
homologous (having similar origin) to leaves but have different function and appearance.
The internodes are suppressed, shortenend or obliterated so (hat the nodes come together.
The appendages at the nodes are, thus, closely crowded. '

The flower of Magnolia has elongated receptacle and spirally aranged appendages with leaf-like
appearance. The organisation of such a flower most clearly resembles a vegetative shoot.
Evolution of more advanced flowers involved compression of the receptable, reduction in

_ number of appendages, change in symmetry and loss of leaf-like appearance of the floral organs.

Fusion of Moral parls

Many flowers, both dicotyledonous and monocotyledonous, show varying degree of
fusion of floral parts. When adjacent floral organs in a whorl fuse laterally it is termed
connation. Sepals in some flowers are fused laterally to form gamosepalous calyx. Petals
may fuse to form gamopetatous corolla (as in Vinca) and the stamens may fuse laterally
to form a synandrous siaminal tube (as in Hibiscus). Adnation involves fusion of
different floral appendages. Gamopetalous flowers often have stamens fused with the
petals. Such stamens arc described as epipetalous. In Asclepiadaceae and Orchidaceae
(Fig. 9.6 b) the slamens and carpels are united completely or partially to form
gynostegium. In the fruit of apple all floral organs are connate as well as adnate. The
outer edible part of the fruit is formed by union of sepals, petals and stamens. The core,
which encloses the seeds, is made up of fused carpels.

The fusion of floral parts may be congenital {from the primordial stage) or post-genital
(when primordia arise independently but fuse later during ontogeny}.

9.6 VASCULAR ANATOMY OF THE FLOWER

The anatomical structure of the pedicel of a Mower, or the axis of an inflorescence, is
similar ro that of the stem. The vascular cylinder is cither entire or split. From this stele of
the receplacle traces depart 1o the various organs of the flower, leaving gaps which divide
the stele into a characteristic network of bundles. Aguifegia {Tepler, 1952}, a member of the
Ranunculaceae, may be studied as an example of floral vascular anatomy. The pedicel of
this flower has five thick bundles which alternate with five thin bundles. The bundles fuse
at the base of the flower to form an uninterrupled ring (Fig. 9.27). Above this level, five
groups of three traces each depart to the sepals. Each group of three traces leaves a gap in
Lhe receptacular cylinder and passes off 1o one sepal. Ata lintle higher level, altemating
with the traces going 1o the sepals, one trace goes to each of the five petals. There are

Continuation of receptacularsiele .00 carpellary traces

Dorsal carpellary Saminal trace
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Fig. 9.27: Diagrammatic representation of the stcle of Agnrifegin Mower spread out in 2 single plane.
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several whorls of stamens. Cach stamen receives one trace. Above the position of the
uppermost stamens, the stele once again becomes an uninterrupted ring. At this level, each
carpel receives three traces, one dorsal and two ventral. The receptacular stele may
thereafter continue for a short distance and then fade away. The ventral bundles of the
carpels show an inverted orizniation, with their xylem facing outward and phloem inward.

9.7 ANATOMY OF FLORAL ORGANS

As you have already studied, the floral organs represent modified leaves, which are varjously
evolved to perform different functions. We will now discuss the anatomy of floral part.

9.7.1 Calyx

A sepal has an upper and a lower epidermis, enclosing mesophyli consisting of
chlorenchyma, A palisade parenchyma is usually absent. The sepals surround and protect
the young flower and js generally shed or curled back after the flower js mature. However,
in many plants the sepals are variously modified to discharge other functions. For example,
in Abutiton pictum the sepals lave nectar-secreting trichomes on their inner surface near the
base. In Phumbago capensis sepals form a short tube around the base of the petals. The
calyx tube is covered with sticky glands that would not allow crawling insects like ants to
approach the fertile appendages, thus ensuring cross-pollination by ftying insects. In many
dicols (e.g., Helleborus and Tropacolum) as well as monocots (Tulipa, Narcissus) the
sepals are brightly coloured and petal-like and may even produce fragrance and nectar.

Each sepal usually receives as many traces as the leaf in the same plant. Most sepals have
three vascular bundles, of which one serves as the midrib and the other two become
lateral veins. In flowers with connate sepals, the lateral veins of adjacent sepals often fuse
to form common trunk bundle. In Hibiscus (Fig. 9.8), for example, five major and five
minor bundles enter the base of the calyx tube, Each major bundle forms the midrib,
whereas each minor bundle divides to form lateral veins belonging to adjacent sepals.

9.7.2 Corolla

Each petal, [ike the sepal, has an upper and a lower epidermis enclosing ground tissue
consisting of parenchyma. The petals are usually thinner, more delicate and ephemeral as
compared to the sepals. Each petal receives a single vascular trace, the bundle branches
on entering the famina (Fig. 9.28).

Vascular bundle

Fig. 9.28: Cross-section through n petal of Filpa species showing a single vasculnr bundle.

In Unit 10 you will study how flowers in different species are variously modified to
ensure pollination. Petals show great diversity in relation to the pollination mechanism. In
wind pollinated flowers, the petals are reduced or even absent. In flowers pollinated by
insects, birds or bats, the colour, texture, orientation and fragrance of the petals are
adapted to altract specific pollinator. Carotenoids in chromoplasts and betacyanins in cell
vacuoles are most common pigments. Many flowers have UV-absorbing flavanoids in the
epidermal cells of their petals so that bees can see them and get guided to the nectar
reward. Epidermal cells along the inner surface of petals of 4butilon secrete nectar. In
Tropaeolum majus, the mesophyll of the rissue of tail like nectar spur formed by the
petals secretes nectar. This nectar is released by open stomata and trichomes into the
cavity of the nectar spur. :

In most flowers, all petals have the same shape and size. Such flowers are regular or
actinomorphic. In others the petals, even sepals and stamens, may be bilaterally
symmetrical. Such bilipped flowers are called zygomorphic. Members of Orchidaceae,
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Papilionaceae and Labialae have characteristic zygomorphic flowers which help them in and Seeds

attracting certain insect pollinators.

9.7.3 Androecium

A stamen usually consists of a slender stalk or filament that bears at its tip an anther. The
anther is most often bilobed, and cach of its Lwo lobes has two microsporangia (Fig. 9.29,
a-b). The anther thus has four microsporangia or pollen sacs, separated by a
parenchymatous connective which is a continuation of the filament. The filament may be
long so that the anthers extend beyond the perianth, or it may be small and even absent. In
bottle brush Callistemon lanceolatus, the long, red filaments of the large number of
stamens in each flower constitute the main ornamentation, giving the inflorescence the
characteristic bottlebrush-like appearance (Fig. 9.11). In Ricinus contmunis the stamens
‘are branched, so that each stamen bears several anthers (Fig. 9.30). :

Microsporangium

Anther
Vascular bundle

Conneclive

Filament

Fig. 9.29: a) A stamen with filamenl and twa lobed anther. b} Anther in cross-section showing four
microsporangia. .

Fig. 9.30: Ricinus communis. A branched stamen.

Each microsporangium has a wall consisting of-an epidermis, an endothecium, one, two
or several middle layers and a tapetum (Fig. 9.31). Sporogenous cells in the pollen sac

Epidermis
Middle layers Conneclive
Endothecium
Tapelum
[y :. ."'.

A .:u‘-."
Sporogenous ; 3 - Sporogenous
tissue b tissue

Fig. 2.31: T.S. of an anther with four micrusporiangia.
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form microspore mother cells which undergo meiosis and produce haploid microspores or
pollen grains. When the anther is mature, it dries up, endothecial cells with characteristic
cellulosic thickenings shrink and each anther lobe opens along a stomium to release the
pollen grains. Some anthers dehisce by means of transverse slits or pores.

The stamen has one slender vascular bundle which extends into the connective. This
bundle shows little differentiation and even at maturity it has poorly organised xylem and

phloem. Some primitive angiosperms, such as Magnolia and Daphniphythan, have three
bundles in each stamen.

In Austrobaileya and Degeneria (Bailey & Swamy, 1949; Fig. 9,32 a-b) the stamens are
‘dursivcntrally flatened, leaf-like and bear the sporangia in superficial position on either
side of the midvein. In Degenaria three vascular bundles enter the base of the stamen and
in Austrobaileya only one. The stamens of Degeneria are cansidered the most primitive

among living angiosperms. Interestingly, flowers with such primitive type of stamens also
possess flat carpels of a primitive kind.

f‘ig. 9.32: a) Austrobaileva Leal-like stamen with superfacial anthers on both sides of midvein,
b) Degeneria show [eal-like statnen with threc vascular hundles,

In many polyandrous flowers with numerous stamens, Wilson {1937) observed that the
vascular supply to the stamens branches in a dendroid manner within the receptacle (Fig.
9.33). He concluded that these branched staminal bundles indicate that the stamens were
branched in the ancestral flowers.

Fip. 9.33: A portion of the receptacle of Mesembryanthenurm viewed rom within. ¥ascular bundles

(drawn in outlinc} supply (he perianth members 2nd the receptacular tissue, Those in black
supply the stamens and staminodes.

9.7.4 Gynoecium

The gynoecium of a flower may consist of only one carpel, or a number of carpels which
may be free or fused. In either case, it usually consists of (f) basal ovary which contains
in its cavity one or more ovules (Fig. 9.34); (3i) style, an extension of the ovary wall
which is a hollow tube or has parenchymatous tissue for transmission of pollen tube; (iii)
stigma, at the tip of the style, which may be dry or wet, papiliate or hairy, to receive the
pollen grains and provide conditions for their germination, In the ovary the ovules are
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altached to certain thickened regions of the ovary.termed placentae. The placentae may be

parietal (ovules attached to avary wall; Fig. 9.35 a), axile {to a central axis ina
multilocular ovary; Fig. 9.35 b), basal (single ovule attached to the base of the ovary; Fig.
9.35 ¢) or free central {many ovules on a central baszl oulgrowth which does not partition

the ovary; Fig. 9.35 d).

Fig. 1.35: a) Aa ovnry with parictal placentation. b) Synearpous, trilocular ovary with axile placentation.

) A single basnl evule. d) Free céntral placeniatian.

[n most of the flowers the ovary is situated above other floral appendages. Such a flower
is hypogynous and the ovary is regarded superior (Fig. 9.36 a). In some flowers (c.g.,

v

coriander. banana) the ovary is enclosed by a disc formed by fused bases of sepals, petak.

and stamens so that their free portions arise near the tip of the ovary. Such a flower is
epigynous and its ovary is inferior (Fig. 9.36 b). Flowers that display intermediate
condition are termed perigynous (Fig. 9.36 c).

Unlike other foral organs, the gynoecium persists after fertilization and its ovary forms
the Fruit. The carpels, therefore, more often have a thick mesophyll with a network of
vascular bundles. The cells may be chloraphyllous and even in carly slages soime

~ scattered celis or layers may be differentiated as sclereids.
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Fig. 9.36: a) Hypogynous flower (superior ovary). b) Eplgynons flower (inferior ovary). ¢ Perigynouns
Nower (semi-inferior ovary).

A carpel may receive one, three, five or even more traces, but most commonly each carpel
receives three traces (Fig. 9.37 a-d). The median or dorsal carpe] trace, leaves the
receptacular stele at a lower level than the marginal or ventral traces (Fig. 9.38 a). The.
ventral bundles may be free (Fig. 9.37 a-b; 9.38 a), partly (Fig. 9.37 ¢; 9.38 b} or completely |
(Fig. 9.37 d; 9.38 ¢) fused. The dorsal bundle is regarded homologous to the midrib of the
leaf. In syncarpous gynoecia, the ventral bundles may be free (Fig. 9.39 a-b) or fused (Fig. |
9.39 c) and located lateral to the dorsal bundle (Fig. 9.38 a-c). If the carpels are folded inward:
the marginal bundles become ventrally [ocated relative to the dorsal bundles {Fig. 9.39 a-c). |
As a result of the inward folding of the carpel margins the ventral bundles become inverted at:
an angle of 180°, i.e., their phloem is directed towards inside and xylem towards outside.
Both dorsal and ventral bundles branch in the ovary wall. The ovules receive their vascular
supply from ventrai carpellary bundles or their branches in the placentae. !

T RCT "“:‘—7—'-‘-—"-rr—"--vr‘—ﬁ

Ventral bundles

= .
- -
Dorsal bundle
a ¢ d

b
Fig. 9.37: 2-d} A carpel with ene dorsal bundle and two ventral free {2-b), parily fused (c) or completely
fusead (d) bundles.

Fig. 9.38: a—) Diagrams illustrating the carpellary vascular supply. a) A earpel supplicd by three traces
which remain unfused within the carpel up to the stigma, b) A carpel in which the ventral
traces arise fused, but in which they separate in (he basal portion of the carpel. ¢) A carpel in

134 which the two ventral traces are fused from the base of the carpel.
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Ventral bundles and Seeds

Dorsal
bundles

Fig. 9.3%: n-c) Seclions of (ricarpellary, syncarpous ovaries, each carpel having a dorsal and two ventral
free {a-b) or Fused (¢) Bundles.

If more than three traces enter a carpel, additicnal traces form bundles between dorsal and
ventral bundles and are designated as lateral bundles.
Bundle fusion

As aresult of cohesion offloral organs, often the lateral and marginal vascular bundles and
traces fuse. In calyces of species in different genera of Lamiaceae (labiatae) various stages
of vein fusion are secn (Eames, 1931). In Mepera each sepal has a main vein and two lateral
veins (Fig. 9.40 a,b). In 4juga the neighbouring lateral veins are fused (Fig. 9.40 ¢,d). In
Salvia two pairs of lateral veins dre fused while the others remain free (Fig. 9.40 €).

Laieral bundle

Miain vein Fused lateral bundle Free lateral

a b ’ c d .8

Fig. 9.40: a-b) Nepeta sp. A calyx spread out to show that lateral bundles are unfused. b) Cross-section of
same showing five main veins alternating with unfused lateral velns, e-d) Ajuga. ©) Calyx
spread out and d) Crass-section of calyx to show fused lateral bundles. £) Cross-sectlon of calyx
of Salvia sp. in which two pairs of lateral bundles are fused while others remain free.

9.8 MORPHOLOGICAL NATURE OF STAMENS

In view of their similarity in origin and anatomy, there is now little doubt that the sepals and
petals represent modified leaves. However, opinions still differ regarding the morpholopy
and evolution of the stamen and carpel (Parkin, 1951). The most common interpretation is
that these organs too are homologous to the leaf. On the other hand, some morphologists
have tried to explain the development of the stamen on the basis of telome theory. According
to this theory the stamen has developed by reduction and fusion from a primitive
-dichotemously branched axis that bore sporangia at their tips (Wilson, 1942). Melville (1962,
1963} has suggested that the androecium consists of basic units calted gonophylls, each of
which consists of a sterile leaf with an epiphyllous dichotomously branched system bearing
male organs (Fig. 9.42 a). Bailey and.his co-workers (Baily & Nast, 1943; Bailey & Swamy,
1951) have emphasised on the broad, leaf-like stamens of Degeneria, which have no
distinction in filament, anther or connective. The stamen has three vascular bundles and two
pollen sacs are formed between the median and lateral bundles. Similar stamens have been
described in Ausrrébaileya and Himantandra which also belong to the Ranales and in certain
genera of Magnoliaceae. In the Magnoliaceae intermediate stages are found showing
transition from broad stamens with three bundles and laminar pollen sacs to stamens with
distinct filaments and anthers. Based on such studies, most of the authors now agree that the
stamen may be described as “a primary bifacial organ of phyllomic nature with a marginal -
srowth zone developing into pollen sacs” (Canright, 1952), The transition from a petal to
stamens in Nymphaea is illustrated in Fig. 9.4] a-g. 135
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Fig- 9.41: (a-g): Nymplaea. Diagrams itlusirating the stages in evolution of siamen from a leaf-like petal.

9.9 PHYLOGENY OF THE CARPEL

The morphological nature of the carpel has been much debated. Some of the
interpretations are discussed below:

()

(i)

(iii)

Wilson (1942) proposed that the carpel, like the stamen, has developed from fertile
telomes. The sporangia—bearing telomes fused to form a leaf-like organ which bore
ovules on its margins. Involution of margins of such a hypothetical organ could have
resulted in development of the ovary with enclosed ovules.

Melville (1962) proposed his gonaphyll theory according to which both androecium
and gynoecium are composed of basic units, called gonephylls, each of which
consists of a sterile leaf with an epiphyllous dichotomously branched system (Fig.
9.42 a). When the fertile branch bears organs of only one sex the terms androphyll
and gynophyll are used. A compound gonophyil with both male and female organs
is termed androgonophyll, whereas the sterilized blade, divorced from its fertile
branch, is called tegophyll. Evolution has occurred along several lines as a result of
fusion and reduction of gonophylls in different patterns. For example, an ovary with
free central placentation could have been formed by fusion of ovuliferous branches
to form the central placental column, while the ovary wall was formed by fusion of
tegophylls. The follicle represents a single condensed gynophyll in which the ventral
bundles represent the two halves of the dichotomous ovuliferous branch system,.
Meeuse (1965) has suggested that there are two principal morphological categories
of gynoecia, the pscudoangiospermous and pseudophyllosporous. His interpretation
of the gynoecium of Engelhiardia (Juglandaceae) suggests that the stigma is a flared
micropyle projecting beyond the outer envelope of a naked ovule. Such an
arrangement looks remarkably similar to the strobilus of the gymnosperm Gretum.
Pseudophyllosporous gynoecia arc interpreted in terms of gonoclads and stegoclads,
in a manner comparable to Melville’s use of gonophylls. The carpel wall represents
the outer integument (Fig. 9.42 b).

Sterile leaf

\\\ Lyichotomous
branch system

Stigma

Carpel wall

Fig, 9.42: a) Mclville's gonophyll, consisting of 2 wide leaf with an epiphyllous dichotemously branched

(iv)

system bearing male organs, b) Pseudo-angiospermous gyneccium l Engethardia.

According to the classical concept, traced back to Goethe in the eighteenth century,
the carpel is derived from a fertile leaf, the margins of which bore ovules. The
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margins became involuted and fused between themselves or with the margins of
other carpels, so that the ovules became enclosed in locule.

Bailey and Swamy (1951) described a carpel in Degeneria which, in cross section, can be seen
to consist of a folded organ of which the margins flare outwards and remain unfused. This type
of carpel has been termed conduplicate (Fig. 9.43 a-f). The flared margins have stigma-like
characteristics and receive the pollen grains. Two rows of ovules are situated on the inner
adaxial surface. These ovules are supplied with traces from both dorsal and ventral bundles
{Fig. 9.44). From such a conduplicately folded carpel, the common type of angiospermous
carpel has been formed by closure and restriction of the stigmatic margins to the upper part of
the carpel. The number of ovules was reduced and these remained only in the lower portion of
the carpel, which enlarged while the upper part differentiated to form style and stigma,
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Pollen tube

s 5p. a) Lateral view showing the stipmatic margins; b) Cross

¢ ovules and the penctration of a pollen tube; ¢-f)
y carpel from the

Fig. 9.43: (n) Conduplicate carpel ol Drimy.
section showing the portion of th
Dingrammatic representation of the devclopment of the present da

conduplicate carpel.

Ovule

Dorsal trace

Ventral trace

Fig. 9.44: General @arpel showing ovules receiving vasculur supply from both dorsal and ventrnl bundles.

SAQ 4

Match column A with the words/names given in column B.

Column A Column B
Flowers that mimic moths and butterflies are seen in (2)  Emuphorbia

(b)  Shoe flower

~ =

Bright red, whular and fleshy corolla accurs in
. flowers of )
3. Perianth is absent or inconspicuous in flowers of (c)  bottlebrush
4, A flower with many free carpels (dy silk collon tree
5. Inflorescence without a lerminal flower is seen in (e) Agrimonia
6. Cyathium is observed in (D silver oak
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7. Stamens fuse to form a staminal tube around () Orchidaceae
the gynoecium in i
8. Prominent, showy stamens characterise the flowersof (h)  grasses

. An inflorescence with a terminal flower OCCurs in (i) butter cup
10. Sepals are omamental and petals are reduced in ) Cleome
SAQ5

Fill in the blanks: _

1. Lareral fusion of floral organs in a whorl is known L

2. When stamens are fused with the corolla these are described as ...

3. Each carpel receives three traces, one ........... ceemeveniees AN WO v
4
5

In Abutilon the sepals have trichomes which secrete
In the ovary ovules are attached at e —————

SAQ6

Describe the floral anatomy of Aguilegia with the help of a suitable diagram.

SAQ 7

Summarize the various theories which explain the morphological nature of the carpel.

9.10 FRUITS i

In LSE-06 Unit 6 you have already studied about fruit, its formation and dispersal in
detail. Here we are dealing with the diversity in fruits. o

Following pollination and fertilization, the ovules get transformed into seeds. At the same
time, the carpels, or more specifically the ovary which encloses the ovules, undergoes
certain changes that culminate in formation of the fruit. The ovary which contains-the ripe
seeds is the fruit. The fruit protects the seeds 1il] these are mature and facilitates their
release or dispersal at an appropriate stage. In primitive families such as the
Magnoliaceae the fruit opens while still on the tree and the seed itself is the unit of
dispersal. In milkweed, Calotropis procera (Fig. 9.45 a) and silk cotton tree, Bombax
ceiba the hairy seeds discharged from the open fruits fly away in the air. However, in’
most of the flowering plants the function of dispersal is atleast partly transferred to the
fruit. For example, the coconut fruit is itself adapted to dispersal in sea water.

In Impatiens (Fig. 9.45 b,c) and Euphorbia species the fruit bursts open and throws away
the seed to some distance. Fruits of several members of Compositae (Asteraceae) (Fig.
9.45 d) have hairy or prickly Pappus with the help of which these are carried to long
distances by animals. Fruits of the mistletoe Viscum album gel eaten by birds and the
seeds are discharged with the faeces. The structure of any fruit is, therefore, to be viewed
int the light of its adaptation to protection and dispersal of seed.




9.45: a) Calotrapis procera. Fruit with hairy seeds. b-c) /mpatiens sp. b) Longltudioally sectioned
closed fruil. ¢ A fruit of which the valves have curled inward and in doing so have ejected the
seeds. d) Fruit of a member of Compositae with hairy pappos [or dispersal.

Fig.

9.10.1 - Simple and Compound Fruits

A simple fruit is produced from a monocarpellary or multicarpellary, syncarpous
gynoecium of a flower. Multiple fruit consists of gynoecia of more than one flower
cohering or connate on a commen axis as in pineapple, Ananas comosus (Fig. 9.46 a).
Aggregate fruit develops from carpels of one gynoecium which are free in the flower but
coherent in the fruit as in custard apple, Annona squamosa (F1g. 9.46 c). The term
compound fruit is some time used for both multiple and aggregate fruils. .

Ovary
. §€ | i 7
3 4 Flower stemn eceptacle__r_.
! One flower
J Sepal, }

Sepal

Ovulem_
Ovaryh Y )

Receplacle/"

Fig. 9.46: a) Multiple fruit of plueapple. b) False fruit of strawberry. ¢} Fruit of Annona squamosa. d) L.S.
of apple showlng the receplacle and fused perienth surrounding the ovary with seeds.

-
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9.10.2 False Fruits

Fruits in which floral organs other than carpeis are present are termed accessory or false
fruits. The accessory organs contributing to formation of false fruit (also called
pseudocarp) may be the floral receptacle, pedicel, inflorescence axis, sepals. petals or
bracts. In strawberry, Fragaria spp. (Fig. 9.46 b) the floral receptacle or thalamus extends
around the ovary 1o form the fleshy, red edible fruit, In apple, Pyrus malus (Fig. 9.46 d)
the floral tube formed by the floral organs and receptacle around the inferior ovary
together constitute the bulk of the fruit. In Jackfruit, Artocarpus heterophylius the
perianth, and in ananas the bracts surrounding the compacltly arranged flowers in the
inflorescence participate in formation of the fruit.

9.10.3 Types of Fruits

The wall of the true fruit is termed pericarp. Pericarp of the mature fruit is often
distinguishable into three regions. In mango, Mangifera indjca, for instance, the outer
skin or peel represents the exocarp or epicarp. Fleshy and juicy middle portion, which is
edible, is the mesocarp. Inner shell or stone is farmed by the endocarp which encloses a
soft seed. In pumpkin, Cucurbita pepo the exacarp is hard and the mesocarp and
endocarp are fleshy. On the other hand, in tomato, Lycopersicum esculentum or guava,
Psidium guajava the entire pericarp is soft. Mostly hard fruits such as those of almond
have soft seeds, and soft fruits like grapes and guava have hard seeds.

Fruits of different plants display a rich diversity of size, shape, structure, texture,
chemical composition and dispersal mechanism. The size varies from tiny caryopsis of
grasses and schizocarp of fennel, Foeniculun vulgare to large drupe of coconut, Cocos
nueifera and pepo of pumpkin. While a caryopsis of wheat or a drupe of coconut conrain
only one seed each, the berry of tomato may contain hundreds, and the capsule of poppy,
Papaver spp. thousands of tiny seeds.

The fruits are classified mainly on the basis of whether these are dry and hard or soft and
fleshy, and on the basis of whether the fruit dehisces when mature or remains intact even
after ripening (see Fig. 9.47). Based on these criteria the frutts are classified into
categories about which you have already read in LSE-06 Unit.

—TEETTE T

9.11 FRUIT DEVELOPMENT

The amount of growth and modification that occurs during fruit development is quite
diverse in different plants. In grasses, including cereals like wheat and maize, the froit
having only one seed is quite small. The ovary wall undergoes little or no cell divisions.
Cell enlargement, differentiation and sclerification are sufficient for fruit development. In
grape, Vitis vinifera some cell divisions occur which can account for doubling of the size
of the ovary, but cell expansion results in 3000 per cent increase in fruit size. On the other
hand, large fruits with many seeds {e.g., brinjal, watermelon) must have considerable
amount of cell divisions. In Prunus virginiana (Labrecque ct al., 1985) the fruit
development occurs in three phases. There is an initial phase of expansion of cells of the
carpellary wall, then a period of cel] divisions and, finally, another phase of cell
expansion. In avacado, Persea americana the fruit wall undergoes cell divisions
continuously till the fruit is mature, -

It is believed that the pollen (ubes during their passage from the stigma to the ovules
secrete an enzyme which is capable of converting tryptophane into an active hormone.
Pollen tubes growing down the style synthesize auxins which diffuse into the ovary and
induce its growth, Additional supplies of hormones apparently come from young seeds,
so that normally both pollination and fertilization are necessary for formation of the fruir.
Nitsch (1951) showed that unpollinated flowers of tomato grown in sterile culture could
be induced to form fruits if treated with auxins. In fact, this knowledge is utilized in
comnterce for hastening the ripening of fruits such as banana and mango by treatment
with ethylene or cthrel, which helps in release of auxins.

The study of diversity of fruit structure does not require any laboratory or visit to a
botanical garden. The fruits in our immediate neighbouhood, and those which we buy for
consumption, are enough to reveal the rich diversity. In the present study, we should ry
to undersiand the following four casily available fruits.
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9.11.1 Citrus Fruits

The fruit of orange or lernon is a type of berry. The exocarp, termed flavedo,
includes the cuticularized epidermis and adjacent parenchyma with flask-shaped oil
glands (Fig. 9.48 a,n). There is a loss of chlorophyll and increase in carotencids in
the parenchyma which gives the ripe fruit a yellow or orange colour. The mesocarp,
termed albedo, has white loose, branching parenchymatous celis with plenty of
intercellular spaces. It is a rich source of pectin, used for making jams and jellys. |
Vascular bundles ramify through the mesocarp.ianer epidermis of carpels and
several layers of compact parenchyma constitute the endocarp. It forms the
membrane-like locular layer which encloses the juice sacs'and seeds. The juice sacs
are stalked outgrowths arising from epidermal and subepidermal cells of the
endocarp and projecting into the locules (Fig. 9.48 ¢). Their large vacuolated cells g
contain juice, :

The peel of the citrus fruit consists of the exocarp and much of the mesocarp. In some

species such as orange mesocarp tissue is easily torn so that the peel and the carpellary :
segments can be easily separated, whereas in others such as lemon the mesocarp is firm
and the peel and segments are not easily separable.

Fig. 9.48: Mlcrographs of portions of the pericarp of Cifrus. a) Culer portion. b) Inner portion. c) A sl}1gle
julce sac.

9.11.2 Appie

The fruit of apple, Pyrus malus is described as a pome, a type of drupe. It is a false fruit
composed of an inner core consisting of five unfused carpels, and the surrounding fleshy
part (which is edible) made up of fused and enlarged basal parts of sepals, petals and
stamens (Fig. 9.46 d). The receptacle participates in formation of a smal} portion of the
basal part of the fruit. The carpellary core is separated from the outer aggregate, fleshy
part by a “core line" consisting of smaller cells. The ovarian part of the compound fruit
wall, termed hypanthium, has parenchymatous exocarp and mesocarp (Fig. 9.49),
Cartilaginous endocarp, composed of 5-6 layers of sclereids, lines the ovarian locules

" which bear dark seeds. Each carpel has a dorsal bundle and two ventral bundles. The

outer part of the hypanthium has ten vascular bundles, five belonging to sepals and the
other five to petals. The outer epidermis has a thick cuticle. Stomata are replaced by
lenticels as the fruit develops. Inside the epidermis is several layered collenchyma with

- thick-walled tangentially elongated cells. Internal to this zone is parenchyma with radially

oriented cells having plenty of air spaces.




Petal bundle ~ Sepal bundle : e Soat

Quter border of
carpels (core line)

~ Dorsal carpellary bundle
Ventral carpellary bundle

A
Bundles connecting.the

Cartilaginous Seed dorsal and ventral bundles

pericarp Fleshy pericarp

Fig. 9.49: Dlagram of a cross-section of the fruit of apple.

9.11.3 Banana

The fruit of banana represents a berry. Wild banana has 3-chambered, seeded, fruits (Fig.
9.50 a,b), but cultivated banana, Musa paradisiaca is seedless and fleshy (Fig. 9.50 c-d).
The petl of banana represents the exocarp, consisting of cuticularised epidermis, several
layers of compact hypodermal parenchyma, and a broad zone of aerenchyma with

_ vascular bundles and laticifers. Mesocarp is composed of 5-7 layers of radially elongated
pulp-initiating parenchyma cells. Endocarp is represented by the inner epidermis. The
septae dividing the tricarpellary ovary have outer and inner epidermal layers, central
parenchyma with parallet vascular bundles and hypodermal pulp-initiating cells.
Proliferation of pulp-initiating cells of the mesocarp and septae in cultivated banana
results in filling up of the locules with pulp. Starch is deposited in the pulp in initial
stages but, later, starch is converted to sugar in the table varieties of banana.

Vascular bundles

Fig. 9.50: Transverse section of wild and cultivated banana. A) An ovary of wild banana at young atage. b}
Mature fruit showing three chambered condition with seeds, pulp formation is negligible. ¢) Qvary
of cultivated banann and &) maturce fruit showing pulp formaticn from mesocarp and septae.

9.11.4 Legume

The pod in the Leguminosae develops from a single carpel which splits open at maturity
along both ventral and dorsal sutures, exposing the seeds attached along ventral margins.
The exocarp consists of the outer epidermis with thick cuticle. Mesocarp has relatively
thick-walied parenchyma. This region has vascular bundles which are often accompanied by

some sclerenchymatous cells. The endocarp consists of sclerenchymatous tissue on the

inside of which may be a few layers of parenchyma and a thin-walled inner epidermis.

Sclerenchyma of the endocarp may consist of either one zone of sclereids arranged

uniformly in one direction (e.g., Asiragalus macrocarpus Fig. 9.51 a) or of two zones in 143
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which (he orientation of sclereids differs (c.g., Astragahis homasus). Dehiscent pods usuall
have cross-orientation of sclerenchymatous cells. Such pods also have solt separation tissti
in the region of the sttures. The pad when dry twists in such legumes resulting in scparatiol

of the two halves of the fruit along the sutures. Pericarp in Acacia radiana has sclercids in
the exocarp as well as endocarp (Fig. 9.51 b) such pods are hard and indehiscent.

Fip. 9.51: a} Astragalus sp. cross-section of pericarp with sclercids in endocarp, b) Aercia radiona. same
with sclereids in exocarp and endncarp. .

SAQS

Write whether the statement is true or false in the given brackets. Write T Jor true, and F
for false statement.

i) The ovary which contains ripe sceds is known as fruit.
ii) In Jurpatiens the fruit is indehiscent.

iii)  Pineapple is 2 compound fruit.

iv)  Inmango the entire pericarp is soft and fleshy.

v) Hard fruits usually have soft seeds.

vi)  Inorange juice sacs arise from the endocarp.

vii)  Pod in Leguminosae develops from two carpels.

P e ———
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9.12 FRUIT ABSCISSION

On any tree a number of young fruits abscise and fall. An ovary having a single ovule
would usually abscise if not fertilized. For an ovary having several ovules, a certain
minimum number of ovules must get fertilized for the fruit to develop and persist. Since
fruit drop causes considerable loss in any orchard, the cause and mechanism of fruit
abscission are of great importance, Formation of an abscission zone consisting of small,
thin-walled squat cells, similar to that of the leaf pedicel, has been described in fruir stalk
of mango and avocado. Tyloses, which can block the flow of water, are often observed in
the stalk of abscised fruits. During the phase of ripening, dissolution of the middle
lamella occurs in the cells of abscission zone resulting in shedding of the fruit.

In cotton it has been shown that abscission is accelerated by abscisic acid and
gibberellins. On the other hand, auxins prevent abscission of the fruit. Auxins synthesized
by the seeds inhibit abscission of the Iruii. Because of this mechanism ovaries witl

unfertilized ovules tend to abscise, whereas ovaries witl developing seeds grow into ripe
fruits.
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9.13 APOMIXIS ;

Plants in which the usual sexual process of reproduction is completely replaced by asexual
methed of reproduction are called apomictic. According to Winkler (1908} apomixis may
be defined as substitution of the usual sexual process by a form of reproduction which does
not involve meijosis and syngamy. There are two main types of apomixis.

'9.13.1 Vegetative Reproduction

Propagation of the plant is by a part of the body other than the seed. For example, saffron,
and gladiolus plants are propagated by their underground modified stem called corm. *
Being sterile, the plants do not produce fruits or fertile seeds.

9.13.2 Agamospermy

Plants in this category are propagated by seed, but the embryo is formed without the
involvement of meiosis or syngamy. Three types are recognised,

a) Adventive embryony: Sexual embryo sac develops normally. Agamospermous
embryos arise from diploid sporophytic cells of the ovule, i.e. nucellus or
integument. Zygotic embryo may degenerate or compete with the apomictic
embryos. Some species of Citrus, Mangifera (Fig. 9.52) and Opuntia show
adventive embryony.

b} Diplospory: An archesporium differentiates in the ovule, but the megaspore mother
cell does not undergo meiosis. Instead, it divides mitotically and develops into
unreduced embryo sac (e.g., Aerva romentosa). The embryo is formed by divisions
in unfertilised egg (parthenogenesis) or some other cell of the embryo sac
(apogamety). |

c) Apospory: A somatic cell of the nucellus enlarges and divides to form the unreduced
embryo sac. Its diploid egg develops into embryo (e:g., Poa spp.) without syngamy.

Fig. 9.52: Mangifera odorata. A part of scction of seed showing embryos arising from nucellar cells.

9.13.3 Parthenogenesis

Development of egg into embryo without syngamy is termed parthenogenesis. Diploid
unfertilized egg of diplosporous or apesporous embryo sacs can develop into embryo
without the participation of male gametes. In some Asteraceae and Rubiaceae the
development of apomictic embryo is independent of pollination stimulus. However, in
many other apomictic species (e.g., Citrus spp.) embryo develops only after pollination,
Such a phenomenon is known as pseudogamy. According to Heslop-Harrison (1972)

pollination is required in pseudogamy for: {a) activation and growth of ovary and ovule; 145




Flowering Flants (b) supply of male gamete for endosperm development; and (c) to stimulate

parthenogenesis.

Most of the apomicls are of hybrid origin and are polyploid. Because of abnormal mejosis
their pollen grains are usually sterile. Such pollen is capable of providing pollination
stimulus but cannot contribute haploid male gamete for syngamy. Apomixis offers the
possibility of indefinite multiplication of specially favourable biotypes.

9.13.5 Parthenocarpy

Development of fruit without fertilization of ovules inside is known as parthenocarpy
(Nitsch, 1965). Parthenocarpic development of fruit may require pollination stimulus :
{stimulative parthenocarpy) or it may occur in unpollinated flowers (vegelative F
parthenocarpy). Edible banana, pineapple and figs are examples of parthenacarpic fruits.

Three types of parthenocarpy are recognised:; -

a)  Genetic parthenocarpy: This type of parthenocarpy arises due to mutation or T
hybridization. The naval orange, for example, has arisen from a normal seeded
Citrus variety through mutation in an axillary bud which grew out into a branch
bearing seedless oranges. : -

b) Environmental parthenocarpy : Low temperature, frost, fog and other
environmental extremes may interfere with normal reproductive phenomena and )
bring about parthenocarpy. Osborne and Went (1953) induced parthenocarpy in 3
tomato with low temperature and high light intensity. i

¢} Chemically-induced parthenocarpy : Auxins and gibberellins at low
concentrations have been utilized to induce parthenocarpy in plants which bear :
normal seeded fruits (Balasubramanyam and Rangaswamy, 1959). Auxins have
been used for obtaining parthenocarpic fruits in tomato, strawberry, cucurbits, figs
and guava. Gibberellic acid has been used to induce parthenocarpic devclopment of
fruit in apple, grape, figs and tomato. :

Parthenocarpic fruits are of great importance in horticulture because seedless fruits are L
not only more convenient for raw consumption but are also in great demand in jujce and '
jam industries,

SAQ9
Describe the various types of fruits and give at least one example of each.

SAQ 10

9.14 SEED

Following fertilization, the ovule undergoes a series of changes. The fertilized egg or
zygote forms the embryo, which is the forerunner of next generation of sporophyte. The
central cell nuclei fuse with the second male gamete (discharged by the same polten wbe)
to form a fusion nucleus, which divides to give risc to the endosperm. The endosperm
) nourishes the embryo. In later stages it usually stores food which is utilized during seed
146 germination for nutrition of the young seedling,.
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While the 8mbryo and endosperm are developing inside the embryo sac, the ovule . ond Sceds
itself undergoes a series of changes. The nucellus generally degenerates and makes
way for expansion of endosperm. However, in some plants such as black pepper,
Piper nigrum the nucellus persists as perisperm and serves as a nutritive tissue in
addition to endosperm. In hard fruits such as coconut, almond and groundnut, the seed
coat is thin and membranous as the protective role is performed by the pericarp.
However, in majority of plants, particularly those having thin or soft pericarp, one or
both integuments of the ovule form the hard sced coat. If the integuments thicken due
to cell divisions after fertilization these are termed multiplicative, otherwise these are
- described as non-multiplicative (Corner, 1976). External part of the seed coal -
contributed by the outer integument is termed testa, while the interior part formed by ’ .
inner integument is designated as tegmen.

A true seed is, thus, a fertilized mature ovule that possesses an embryonic plant, stored
food reserves in endosperm or perisperm (and in the embryo itself) and a protective seed
coat. The hard seed coat renders the seed impervious to water, gases and pathogens. The
seed can be in a state of inertness in seil for several years. With the availability of water
and optimal temperature the sced would germinate to form a new plant. In many
tropical trees (such as para rubber, Hevea brasiliensis) the seed has only a short period
of viability, the embryo inside dies unless the seed germinates in a few days. Other
seeds, particularly those in temperate and arid climates, have a dormancy period to
ensure that the germination is not initiated during the unfavourable period. However,
most seeds have sufficient viability period and can germinate when conditions suitable
for growth exist.

9.14.1 Pscudo—seeds

In a popular sense, the term seed is also applied to small single—seeded, indehiscent
fruits, such as the caryopsis of wheat or barley, cypsella of sunflower, mericarps of
coriander and the berries of black pepper. In these fruits the pericarp is fused or
closely adhering to seed coat. Bulb of onion (modified stem and lecaves), corm of
gladiolus, piecés of rhizomes of ginger and turmeric and slices of potaio tubers (all
maodified stem) are also referred to as seeds because these are used as propagules of
the plant.

9.15 DIVERSITY IN SEED FORM

The size, shape, colour and surface texture of seeds of flowering plants display a great

_deal of variation. The size ranges from dust particle-like seeds of orchids and pin-head
like seeds of poppy and mustard (o large seeds of coconut, Cocos nucifera and double
coconut, Lodoicea maldivica. Colour varies from white (melon) to yellow {mustard),
brown (linseed) and black (sapodilla). The seed surface may be smooth, wrinkled, ribbed,
furrowed, reticulate, hairy, pulpy or winged.

Pea and castor may be studied in greater detail to understand the parts of a seed.

93.15.1 Pea

A pod of pea has séveral seeds arranged in two rows. Each seed is attached to the
fruit wall by a small staik, the funiculus. At maturity the funiculus scparates from
the seed leaving a scar called hilum. A little below the hilum is a smatl pore, the
micropyle. The seed coat cannot be distinguished into testa and tegmen. When the
seed coat is removed, the embryo is exposed as there is no endosperm in the mature
legume seed. The embryonal axis bears two large cotyledons. The portion of
embryonal axis extending beyond the cotyledons is the epicotyl which has at its tip
the plumule or embryonic shoot axis (Fig. 9.53). The other part of the axis is the
hypocoty! which has at its end the radicle or embryonic root. In pea the cotyledons
function as the food storage organs. Outer epidermal cells of the seed coat form
characteristic palisade shaped macrosclereids (Fig. 9.54). The hypodermal layer is
made up of hand-glass shaped cells. Interior cells of the outer integument and the
inner integument degenerate.
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Cotyledons
Seed coat

Radicle

Shoot

‘Palisade cells

e Parenchyl.'nalous cells
of outer integument

Fig. 9.54: L.S. of seed coat of pea showing outer palisade layer.

9.15.2 Castor

The seed of castor is bean—shaped and at its tip it has a white collar-like structure called
caruncle. The caruncle is an outgrowth of the testa. The seed coat itself is distinguishable
into an outer membranous testa, formed from outer integument of the ovule (Fig. 9.55). The
tegmen’ inside is hard and brittle. Outer epidermal cells of the jnner integument form the
palisade—Tike sclereids. The mature seed is filled with endosperm, whose cells contain oil
and protein. A straight embryo extends from one end of the secd to the other. The embryo
has a radicle, hypocotyl, two leafy cotyledons and an epicotyl terminating in plumule.

|

Fig. 9.55: Riclnus communis, LS, developing seed showing carencle formed by the auter integument.
. Quler epidermis of tegmen forms the palisade layer ol sclerclds.
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9.16 SEED APPENDAGES

The seeds at maturity in many plants develop special structures which are useful in
dispersal. These structures are called appendages.

9,16.1 Caruncle

The while fleshy collar—like outgrowth around the micropyle develops from the swollen
tip of the outer integument in members of Euphorbiaceae (e.g., castor; Fig. 9.55). Being
- rich in starch and sugar, it is eaten by ants which help in seed dispersal.” -

9.16.2 Aril

It arises from testa or funiculus and surrounds the seed partly (e.g., Pithecellobium dulce)
or completely (Litchi chinensis). In Crossosoma californicum (Fig. 9.56 a) the aril is a
fimbriate outgrowth surrounding the seed. The aril often has an attractive orange or red
colour (as in nutmeg) and is rich in sugar and oil. It attracts Lhe birds which consume the
aril and discard the seed, thus dispersing it effectively.

-

9.16.3 Hairs

In cotton and silk cotton seeds the entire surface is covered by epidermal hairs. Members
of Apocyanaceae, such as oleander, have hairs on both ends of the seeds. On the other
hand, members of the milkweed family Asclepiadaceae (e.g., Calotropis procera, Fig.
9.45 2) have hairs on one pole of the seed. The silky white hairs render the seed light and
buoyant so that it is carried to long distances by wind.

9.16.4 Wings

Seeds of several plants such as Oroxylon (Fig. 9.56 b) and Tecoma species develop
appendages in the form of wings. These are outgrowths of the seed coat. Winged seeds
are dispersed to long distances by wind.

Fig. 9.56: a) A sced of Crossosoma having & fimbriate aril. b) Winped seed of Oroxylon.

SAQ 11
'Fill in the blanks.
i) Saffron is propagated By .o

ii} Reproduction without meiosis and syngamy is termMed .vovieeiesimnser e

{ii)  Parthenogenesis invelves formation of embryo from egg Without e -

iv)  Edible banana has ........c..cc.cconmniremeceneen. frUGL
Y) Caruncle is an owtgrowth of e

vi)  In nutmeg the seed is surrounded by an attractive .....cesenisiioenies -
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9.17 SUMMARY

After a period of vegetative growth, and often under certain climatic conditions, the
stem apex is modified to form a flower or inflorescence. The reproductive apex has
a parenchymatous core surrounded by a maritle of meristematic celis. The floral
parts, or the bracts, axillary branches and flowers in case of inflorescence, develop
from these meristematic cells. Sepals, petals, stamens and carpels arise in acropetal
order by periclinal divisions in second/third layer of the tunica,

The flower represents a determinate shoot. The appendages (sepals, petals, stamens |

and carpels) represent modified leaves. Primitive stamens are leaf-like and bear two £

superficial sporangia. These have evolved into stamens with slender filament and
terminal anther (having pollen grains). The leaf-like carpels of primitive
angiosperms folded conduplicately and gave rise to carpels with ovary (enclosing
ovules), style and stigma. :

The flower shows considerable diversity in relation to the mechanism of
pollination. Wind-pollinated flowers have reduced sepals and petals, whereas
animal-pollinated flowers have large, showy, often fragrant perianth,

Following pollination and fertilization the ovuies get transformed into seeds. The
fertilized egg forms the embryo. The central celi stimuli of the embryo sac,

following fusion with the second male gamete, form the nutritive tissue endosperm.

Nucellus usually degenerates, but sometimes it persists to form the perisperm. One
or both the integument may form the hard seed coat. The seed often has

appendages such as axil, caruncle, wings or hairs for effective dispersal of the seed.

The carpels which enclose the seed(s) undergo enlargement and modification to

form the fruit. The fruit protects the seeds till these are mature and helps in their

release or dispersal at an appropriate stage. Fruits are classified on the basis of their +

composition, texture and mechanism of dispersal,
There is considerable interest in the reproductive phenomena which can be

controlled and exploited for human welfare. Fruit abscission can be accelerated

with abscisic acid or gibberellins and delayed with auxins. Apomixis involves
reproduction without involvement of meiosis and syngamy. For example, in Citrus
and Magnifera diploid somatic cells of the nucellus/integument form apomictic
embryos in the seed which are genetically similar to the parent plant. Development
of fruit without formation of seeds inside is termed parthenocarpy. Edible banana
and pineapple are examples of parthenocarpic fruits.

9.18 TERMINAL QUESTIONS

1.

Describe the parts of a typical flower and enumerate their functions.



2.

-3

4,

5.

What are the changes that accur in a vegetative shoot apex when it is converted to a
floral apex?

Enumerate how floral organs are initiated and how the primordia form distinct
sepals, petals, stamens and carpels.

The flower is a determinate shoot! Explain.

What are (e factors that lead to activation of the ovary to form fruit.

6. Write short notes on the following:

i}  Phylogeny of the carpel.

Flowers, Fruits
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ii) Morpholégical nature of stamen.

iit) Fruit abscission.

iv) Adventive embryony.

v)  Parthenogenesis




vi) Parthenocarpy

vii) Seed appendages.

viil) Pseudo-sceds.

9.18 ANSWERS

Self Assessment Questions

Vi b

A flower represents a determinate shoot in which the internodes are shortened or
obliterated. At the nodes are borne sterile (sepals and petals) and fertile (stamens
and carpels) appendages which represent modified leaves. Gymnospermous cone
has a central axis with spirally arranged sporophylls. Male cone has
microsporophylls having microsporangia on abaxial surface. Female cone has
magesporophylls with naked ovules on adaxial surface,

l—c;2—a;3—bi4—e;5—d.

See section 9.2.

l-g;2-d;3—-hyd4-1§ 5—j;6—-a,7-b;8-c;9—¢ 10-f
1. connation

2. epipetalous

3, dorsal, ventral

4. neclar

5. placentac

6.

See section 9.6, Fig. .27
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1.
il.

See section 9.9

iil.
iv,

v,

vi,
VII.

MHAG Ty

See section 9.0
Sce section 9.1

i
ii.
il
iv.
v,
vi.

comn
apontixis
Syngamy
parthenocarpic
outer integunient
aril ’

Terminal Questions

|
2,
3.
4
5

&

See section 9.2
See section 9.3
Sce seclion 9.4
See section 9.5
See section 9.] |

viii.

See seclion 9.9

See subscction 9.2.3
Sec section 9,12

See subsection 9.13.2
See subsection 9.13.3
See subscction 9.13.4
See section 9.16

See subscction 9.14.]
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UNIT 10 POLLINATION BIOLOGY
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0.1 Introduction
Objeclives .
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(0.4 Specific Pollinators and their Behaviour
104.1 Buees
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10.4.6 DBals
10.4.7 Moths and Buterdlies
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10.6 Legitimate Pollinators vs Hlegitimate Visitors

10.7 Deception of Flower Visitors

10.8° Summary

[0.9 Terminal Questions

10.10 Answers

10.

1 INTRODUCTION

In this unit we shall introduce you to a fascinating subject, i.c., pollination in flowering
plants which usually, but not always, involves some interaction between plants and
animals/insects, From your study of Unit 3, Block-1, LSE-06 course you are already
familiar-with the term pollination, how it occurs, and what are the pollinating agents or
vectors. In this unit you would study some more aspects of pollination biology. viz., the
diverse kinds of biotic pollinating vectors, their behaviour and adaptations to the plants.

You

would also learn about a few instances of larceny, theft, deceit and robbery in

relation to pollination, and see that how some plants have learnt to turn the table on the
.insects by deceiving them, yet availing their services in effecting pollination!

Objectives

After studying this unit you should be able to:

o recapitulale the meaning of pollination, describe its significance, and enlist the
various vectors of pollination; ]

e list a few contrivances by which planls ensure cross-pollination and avoid/minimize
self-pollination;
identify, with examples, the attractants and rewards that plants offer to their pollinators;

e mention some examples of deterrents to ward off the visits of undesirable
animals/insecls;

e correlate the structural and functional features of certain flowers with the types of
their pollinators; and

o describe a few instances of coevolution between plants and their pollinators.

10.2 POLLINATION - A RECAPITULATION

Pollination involves the transfer of pollen from the male to the female reproductive
structures of plants. A flower can only produce offspring in the form of viable seeds if
pollen from the same species is deposited on its stigma at the time of anthesis. The
completion of this event accomplishes pollination. Depending on the source of the pollen,

two

types of pollination may be recognized. (1) Self-pollination involves the transfer of

pollen from anther to stigma of the same flower or of another flower on the same plabt.
(2) Cross-pollination is the transfer of polien from one flower to the stigma of a flower
of another plant of the same species.
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Many specics are regularly self-pollinated, This usually occurs before the fiower has
opened fully. or by the growth of receptive stigma among the mature stamens. There are
olher species which undergo structural and functional modifications that tend 1o prevent
or minimize the possibility of self-pollination. Some such modiffcations will be discussed
a little later. Cross-pollination has several advantages as compared to self-pollination.
Cross-pollination increases the reshuffling of genotypes which, in turn, improves lhe
possibility of new genctic combinations. Consequently. the genc pool is diversified. The
resulting variations in the gene pool equip populations to expleit any changes or counter
any new stresses in the environment, :

From your study of Unit-3 of LSE-06 Course, you may recall that some plant species
resort to special devices to ensure cross-pollination. Of these, self-sterility is one. Another
device is that the androecium and the gynaecium do not mature at the same time, and this
phenomencn is calted dichogamy. In protogynous flowers, the pistils mature first and
the stamens afterwards, whereas in protandrous flowers, the stamens mature earlier than
the pistils. In some species of Primue, cross-pollination is achieved hecause of
heterostyly. In these species, some plants have flowers with long pistils and short
stamens whereas others have long slamens and short pistils. Another method to ensure
cross-pollination is dicliny, i.e., plants have separate male and female flowers either on
the same plant (monoecious), or on different plants (dioccious). All of these are effective
contrivances to prevent self-fertilization.

SAQ ]
Give bricf answers to the following:

a)  Name the key players in pollination.

b)  What is the outcome of pollination?

¢)  Can pollination be accomplished at any of the developmental stages of the flower?
Discuss, ’

d)  Cross-pollination is advantageous to plants because:

¢) Name some of the common devices (hat encourage cross-pollination in plants,
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10.3 FLORAL CHECKS AND BALANCES

Pollination is brought about by both living and nonliving vectors. Living vectors include
bees, beetles, butterflies, and various other kinds of insects, birds, molluscs, and
mammals. Non-living agents include wind and water. Flowers develop various structural
adaptations in relation to the type of vector. Such adaptations are rather complex in
insect-pollinated flowers.

In this unit, we shall be concentrating mainly on the living veciors. To recall the salient
features of pollination by non-living agents you may read Section 3.2, Unit 3 of the
LSE-06 Course. The relationship between the plants and their animal pollinators is of
various kinds. A plant species may be pohinaled by many kinds of insects, similarly, one
kind of insects may pollinate many plant species, indicating a loose relationship. In other
cases the relationship is very close, an extreme case being one in which a single plant
species is pollinated by a single animal species, the latter being fully dependent on that .
plant and it does not even visit any other plant species. Plants pollinated by living vectors.

share certain characteristics. They possess coloured corollas or perianths and produce a

sweet fluid called nectar. They also produce ceriain volatile compounds with distinct,

often unique smells. These characteristics act as means for attracting pollinators.

The primitive angiosperms are believed to have been pollinated by beetles that chewed
and consumed smali bits of the perianth. Many plants of such primitive families as
Magnoliaceae and Nymphaeaceae are still pollinated in this way. These members produce
little or no nectar. Neciar-sippers such as bees, flics, and butterflies evolved later, when
nectar-producing plants had evolved. Pollination by birds and bats is also more recent
than beetle pollination, because here again the principal attractant is nectar.

Besides nectar, some other means of attraction in various angiosperms include scents and
resins, visual-patterns and pigmentation, and pollen attachment or imitation.

Neclar is a sweel fluid largely
containing sugar and censtilutes the
raw malerial from which honcybees
make honey. Nectarics vary greally in
struclure and [ocalian, and may be
associated with any of the [lower parls.
Neetar can be scercled [rom the surface
of the receptacle (thalamus}, from the
spurs of the perianth, or frem the hairs
on the corella or the ovary. In many
Nowers, the nectary consisls of a ring
around the base of the ovary. [n some
plants, nectaries develop from medified
or reduced slamens or pelals.

A large proportion of flowering plants is pollinated by insects, chiefly bees, wasps,
butterflies and moths. Some flowers are also visited by beetles, flies, and other kinds of
insects. You may have noticed that insect-pollinated flowers are usually brightly coloured
and/or scented. Their pollen is quite heavy or sticky and is not easily blown by wind.
Many insect-pollinated flowers contain nectaries. These are specialized organs or tissues
that secrete nectar. Some insect-pollinated flowers have patterns on their petals that we
humans cannot see but that are seen by the insects whose eyes are sensitive to ultraviolet
radiations. Such patierns can be photographed using UV-sensitive films or with video
cameras equipped with UV-transmitting lenses, because glass cuts off UV, and hence
ordinary lenses are not suitable for this purpose.

Many examples of flower structure specifically adapted for pollination by particular
agents are*known (see Table 10.1; Figs 10.1, 10.2). Bee pollinated flowers usually have
petals that serve as landing platforms where bee5 alight. These flowers secrete nectar
from glands at the base of a tubular corella. As 3 bee probes for the nectar with its long,
slender tongue, its body hairs pick up pollen from the flower's stamens. Bees usually feed
on the flowers of one species at a time and thus distribute pollen to other flowers of the
same species. In bee-pollinated flowers, stamens and pistils are grouped together, this
facilitates the bee in picking up abundant pollen from a flower and delivering 1o other
flowers to effect fertilization. Figure [0.1 illustrates pollination in a bee-pollinated plant
Salvia pratensis.

Table 10.1: Floral characteristics associated with common types of pollinators.

T EETITT

Floral trails : . Pollinators
Bees Buiterilies Moths Birds Bats
Size Large Small Small Long . Large
Shapc Bilocral Tubular Fringed or Tubular Bowl or beaker
(symmetry) lohed - shaped
Colour Yellow, white, Red, white, bluc | Dull or while Red or sironp Drab or while
blue ) conlrasts
Scent Fresh, weak |, | Fresh, weak Sweet, slrong Nii Fishy, sirong,
Nectar hidden Yes Yes Yes Yes No
in open Mower
Time al nectar Day Day Niglt Day Night
produclion
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Fiw. 10.1: Poltinatinn in Safvia pratensis, When the flower of Safvie Girst opens, i is for all praclical

purposes a male Oower as its pollen grains are madure but stigma is nenreceplive and is yet to
mature. The bumblebee elimbing into the fiowerin search af nectr activiates i pival

mechanisn (see a and b) as 2 result the pollen laden anther wuches its back. As the humblebee
lewves thic fovwer, the stamen springs back tn ils ariginal pesition, When the Eynaccium
malures, the stigma hecomes receplive and e fiower hecomes [emale. As a bee visits sucly i

el i e

STT e

Mower. the stignii gets touched by ¢he pidlen on tlie bee's back, Drought (rom the uther Aower
{ ©) thus effecling pellination.

In Table 10.2 some flower characters that arc usually associated with common types ol
pollinaters are compared.
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Tuble 10.2: Plant adaptations to the pollinating agents.

Pollinating Flowers pollinated by Spectal adaptations/features of fowers and tieir

agent distribution

Bees Orchids, mints. { erbena Neclar: -
briaht, showy, bluc or vellow perals: vilen closed at
night when_bees do not liy; stamens and pistils prouped
logether

AMoths Nicotinut fadacum, Yucca, Phiox. Neclar;

Ocavibera. Carrea papaya Strang Iragrance: open late in alicronn sad at nisl
when moths {ly: contmaon in tropizs,

Butiertiies Fuehisio, marigolds Usually redd or oranace, open Tn day time.

Flies Lilies, aroids, Aristofochia Duil colour. edour o dung, carrion, or itmos on w ik

(see Fig, 103 s feed: common in the Arctie. :nd at Iigzh altrtuces.
Jeetles Mo, Rena. Fsehseholzia Spicy. fruity, or sweel 0dours; yYCry comimon i iupics,
buried ovules.

Birds Evcalypins. Hthiscus. Passifiora Usually red or yellow caloured but odourless: commaon
i Iropics and wanm temperate areas; petals ofien lised
ina neetariferous e,

Bty KNegeler rumpet vings Open at night: Targe, afien white? fermcating or Truiy
odours.

Wind Oaks. grasses, cereitls, pines Freely exposed stamens and pistils: petals usually
absent; neetar, vdour, bright colours absent, stigmas
feathery. brushy, or Mleshy; separaie male and temale
Nowers common in cold temperate regiors and i the

1 Arcie.
H

t

_ i




.. . . .. . . Follinxtion Rioloey
I'he butter(lics. moths., bees, and wasps have their mouthparts specialized for sucking ohation Tt0s3
nectar and. Iin the case ol bees, lor kneading pollen. During the course ol evolution, there

apperrs Lo have been a progressive concealment of nectar.

Flowers mav broadly be classilied into three calegorics. viz.. (1) those visited lor pellen;

(2) those visited for neetar; and (3) those visited for boti polien and nectar. Flowers aof
Casyia sp. produce abundant pollen to auract bees, and these usually lack nectar. I the
owers ol Apisccae (Umbelliferac) and some cuphorbias. nectar is the main atractant for
insects. The neclar is freely exposed and is avaitable o shorl-tongued insects such as tlies
and beetles. or it is partly hidden by seales, ¢ g.. in Raurncnins. In some taxa iLis parily
concealed by hairs or a short perianth tube and is accessible only Lo inscels whose tangies
are about 3 mm long. Flowers of Ricines and Thevetia have the neclar completely
concealed so that it can be only taken by insecls having tongues longer than 6 mm,
Concealment is usually by means of a long corella lbe. sometimes by spur formatier An
extreme case of exceptionally lang, about 23-30 cm. corolla tube or nectar-spur is Lncwn
the Madagascar orchid. Angravcum sesquipedale; only the meth called Nemathopan o
margenii can avail it

Aristolochia elegans has protogynous flowers with brown or creamy markings on the
perianth (Fig. 10.2a) which, with its distinclive smell helps attract flics. The gynoecium
matures first and is pollinated by (lies bringing pollen [rom another Nower. The Pies enter
the perianth funnel (see Fig. 10.2b). Once inside. they arc unable to escape until the hairs
lining (he funnc! wither away by which time the stamens would have shed their pollen. [t
is this pollen which the rapped insect later carries to another flower  /

Perianth

Funnel lined by hairs

@ ()
Fip. 10.2: a) A flower of Arivtalochia elegaus, by A hall-flower of the snme showing structural
peculizarities ensuring pullination.

10.3.1 Deteyrents to Inappropriate Visitors

During the course of evolution, many flowering plants have geveloped o variety of
deterrents of physical, chemical and biclogical nature 10 the casual visilors,

I.  Physical Deterrentss Floral morphology has changed/adapted Lo suit the
appropriate visitor but to deter the inappropriate ones. [For instance. a long but
narrow-corolla (ube suits Lepidoptera but deters hummingbirds — the latter require a
broader tubc. Long-lubed flowers protect their neclar from short-tongued bees, flies

and beetles.

Chemical Deterrents: Presence of alkaloids, ghucosides, non-protein amino acids
and phenolics in nectar makes il unpleasant or wxic to non-suitable flower visilors.
Nectars of some species specifically contain ant-repulsive chemicals.

3=

159

=T




Flowering Planis

160

_3. Biological Deterrents: Some ants guard and protect flowers from the loss of their

. nectar to illegitimate flower visitors or herbivores but the ants themselves feed at the
extrafloral nectaries. This is commonly seen in Acacia. -

10.3.2 Attractants for Pollinators

Insect pollinators can be divided into three main groups, viz., (1) exclusive pollen
seekers, e.g., carpenter bees; (2) exclusive nectar seekers, e.g., moths and butterflies; and
(3) both pollen and nectar seekers, e.g., honeybees.

In the case of butterflies, their larvae live on leaves of specific host plants. On emergence
from pupac, the growing butterfly has little need for feed as such but it requires some
concentrated carbohydrate, one example is nectar - to trigger the cell division in its
gonads. As nectaries arc usually concealed in the flower, the mouthparts of butterflies
have become suitably modified during evolution to reach the nectary. It punctures the
nectary without inflicting injury to other flower parts, to suck the nectar. During this -
operatton, the butterfly lands on the flower and uses its palpi and antennae as sensory :
probes, in the process securing numerous pollen arains, 3

The most significant role in the visits of butterflies on flowers appears to be played by the
flower colour. Red butterflics tend to Visit red-coloured flowers. Unlike honeybees which |
are usually blind to red colour, most butterflies are highly sensitive to red colour. In general ¥
butterflies ¢an perceive colours between the wavelength range of about 300 nm to 800 nm. :
Butterflies are usually not attracted by white flowers, but yellow, orange and lighter shades !
of red are effective atiractants. White flowers tend to atiract moths whereas yellow flowers
attract butterflics. Flower colour also influences the foraging behaviour of butterflies.

As compared to visible light, a greater role in butterfly visits appears to be played by
ultraviolet light. Differential absorption and reflectance of UV by flowers appear to be major
attraclants for pollinator butterflies, especially in the case of diumnal pollinators. White :
flowers tend to absorb UV whereas yellow flowers reflect UV. In general, UV-absorbing
flowers mainly altract honeybees whereas UV-reflecting flowers attract butterflies.

The attractive power is often greatly enhanced by colour contrast, arising from selective
UV-absorption in the nectar guides. Floral colour change is also triggered by the removal
of nectar and poller deposition on stigma by a butterfly visitor, These changes make the
flowers unatiractive for any future visitors.

10.3.3 Rewards to the Pollinators
1. Neclar

Nectars of diverse flowers contain not only sugars (mainly glucose, sucrose and fructose)
and water but also any or all of the following additional substances: prateins; amino acids,
lipids, alkaloids, phenolics, antioxidants, saponins, dextrins, organic acids and diverse other
organic substances in small amounts. Their sucrose content can range from 5% to 80%.

The reward of nectar received by pollinators has important implications for population
dynamics of the pollinators. Nectar volume can influence the distance travelled by
pollinators 10 a subsequent plant and also the number of flowers visited per plant.
Competition for nectar seems 1o be an important determinant of the extent to which
various species of bees utilize the flowers of Agave schartii. Introduced honeybees
(Apis meliifera) preferentially choose the most preductive patches of these flowers,
thereby reducing the standing crop of available nectar for the native bees (bumblebees,
Bombus sonorus, and carpenter bees, Xylocopa arizonensis).

Neclaries are of two Lypes - [loral or extrafloral. The latter occur outside the flower in the
inflorescence, petiole or leaves. Extrafloral nectaries also attract insect visitors, but have
received less attention than floral nectaries, with which they resembte sinucturally. These
nectaries usually secrete nectar continuously, independent of insect visits. In contrast, the
activity of floral nectaries is periodical, bricf, and correlated with insect visits. Floral
nectaries are obviously of far greater importance in plant pollinator interactions. They are
usually concealed well within the flower and their existence is known only to the special
insects concerned. Nectar guides play a role in these interrelations.



Nectar production in floral neciaries is affected by several factors and can vary from plant Pollination Biology

to plant. The time and amount of nectar secretion is often correlated wilh the time of the
pollinator activity. In those plants which flower at night, the peak of nectar secretion
accurs in the evening and declines after midnight.

In the tropics many butterfly-pollinated plants flower during the rainy season, usually in
the months of July-September, and it is during this time that only their maximum negtar -
production occurs. It is a general belicf that the quantity of nectar increases with
increasing interdependence between a flower and its pollinatar. -

2. Pollen

Pollen is nutritious for beetles, flies, bees and bats but, perhaps, not for birds. Pollen
consumption, known as pollinivory, is considered the evoluljonary precursor 1o
pollination caitied by vectors. It becomes a multualistic process if the pollen-feeders
deliver unconsumed pollen to the female reproductive organs of their host plant more
efficiently than the alternative pollen dispersal agents such as wind, splashing rain or
gravity. Pollination mutualisms require plants to sacrifice some portion of the pollen
praduced in order to ensure pollination.

3. Heat

While many pollinators are rewarded with energy and nuirient sources such as nectar,
pollen and starch; the thermogenic flowers offer yet another form of reward - heat. As
suggested by the term ‘thermogenic’, these flowers maintain a high, nearly constant
internal temperature, while there are considerable fluctuations in temperature in the
outside environment. Thermogenic flowers occur in several plant families such as
Araceae, Aristolochiaceae, Nelumbonaceae, Annonaceae, Arecaceae and Cyclanthaceae.
These flowers are generally large because small flowers with high surface: volume ratio
are unable (o retain enough heat to raise the flower temperature noticeably.

A well studied example of flowers giving heat as a reward to their pollinator is the Amazon
water lily, Victoria amazonica. It combines heat production with a change in petal colour to
control the behaviour of beetle pollinator during a two-day sequence. In this plant the
flowers are about 20 cm wide and have beautiful white pelals on he first day of anthesis.
At this time the flower temperature rises to about 10°C above the ambient air and emits a
strong fruity odour. The floral display and the scent attract a large number of beetle
pollinators that crowd into the floral chamber. As the evening approaches, the petals
gradually close, trapping the insects inside. By the next day afternoon, the petals reopen and
allow the beetles to crawl out through the stamens which dust them with poilen. Insects are
not attracted to this second day flower because it is no longer strongly scented, white or rich
with food. Instead, they fly 1o first-day flowers, cross pollinale them and repeat the cycle.

The aquatic lotus Nefwmbo nucifera is an indigenocus example of such flowers. It also
adopts the same strategy for pollination. Now the question arises, how is high temperature
beneficial to the pollinator? Many bectles are endothermic and require high temperatures in
their thoracic muscles for activity such as flight. Other activities that involve intense
competition for mates and food also require an elevated body temperature.

4.  Antibiotic-containing substances

Clusia grandifiora, a flower native to South and Central America, rewards its pollinator,
the wild trigona bees with a unique gift, that is, a coat of resin spiked with powerful
antibiotics, believed to help the bees in keeping their nests free of harmful bacteria.
Interestingly, the resin from female plants is more potent than the one from the male plants.

SAQ2
Strike off the incorrect word(s) given in the bracket.

a)  The insect-pollinated flowers invariably develop (no/complex) adaptations.

b) The flowers of a species A are pollinated by X, Xz ....... X, insects; and an insect
species X pollinates a large number of flowering species A,B,C......and so on. Such
plants and pollinators exhibit (closed/loose) relationships.

¢) The (birds and bats/beetles) are considered to be primitive pollinators.

d) (Windfinsect) pollinated flowers usually have brightiy coloured, showy flowers
aleng with a number of attractants.
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¢)  Flowers pollinated by (bees/bectles) have their stamens and pistils grouped. This
helps the vector to simuitaneously pick up pollen from a flower as well as deliver
pollen from other flower to it. .

f) A long, narrow corolla tube is an (attractant/deterrent} for hummingbirds.

g)  (Burterflies/carpenter bees) are exclusive nectar suckers.

h)  Pollinivory is beneficial for the pollirators like (beetles/birds).

104 SPECIFIC POLLINATORS AND THEIR

BEHAVIOUR £

10.4.1 Bees

Now that you have leamt something general about various pollinators, let us learn a few
details about specific pollinator types.

Various kinds of bees are important pollinators of several plants. Typical bee flowers have £

mint-like smell and provide nectar, pollen, or both to the visiting bees. They are usually !

=

bright yellow or blue and open during the day, They often possess honey guides in the forni;
of colour or smell patterns, and. some have a large, broad, lower petal which serves as a L

landing platform for the bee. Usually, during one bee visit, the flower both receives and
delivers a pollen load. The pollen grains are sticky, spiny, or sculptured. The honeybee leav
its hive in the spring and brings back a pellet of pollen upon each trip, usually obtained {in T
temperate areas) from the alder or the swamp willow. Bees usually get theiv first supplies of}
pollen from the catkins of willows. If even one catkin opens anywhere within range, a bee is
available that very hour to exploit it for ils fresh pollen. Carrying the pollen load to the hivc,‘:
the bee advances to a cell and unloads the pollen basket by Kicking it off, by brushing one |
foot against the other. This bee then walks off but another bee, resident within the hive,
comes along and rams the pollen load down with her head and packs it into the cell, .f
One of the most fascinating observations is that honeybees, collecting nectar or pollen, .
are attracted by the flower's vivid colours. Bees can readily be conditioned 10 a coloured &
disk put under a watch glass containing some scented sugar solution: on subsequent visits
they reliably choose it from among other simultaneously presented colours. When visiting  ~
flowers of a particular kind, bees similarly become conditioned to their colours and -
selectively respond to them as long as nectar is available. Bees cannot see red but can
respond to ultraviolet radiation emitted by some flowers including red poppies. In view of
the facility for swilching colour prefercnces, which is required for a forager's change [rom
an exhausted crop to a fresh one, it is unlikely to find that bees leaving the hive for the
first time show an innate preference for yellows and blues: cven more remarkable is the
fact that inexperienced bees recognize at least some honey guides and probe with their
extruded proboscis as if they ‘expected’ to find nectar nearby. In one experiment, suitably
cut yellow petals of Oenothera bicnnis were presented in two arrangements under a UV-
transparent foil. As seen in Figure 10.3, maost probing reactions were aimed at the small
regions drawn black, which reflect little UV and which normally lie in the Mower's center,
close to the source of neclar. Such predispositions for responding selectively to particular
slimuli the first time they are encountered, are s2id 1o be innate, 1o indicate that they are
not acquired through experience of the stimuli.

Center Comers
164 . 46

l(a) Center Corners
72. 184
®)

Fig. 10.3: n) Oenothera biennis, a phote tiken thraugh a UV filter; UV-free regions appear black.
b) UY-free repions act as honey puides eliciling probing reaclions in inexperienced bees. Tap,
nornial arrargement; boltam, reversed arrangement of cot up peials under UV-transparend
foil. The number of prabing reactions of bees recorded in an experimentd is indicated in the
figure. (Afler Daumer, 1964).



The Waggle Dance of the Honeybee: When a bee locates a source of nectar or pollen, she Follinatian Biology

conveys that finding to otber individuals by means of what is called a “waggle dance’

(Fig. 10.4b). The scout who has found the new source, returns to the hive and recruits
foragers by means of this very fascinating type of dance. It was this observation of

Karl Von Frisch over 50 years ago that earned him 1he Nobel Prize. You would be interested
to know more about this dance which conveys a lot of information about the food source
location to the other bees. When the food source is near the hive, the scout performs a round
dance (Fig. 10.4a) in which it describes a series of circles on the comb, alternating between
clockwise and anticlockwise directions after every one or two circles, Some of the nearby
bees follow the manoeuvres of the forager and, every now and then, the dancing bee
regurgitates a drop of nectar from its stomach, offering it to the ncarby bees. The dance also
alerts the following bees to the presence of a rich source of food; they learn its odour from
the lingering odour of the flowers stitl adbering to the dancer's body and also from the odour
of the food regurgitated by the dancer. This information enables the bees to leave the hive in
quesl of food of the correct odour in its vicinity. The rate of the dance conveys to the hive
mates the approximate distance of the new food source. The angle of the waggle indicates the
direction of the food. Since the scout bee is dancing on a vertical comb, she must usc a
reference point that can be seen by the bees during flight. That point is in fact, the Sun. If
food is located towards the Sun {e.g., easiward of the hive in the moming), the wagging
portion is straight up on the comb. When the food is 20° to the right of the Sun, then the
wagging will be 20° to the right of the straight up. These features are illustrated in Fig.10.5.

Round danée Tail-wagging dance

Fig. 10.4: Two types of dance performed by the honeybee. (2} round deice; (b) tail-wagging dance.

The Dance Language of Honeyhees
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Fig. 10.5: (a-d) The sophisticated *wapgle dance’ performed by scout bees informs fellow workers of the
. precise whereabouts of a food soerce. Assume {hat the top of this page represents the tap of the
hive, a few examples af the dance are shown in the figure. [T the food source is found by flying
towards the Sun frem the hive (a), then the *waggle’ part of the Ggure of cight routine i3
danced in an upward direction. Disgrams b.c, and d show respectively the orienlaiion of the

- dance if the food is directly away [rom the Sun, at G0° or ar 120° from i1, 163
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Even in the dark a scout honeybee can indicate the distance and direction of a newly
found, rich food source. She signals to her hive mates by means of a figure-of-eight
dance. This is performed on the vertical face of the comb. When the bee moves through
the middle of the 8 she gives a number of tail wags, quickly when the food source is
nearby and more slowly when it is farther away. For example, for a food source a mile
off, she gives four wags. The dancer also adds a wind correction. Flying into a headwind
requires more effort, so the bee indicates a distance slightly greater than the real one. To
indicate the direction of the food source, the Sun is used as a beacon. If the middle partof
the dance is exactly vertical and the bee is going up (Fig. 10.5a), and down (Fig. 10.5b)
they must head away from the Sun. A dance at an angle of 60%120° to the lef/right of H—
vertical (Fig. 10.5¢,d) signifies that the bees must follow a direction that forms the same |
angle (60° or 120°) with the line connecting the hive and the Sun. Considerable time is
needed to reach a distant food source and in the meantime the Sun moves. The dancing &
bee makes a correction for this also. However, the dancer cannot indicate the height of the (
food source and her hive mates are confused when a food source is hoisted on a pole L
directly above the hive. i

k

Other Attractants for Bees

Flowers not only.offer nectar and pollen but also several other products to their insect
pollinators; these include volatile substances, lipids, waxes and resins. Many plant genera
belonging to families Iridaceae, Krameriaceae, Malpighiaceae, Orchidaceae, and
Scrophulariaceae possess specialized oil-secreting organs called elaiophores (Fig. 10.6).
Some plants belonging to Cucurbitaceae, Solanaceae and Primulaceae have ‘oil-flowers'.
These are particularly abundant in tropical savannas. Table 10.3 lists representative
examples of oil-collecting bees and their "oil- host" plants. ‘Oil-flowers’ are visited by
certain groups of specialized bees (Hymenaptera : Apoidea). Some oil-bees’ use the 1ipid
secretions in place of nectar in their pollen provisions for larval development. Others
make use of oils for making water-proof linings for their hive cells.

Table 10.3: Bees that have structural modifications for harvesting and transporting
floral lipids.

Qil-collecting bees . Qil-host plants

I
Genera Family Genera Family )
Macropus Melittidac Lysimachia Primulaccac
. Anastrabe, Diascia Scrophulariaceae
Rediviva - _
Melittidae Disperis Orcltidaccae
Crenaplecira Cienopleciridae Momordica Cucurbitaceae
Centris Anthophoridac Krameria Krameriaceae
Chalepagenus Anthophoridae Cypella [ridaccae

Fig. 10.6: Elniophorcs (oil-seereling glunds) from.some angiosperms. a) Trichame efriophore of glandular
bairs on stamens and petals of Lysimachia gnadrifeiia. by Callaem macropterim, abaxial
part of flower with pedicel end petals removed. Eight claiophores are seen as lipid blisters.
¢} Mouriri myrtitioides, un mnther having epithelial elaiophore as deeply concave gland.

Some other angiosperms bear flowers which have conspicuous secretory glands -
elaiophores, e.g., Karmeria sp. Two distinct types of elaiophores can be distinguished:



i Epithelial elaiophores, constituting small areas of secretory cpidermal cells in which
the secreted lipids accumulate below the thin cuticle (Fig. 10.6b) as scen in
. Krameriaceae and Malpighiaceae.
iy Trichome elaiaphores, consist of thousands of glanduiar trichomes which secrete lipids
(Fig. 10.6a). These are found in the families Cucurbitaceae, Primulaceae and Solanaceae.

Jome bees resort 10 characteristic abdominal movements such as wagging or downward
rubbing, 1o mop up oil. Some Ctenoplectrid female bees have a crescent shaped inner
hind tibial spur used for squeezing oil. Macropus Jabiata and M. fulvipes collect oil from
flowers of Lysimachia vulgaris and L. punctata by clinging to filaments, while curled
around anthers. They absorb oit from the glandular trichomes by dabbing and mopping it
with their front and middle legs alternately within each pair. No mouth parts ar¢ involved
in oil collection. The bees, of course, become dusted wilh pollen during the oil-mopping
operation.

Some flowers, e.E-, Cyclanthera (Cucurbitaceae), bear glue-producing anther hairs which
facilitate pollen adhesion 1o bees.

Box 10.1: Economic Use of Pollinators

Bees besides being used as the source of honey, are also employed by many countries 0
enhance crop yield. This potential nceds to be tapped in our country t00. Had the services
provided by bees been properly utilized or managed, our country would have become self-
sufficient in oilseeds and other crops. Mosl pulses and oilseed-yielding plants are self-
sterile. They depend on agents such as wind, insects or water to facilitate pollination. Bees,
in such cases, could become important polien transfer agents.

Field trials in Punjab have shown that proper placement/ siting of bee hives in sunflower
fields can produce yields 300 per cent in excess of the average yield. Some other crop which
could benefit by this technique are onions, beans, coffce, alfalfa, grapes, orange, litchi,
apples and plums. .

Besides aiding in pollination, bees can also be employed as sensitive biological detectors for
poliutants. Bees can be effectively trained to carry out the above jobs efficiently.

]

10.4.2 Wasps

A close interdependence exists between the life cycle of the fig, Ficus carica and its
pollinator wasp, known as 1he fig-wasp (Blastophaga psenes). Two Lypes of fig trees have
been recorded: one which produces edible figs, and the other which bears only small,
hard, inedible fruits. the latter type of fruit is a sort of an incubator in which the larvae of
the wasp develop.

in a developing fig inflorescence, ihe male flowers arc siluated near the pore, and the
female flowers line the rest of the cavity. The femnale Nowers have pistils with shorl
styles. The female wasps enter 1he inflorescence through the pore and deposit e228 in
cach ovary. The eggs give rise to larvae which then develop into wasps. The wasps eal
their way out of the ovaries, and mate wilhin the immature fig. After mating, most males
die but most females escape through the pore, and in the process become dusted with
polten from the male flowers. While out of the fig, the females start searching for ovaries
of fresh edible figs. This inflorescence has only female flowers whose pistils have long
_styles. In this situation the wasp cannot oviposit {(because of the very long styles) but it
does succeed in effecting pollination. This inflorescence in dug COUrse Matures in1o an
edible fruit containing many seeds. As Tor the other females, after mating they sooner or
jater encounter inedible inflorescences, deposit their eggs, and repeal the above cycle.

You may perhaps be surprised to learn that a single branch of an inedible fig can be
urafled on to an edible fig tree. This can provide sufficient pollinating wasps for the
whole tree.

10.4.3 Bumblebees

An important problem that conlronts the Bombus foragers (bumblebees) is 1o select the
most rewarding flower species [rom the many that may be available in a habitat. These
[oragers appear o begin their foraging carcers by visiting several different plant specics
and then concentrating on ihe most remunerative species. -
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I'here Iras been considerable work on the influence of nectar resources on pollinator
behaviour and flower choice but littie work appears to have been done to identify the
linkages between nectar resources and plant reproductive success, In a shrub-swamp
communrity, interspecific differences in average nectar production can be a predicior of
relative visitation rates by bumblebees. However, fruit set is seldom poliination limited
even in neclar-poar species because they have long-lived flowers, self-pollination, or
aliernative pollinators.

Temperature and cther physical factors greatly affect the foraging activity of bmnblebcesi'_
The foraging activilics of bumblebecs arc usually low around noon relative 1o those in th¢
merning or evening, prabably due to (he higher concentration of nectar around noon thanf__
at other times in the day. Bumblebees scem to avoid flowers having too high a
concentration of nectar. In general, smaller bees appear to be more efficient foragers on

short-corolla flowers, i

0

10.4.4 Birds {

e

Birds are good pollinators in tropical areas. Over a thousand species of birds visil various
kinds of flowers (o feed on insects, nectar, or pollen. The bills of pollinating birds

(Fig. 10.7) are usually siender and curved. corresponding to the shape of the corolla tbes;
of the flowers visited.

il

Fig. 10.7: Shapes of bills of four nectar-fecding hirds,

A few examples of pollinating birds are hummingbirds, sunbirds and brush-tongued
parrots (Fig. 10.8).

Most birds have a zood colour sense and excellent vision but have poor sense of smell. .
- Hummingbirds are strongly attracted by red or orange coloured flowers. In general, bird-
pollinated Mowers are bigger than inseci-pollinated flowers, and they open during the
daytinre. They usuaily have an inferior ovary which protects the ovules against the probing
bill. The stamens brush againsi the head or breast of the visiting bird, In many Asian bird
flowers, the birds do not hover and the Mowers have a landing platform or lip on which the
bird alights. The piants relying on bird pollination are known as orttithophilous. These
include Fuchsia, Hibiscns, and many species belonging to the fmilies Orchidaceac,
Fabaceae (Leguminosac} and Caclaceae, The Indian coral tree (Erpthring) is mainly
pollinated by parakecis and woodpeckers, Its flowers have a nontubular corolla facing o
perch, with copious, sugary nectar. Species of Biguonia are pollinated by hummingbirds.

e
@ 'i ® © 10.4.5 Moluscs

- Flowers of Aspidistra furida, Chivsanthemum fevcanthemum and some Araceae are
Fiz. 10.8: Tongues uf three bird pollinated by snails and slugs. These flawers are described as malacophilous.

pollinators. Note the
tube-shaped wngues.

a) humminghird; 10.4.6 Bats
B nectar hird; and L . . . )
¢} parral. Bar pollination - chiropterophity is fairly common in the lropics. Glossophuga and

Macroglossum virually obtain all their food, nectar and pollen from fMowers. Bat
pollinated flowers are large, strong, dull and drab, and bell-shaped with a wide mouth.
The bats locate the suitabie flowers by the strong smell they emirt, whicl is. usually rancid
or musly. During feeding. (heir heads become dusted with pollen which is lodzed on other
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Mowers when the bal visits them. Seme examples of bat-pollinated planis are specics of
dgeve, Areca, Kigetia, Adansonia, Parkia; and Cobaea scandens.

10.4.7 Moths and Butterflies

Most flowers poilinated by butterflies open during the day. They arve (ragrant and may be
white or brightly-coloured. They have a platform on which the visiting buttertly can alight,
Most moths are nocturnal and the flowers pollinated by them, ¢.g., evening primrose and
honeysuckle, are light-coloured, and they open during the evening. 1lawkmoths are usually
_stout-bediced. fairly big insects which have streamlined body and are good fliers.

"Most Lepidoptera have a long, Nexible and thin proboscis which acts as a sucking whbe, 1t remains
coiled up when these insects arc not sucking nectar from flowers, The lower likewise have a long,
narrow corolla tube. This kind ol wbe is an adapiation to Lepidoptera but discriminites against
other, shorter-tongued insects. These flowers produce abundant neclar, often in a lollow spur.
Flower of Yuccea can be pollinated only by the Yreca moth (Promeha yuccasefla) and by
"ne other animal. The female moth lays her cges only in the ovary of the Yo flower.

When the moth visits a [lower 1o deposit egas, it carries with il a ball of pollen gathered

lrom other Yucca flowers. Afer laying the egas, the female deposits the pollen ball in a

pit at the tip of the pistil. Afier some days the eggs hatch into caterpillars that consume

some of the devcloping secds but leave others intact. Thus both. the plant and the animal

depend on ane another lor their survival and muhiplication.

The butter(lics that pollinate the flowers af Caesaipinia spp.. carry their pollen on their
wings. These butterflies flulter their wings while on the flower, The Mutlering is conducive to
pollen deposition on the wings, and then on the stigmas of other flowers that are visited later.

SAQ 3

Complete the blank column in the table given below, Wrile about the characteristic floral
features. pollinator behaviour or any other interesting aspect, against each polfinator 1ype.

S.No. Pollinator Type Peculiar Pollination-related Features
I Bees

20| Wasps

3. Bumblebees

4. Birds

3. BBals ;

6. Moths/Buiterflies

10.5 FLOWER — POLLINATOR COEVOLUTION

Coevolution may be defined as an cvohhionary change in a trait of the individuals of
species X in response to a trait of the individuals of species Y, followed by an
cvolutionary response by Lhe species Y to the change in species X. It involves mulually
adaptive or reciprocal changes in populations of different species.

Several examples of the coevolution of [Towering plants and their insect pollinators are
known in which each pariner, 1hat is the plant and the insect, has adjusted its life style 10
that of the other partner with a view to living together for mutual benefil,

Pollinalion Rialogy
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The coevolution between a plant and its pollinator may be fairly loose or maty be guile
tight. As mentioned carlicr, there are several planits which are served by a diversily of
pollinatars, These plants exemplify loose coevolution in the sense that one plant specics
has several pollinator species. '

Euglossine bees appear to have coevolved with euglossine orchids. The latter seem to hav
adapted to these bees, as these have evolved different Moral fragrances which help attract -
these pollinators. Each euglossine orchid species has some characteristic combination of t
fragrant compounds. Only a particular species of euglossine bee is attracted 10 a particular;
species of the orchid depending on the particular fragrance. The bees collect the particular
fragrance which cnables them to signal the male bees of their species. Several males Form

small group that swarms together and attracts the females for mating.

A good example of coevolutionary interdependence between a plant and its poilinator is :
that between Brassica rapa and Apis melljfera. If you dissect the honeybee and the [Tower)
of 8. rapa, you can observe the intimate relationship between the bee and the flower.
Following the dissection, you may also explore the remarkably efficient pollen-collecting |:
ability of the bee by making a bee-stick from the dead bee and use it as a pollinating s
device for the plants, '

There arc certain plants that support only one or a few important taxa of herbivores. Thus
Pussiflora spp. mainly support butterflies belonging to the genus Heficonins. These
butterflies lay yellowish eggs on the plant's leaves. But during the course of insect-plant
coevolution. siructures resembling the yellow cggs seem to have arisen independently in
species of Passiflora. These plant struclures are thonght to have evolved specifically to - §
mimic the butterfly eggs. The female butterflies discriminate against planis with eggs (or
rather ihe structures which look like eggs) and therefore tend to act as selective agents in
the evolution of these egg-like structures. This response of Heficonius females to the
presence of egg-like structures has mainly or wholly a visual basis. The Passiflora-
Heliconius system conslitutes a good example of a plant structural characteristic resulting
from coevolution wilh a host-restricted group of insect herbivores.

e

The most specialized example of coevolution is the relationship between a single specics .
ol plant and a single species of animal, e.g., Yreca-Pronuba moth relationship. This moth -
(Fig. 10.9) transfers pollen to the stigma ol the Yncca flower and lays eggs in the ovary.
The developing larvae leed on some of the seeds produced as a result of this pollination.
The relationship between the moth and the plant is swrict and obligate,

Yucca flower iy Yucca moth

Fig, 10.%: Yaecs math pollinating Yreen Nower.

Neclar has been an important factor in the coevolution of flowers and their pollinators,
‘The amount of neciar secreted, the rate of secretion, cessation. or resioration gavern the
flower-poliinator relationship. The commencement of nectar secretion synchronizes with
the start of activily of the pollinator. In several instances it is almost a few hours before
the ca-evolved pollinater becomes active.

The foraging behaviour ol butterflics and other pollinators depends on their evolutionary
stage. The previous foraging experience of the butlerfly. in hddition to external factors
such as sunshine, wind, and lemperature can significantly modify the foraging behavioury
This behaviour is., of course, also influenced by the shape. colour, height and abundance
of the flowers. :
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- There are considerable variations in the time spent on flower visit: Most butterflies spend
'an average of about 30 seconds on one blossom. Xois actova and Crassida crassida spend -

very little time on any single flower, whereas Acrea andromaca tends to spend fairly leng
period in a flower. Most butterflies, while landing on a flower, fold up their wings
vertically erect at the time of nectar feeding.

Sometimes coevolution involves more than one step in the food web. ‘An interesting
situation is seen in the monarch butterfly Danaus plexippus. This species is unpalatable to
vertebrate predators. It can sequester some toxic glycosides present in milkweed plants,
thereby providing an effective defense against bird predators. In fact this butterfly can not
only feed on a plant that is unpalatable to other insects, but it also uses the plant toxin for
its own protection against predators. : ) ’

Floral nectaries produce neclar whose adaptive significance lies in its attractiveness to
potential pollinators for whom nectar is a source of energy-rich diet. Some neclars are
particularly rich in sugars as well as amino acids. The predominant sugar in some,
neclars is sucrose whereas in other nectars the sugars are glucose plus fructose, and in

_ still others the three sugars are more or less equal. Sugar-rich nectars also tend to be

rich in amino acids. The important amino acids found in nectars include the
“essentials’ : arginine, histidine, lysine, tryptophan, phenylalartne, methionine,
threotine, leuicine, and valine; the semiessentials: serine, glycine and proline; and the
‘common ones’: alanine, aspartic acid and glutamic acid. Nectars of most butterfly-
pollinated flowers are particularly rich in the common amino atids and also in serine,
glycine, histidine and lysine. Those of bee-pollinated flowers are found to be rich in
serine, aspartic acid, glutamic acid, glycine, histidine and lysine. Flowers chiefly
pollinated by moths, fljes, birds, and other.animals usually contain smaller amounts of
mosl amino acids. : )

Nectars rich in amino acids also usually contain detectable amounts of some lipids
and/or antioxidants. Some examples of flowers that contain lipids in their nectar are
Abronia latifolia, Callistenion sp., Jacaranda ovalifolia and Trichocerers sp.
Antioxidants (including ascorbic acid) occur in the nectars of, e.g., Oenothera,
Eichhornia, Datura, Lilium and Centaurea.

Most constituents of neciar, particularly sugars, are of nutritional value to the consumers.
Amino acids are good sources of food for several insects.-Bees and flies can digest and
assimilate the lipids in nectar. Occasionally, nectar contains alkaloids, non-protein amino
acids and glycosides. These may be protective, favouring continued flower visits by more
efficient pollinators through deterrence of less favourable ones.

Brightly coloured and/or scented flowers attract insects to the nectar and pollen. An
'interesting question that arises in the conltext of animal-plant cpevolution is whether
natural selection or coevolution has forced the poflinators to increase the frequency of
their visits to the flowers? Bumblebees seem to learn to forage from the specific flowers
from which they have been rewarded in respect of food.

Some bees forage upon a diversity of flowers available at a given time. Since these
flowers differ morphologically, a bee must adopt different patterns of behaviour in order
to be able to obtain the nectar and pollen from such flowers, Each flower has to be
manipulated in a different manner in order to get at and extract the food. The flowers of

+ Solanum dulcamdra are vibrated forcefully to release the pollen from the tubular anthers.

A bee must approach and enter a tubular passage in the flower of Impatiens biflora from a
specific direction in order to obtain nectar. In fact, it appears (hat these flowers are -
actively sought out by the bees even when the flowers are usually dispersed, presumnably -

- because they offer good food reward to'the bees. The flowers of Iris versicolor,

Vaccinitm sp., and several other genera must be approached and entered, each in a
different and specific manner, and all these specific approaches appear to be leamt in the
course of time. |

Another important factoraffecting the frequency and extent to which bees are

rewarded is their tongue length (Fig. 10.10). Long-tongued bumblebees can visit more
flowers with a long corolla tube.than the short-tongued ones. The foraging preferences
of bumblebees may be linked with the ease with which the nectar is gathered from the

“flowers.

169




klowertng Planis

170

Long-tongued Bumblebees

e iRy T ] ]
Medium-toogued Bumblchees

| T

Bumblcbees

) Sho n-tongued

L -

: Corollz Length
Short Medium Long

Fig. 10.10: Model showing the processes that produce a correspondence betwecn.a bumblebee's tongue
length ané the rangg of corolla lengths of the Mowers visited by it.

l:l = range of corolla depths most preferred.

=range of corolla depths less preferred due to low net encrgy infake rate crused
chicfly by the abscnee of other hees.

= Morphological limil: tangue too short or too long.

10.6 LEGITIMATE POLLINATORS vs
ILLEGITIMATE VISITORS

All insect visits to flowers do not necessarily bring about pollination. The unsuccessful
visits constitute 2 kind of fforal larceny and the illegitimate visitors may be classified into
‘thieves’ and ‘robbers’. The former only remove those resources which would normally
be used by the legitimate pollinators. Some examples of such non-pollinating thieves
include certain ants, thrips and other small insects. The robbers. on the other hand, not
only rob their host of neclar but also injure floral tissue. Such robberies usually occur in
Sympetalous flowers which are structurally adapted for a pollinator. Some examples of
robbers include certain bumblebees and Aylocopa spp. The example of ‘lemon bee’ found
in Central America also called the ‘robber bee’, (Lestrimelitta limao) is cited below. The
workers of lemon beé lack the corcubilae or other pollen carriers, and hence must attack
and rob other colonies to survive. The robber’s strategy consists of the use of enlarged
mandibular glands that secrete a strong lemon smell; this lemon smell masks and
suppresses the typical smell of the attacked colony. Of course, the latter colonies post
some guard bees which prevent the invaders or robbers from gaining entry into the -
colony; the guards recognize their own species by means of the characteristic smell.
When a few strange bees - the robbers, forcibly enter the hive they are killed by the
guards, but during this process, the strong lemon smell spreads, thus making it impossible
for the guards to perceive the characteristic scent of their own species; they can no longer
act as guards. The resulr is that more robber bees freely invade the hive. In fact the lemon
fragrance released by the first few robbers helps attract other members of the robber bee
to the conquered colony. '

Nectar-robbing insects deprive the legitimate pollinater of ils share of nectar and do not
play any direct role in pollination. However, they compel the pollinator to visit several
flowers in search of nectar and, hence, indirectly promote pollination by the legitimate
pollinator. Indeed, if the robbers were not {o rob lhe_ nectar, the.pollinator's needs for
nectar would be satisfied by one or a few flowers only'and it would then not be inclined
(o go to other flowers. Some butterflies can function as nectar robbers in some legumes
but as legitimate pollinators in some others. Ants have been shown to act as nectar
robbers in the butterfly-pollinated flowers of Asclepias currassavica. Some species of
bumblebees are primary nectar robbers. They forcibly extract nectar by boring holes
into the bases of corolla tubes, Other species are secondary robbers. They extract nectar
through holes that have been bored by the primary robbers. Nectar-robbing bumblebees
are effective self-pollinators for the autogamous plant Pedicidaris palusrris.

In the context of robbery ortheft, it is interesting to note that, unlike bees, bumblebees are
secretive and individualistic 6d do not communicate or advertise their finding of a good
source of food to other individuals. In this respect, they contrast with bees which do
advertise their fin.ling to their hive mates.




7 DECEPTION OF FLOWER VISITORS

zption is well-known in pollination biclogy, especially with respect to insects
have weakly developed discriminatory faculties. The flowers of some plants

v inleresting, even clever, deceitful-tendencies. In these, true edible pollen
mes replaced by attractive yellowish dummies which detract the pollinator's
tion away from the relatively scarce fertile pollen. The fertile pollen tend to

' a cryptic colour. Nole that in t]‘llS process, the plant-is deceiving the insect and
/ice-versa.

_-orchid Cypripediun calceolus resorts to a similar deception with a view to alluring

. Of the bees that are so deceived and wrongly attracted, some merely alight whereas
Is are trapped but escape via the entrance, Medium-sized Andrena haemorrhoea
1te bees extricate themselves through the exit pores, thereby facilitating pollination
ng the manoeuvre. Himantoglossum and Barlia are two other examples of orchids
:h allure their pollinators by deceit,

= flowers emit deceptive odours like that of mushrooms, The deceptive odour

“eads the female flies to Iay eggs on these flowers, which become pollinated during
srocess. Other flower species entrap insects for poliination, holdmg them prisoner
L such time that they have done the service!

ain tropical plant species produce staminate fowers that provide some reward
tar, pollen or both) but the pistillate flowers of the same species do not provide such
irds, hence they are deceptive to the flower visitors. Its well known example is

ica papaya.

visiting behaviour of cil-gathering anthophorid bees on eglandular morphs of
isteriopsis muricata and Heteropterys aceroides (both genera belonging to
ily Malpighiaceae} is very mteresting. The bees land on eglandular flowers

. 10.11) apparently by mistake as suggested by their making one to a few
pmgs on landing, and behaving in the same way as they scrape oil glands on
wdular flowers {Fig. 10.12). Once they realize their mistake, the bees either
e the eglandular flower or start concentrating their attention on collecting
en. When the large sized species of the bee genus Centris leave the flowers
rrealizing 1heir mistake, the smafler-sized species of the same genus turn their
take into a rewarding visit by switching over to pollen gathering exercise.
andular flowers of both the above species thus attract oil gathering Centris spp.
leceit. This raises the question of how do the eglandular flowers achieve
ination. Evidence suggests that pollination depends mainly on the opportunistic,
ed, oil-cum-pollen gathering behaviour of the deceived bees as in the case of
charis schrottkyi.

udocopulation: This occurs in some orchids as a device to ensure cross pollination.
irys, atiny orchid, found in Europe, Africa and the Middle East, has evolved a bizarre
+ of attracting its pollinator - a male wasp. The petal shape and colour, and smell of
orchid are very similar to that of a female wasp.,

male wasp is attracted to the flower and adopts a copulating posture on it,
ch is remarkably well-adapted to this kind of deceit. The copulating male
eby loosens the orchid's pollen sacs, which stick to its body. When the male
s away, it carries the pollen to another flower where it makes another attempt
opulate, this time inadvertently pollinating or fertilizing the flower.
adacopulation of wasp with orchid is an instance of great specialization.
vever, while the benefit to the plant is considerable, that to the wasp is not
Wh.

1¢ above case, the wasp influences the reproduction of a plant. You may be

rised to know that there exist some flowers which influence repreduction of bees.
; i5 the converse of the above relationship. They emit odours that attract a solitary

. which not only pollinates the flower but also helps lone male and female bees find

1 other!

Pollination Bictopy

171,




Flowering Plants

172

Flower (eglandular) . " Upper side : Lower sidy

' ~ d
Figs. 10.11 & 10.12: Upper and lower sides of eglandular (Fig. 10.11, on the lefi-hand side) and glandﬁ'
:

Lower side

_Flower (glandular)

{Fig. 10.12, on the right-hand side) Mowers of Banisteriopsis muricata. Arrow sho
ore elaiophore. (After Sazima and Sazima, 1989).

SAQ 4

Label the fo]lowlng statements as true or false.

a)

b)
c)

d) .
€)

f)

g)
)

The relationship between the Yucca plant and its pollinator moth is an example olj
loose coevolution. :
Neclar production in flowers has no bearing on the plant-pollinator relationship.
Physical factors like wind velocity, temperature and sunlight influence the foragn—
behaviour of the pollinator butter{lies. 2
Nectars are mainly sugar-containing compounds.

Some kinds of butterflies are nectar robbers in some plants, whereas some are
legitimate pollinators in other plants.

Bumblebees exhibit opposite behaviour as compared lo lhe bees regarding the
communication of the source of food. -
The pollinaters exhibit several interesting, clever and deceitful features. '
Pseudocopulation, seen in some orchid flowers, aids in accomplishing poilination

10.8 SUMMARY r

In this unit you have studied thkat:

During pollination, the pollen grains are brought over to the stigmatic surface by
various kinds of living and non-ljving vectors. Cross pollination is advantageous tc
plants in many respects. The resultant offsprings are better adapted for survival in ¢
wide range of environmental conditions. Self-steriljty, dichogamy, heterostyly and
dicliny are the common devices Lo encourage crosg-pollination.

Flowers have developed attractants in the form of bright perianth, nectar, unidue
smells and resins for their respective live-pollinator(s). They also possess various
kinds of physical, chemical and biological deterrents o the non-pollinating casual
flower visitors. Nectar, pollen grains and energy in the form of heat, and antiBiotic-
conlaining substances are the rewards-for the pollinators.

Drﬁ‘e:ejt species of plants have one or more specific pollinators. The common
polfiffatér catégories are bees, wasps, bumblebees, molluscs, birds, bats, moths or
butterflies. The plants during their evolution have developed appropriate pollinator
aftraction and reward systems, a[onﬂ with developing floral features to effect
pollination,




Pallination Biology

The plants and their pollinators have co-evolved closely .

In addition to the pollinators, several other insects too visit flowers, and have definite
strategies to get the benefit of-floral resources that are actually meant for the
pollinators. .

Some flowers by practising deception on the flower visitors some of which have
weakly developed discriminatory faculties, achieve successful pollination.

-9  TERMINAL QUESTIONS

List the common adaptatigns found in angiosperms that prcvent-or minimize
self-pollination.

‘Flowers have cotoured petals in order to attract insects’. Discuss this statement.
How would you determine whether or not the colour of flowers plays any role in

attracling insects?

Flowering plants show several adaptations to the type of pollinators. Just by
observing an unknown flower and/or dissecting it, can you make an intelligent guess
as to the probabte identity of its pollinator? Repeat this exercise for ten different
flowers in your locality, and record your resulls in a tabular form.
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Flowering Plants 4. Compare the behaviour of a honeybee with that of a bumblebee 1

hen they con
across some new and rich source of food.

5. What type of symbiotic relationship occurs berween honeybees and flowers? Hc%
does it differ from other types of symbiosis? :

Yrncea flowers can be pollinated only by the pronuba moth whose female depositr
eggs in the ovary at (he time she stuffs pollen into the Lollow style. The larvae
consume some of the developing sceds as food. The two species are quite

i

interdependent on one another for reproduction. Discuss the problems involved ir

the origin of such a symbiotic relationshtip by evolution, and the possible types of
interrelations between the ancestors of the Yucea and the moth.
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7.

Angiosperms and insects are highly diverse groups of organisms. How n:light this
diversity be stimulated by the many mutual relationships between the two groups?

10.10 ANSWERS

Self-Assessment Questions

1.

a) The male reproductive unit of the flower - its sperm;
the female reproductive unit of the flower - its egg cell; and
‘the vector, if any, of pollination. )

b) Hint: Pollination is an essential step in the sexual reproduction in plants, that

- eventually leads to the development of seed. )
¢) No. It can be accomplished at the time of anthesis of the flower.

d) Hint: It brings in genetic heterogeneity. This helps in making the offsprings more
vigorous and better adapted for survival in diverse envirommental conditions.
Such plants, therefore, show wider distribution as compared to the self-
pollinated plants.

e) See Section 10.2 of this unit; and Section 3.2, Unir 3, LSE-06 Course.

a) no

b) closed

¢) birds and bats
d) wind

e} beetles

f}  attractant
g) carpenter bees

‘h)  birds

Hint: 1. Bees - Floral features: day opening flowers, yellow/blue coloured, honey
guides present, nectar/pollen or both as rewards for pollinator. Pollinator behaviour:
Waggle dance for communicating about the nectar/pollen source.

a) False
b) False
c) True
d} False
e) Tme
) True
g) JFalse
h) True

Terminal Queslions

MR W

See Section 10.2
See Section 10.3
See Section 10.3, 10.4
See Section 0.4
See Section 10.4
See Section 10.5
See Section 10.5

Pollinatlon Biology
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BLOCK 3A° ECONOMIC BOTANY

Population explosion in the recent decades has poised an imminent strain on various

resources of the world. This has put Economic Botany right in the mainstream of human

concerns. In this course, e too have viewed this very relevant branch of botany in a wider

perspective. As a result Block 3 that deals exclusively with Economic Botany, has turned

out to be bulkier than the other blocks of the course. For your convenience in handling the

study material, we have split it into two sub-blocks 3A and 3B.

= The most important sources of plant food for man and the animals are cereals. All the cereals

: belong to the grass family Poaceae. Wheat, maize and rice are more important as they have
played an important part in the development of civilizations. Cereals contain a higher percentage
of carbohydrates than any other food plants together with a considerable amount of proteins,
soine fats and even vitamins. Unit 11, the first unit of this block deals with Cereals and Millets.
Here wheat, rice and maize that are the main sources of food, have been described in detail. In
addition, other cereals like barley, cats and rye have also been dealt with here. The unit provides
information regarding the botanical details, origin, cultivation, breeding programmes and uses of
all' these cereals. Triticale the famous man-made grain is also described.

Tiie grain-legume combinaticn has formed an important part of the support system of every
major civilization. This holds true for the present times too. Legumes remain the chief
source of proteins parlicularly in the vegetarian diet. Also, the leguminous seeds are rich in
carbohydrates and some are even rich sources of oils and fats. The nitrogen-fixing property,
" easy cultivation, rapid growth, easy storage and transportation due to the low seed-water
content are some of their value-adding atributes. The twelfth unit of this course, entitled
Legumes (Pulses) is about these inteéresting and very important group of plants. In this unit
you would get detailed information about some widely consumed legumes in our countcy.

The Asian region is endowed with rich diversity in tropical fruits, It is a seat of
domestication and diversification of several major and minor fruits whose over 400 rich
species occur here. India grows almost all types of fruit crops ranging from evergreen
tropical to remperate deciduocus types. Unit 13 derls with the origin, distribution, ecology,
botany and uses of various types of important fruits and nuts. In this unit mango, banana,
pineapple, papaya, guava, fig, citrus, melons, litchi, pomegranate, apple and pear are
described in detail as these are the widely consumed fruits in India. Besides this various
nuts such as cashewnuls, pistachio, walnut, almond and chestnut have been described.

Vegelables make o farge and varied group of plants of consideraule importance in the world's
commerce. They rank next to the ceréals as source of carbohydrate food. The nutritive value
of vegetables is increased greatly by the presence of the indispensable mineral salts and
vitamins, while their roughage value aids digestion. Unit 14 deals with the origin,
distribotion, ecology, botany and uses of our common vegelables such as potato, sweet
potato, cassava, cnion. garlic, beet-reot, carrot, cabbage, letiuce, spinach, cucurbits, tomato,
brinjal, chillies and okra. 1t also gives infermation about their families and botanical names.

Oil and fat yielding plants constitule yet another important group of plants. These are
valued ol only for use in foed, but also for their wide applications in cur day to day life.
Their demand has been steadily growing in recent'years on two counts: ene, many of them
serve as raw material in various kinds of industries; two, these are emerging as alternative
sources of energy due to the constant depletion of non-renewable energy resources. Next to
the food grains the oilseeds the main source of plant oils and fats, constitute the second
major category of agricultural produce in [ndia. They are, therefore, of vital importance to
our agricultural economy. Unit 15 provides an overview of the plant oils and fats, wilh
special mention of their chemical structure, classification and importance. This is followed
by a detailed discussion on the major oilseed producing crops of our country.

Carbohydrates - the primary products of photosynthesis, are one of the major constituents of
our food. These are widely distributed in nature as sugars, starches and cellulose and other
complex substances. Of these, sugars and starches are easily digeslible, and hey_also provide
us the necessary calories. The study of their natural sources that is the plants, is the theme of
Unit 16. A number of sugar sources are available world-over. Sugarcane is the foremost
source in our country, This source plant has been discussed in detail in the first part of the
unit. In the later part, o starch-yielding plants, i.e., potato and cassava are dealt with in
detiil. . ’ '
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11.1 INTRODUCTION

Good food is essential for health as wek as survival of human beings. Human beings depend
on plants (and on animals that eat plants) for their food. The food we eat provides sub-
stances needed for good health. These nutrients provide materials for building, repairing or
maintaining body tissues. They also regulate body processes and serve as fuel to provide
energy. Nutrients are classified into five main groups: carbohydrates, fats, proteins, minerals
- and vitamins. All of these are important in the daily diet, and are obtained from different
plants.

The cereal or grain crops are the most important sources of food for man and provide the

basic or staple diet. They contain carbohydrates, proteins, fats, minerals and vitamins, and

thus have good nutritive value. These were amongst the first plants to be cultivated or

domesticated. They have been grown and used by man since ancient times. It is believed that

barley and wheat were first grown in Western Asia atleast 9000 years ago. This provided the

basis for civilisations of Mesopotamia, Sumeria, Babylon, Egypt, Rome, Italy and others.

Similarly, rice served as the important cereal for the civilisations in South East Asia and maize  Pesides cercals and millets, there

s L are a few other botanicall
for civilisations in the New World. urelated dicotyledoncus pfams

The ceredls not only serve as food for man, but are also important for many industrial used as cercals, The buckwheat
(Fagopyrum esculentumy. nrain

purposes. Cereals as well as other grasses are also used as fodder for livestock. Only afew of  amaranths (Amarantius spp.)

the more than 10,000 species of the grass family have been domesticated by man. and cothers used to a lesser extent
. . . . L. . are sometimes called

Interestingly no new species have been introduced into cultivation during the past 2000 *pseudocereals.

years or more, ’

Objectives

After studying this unit, you will be able to know the:
o importance of food for health and survival;
most important sources of plant food;

close relationship between cereals and man;
different cereal and millet crops;

origin and distribution; cultivation; botany; breeding and improvement; uses and
other details pertaining to :

Wheat Barley
Maize Triticale,
Rice

Rye

Oats

Sorghum
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Wheat Production in India (in

million tonnes)

52.93
93-94
94-95
95-86
9697
97-98

57.2
59.8
65.8
62.1
69.3
66.0

11.2 WHEAT

Botanical name: Triticut aesfivam Linn.
Family : Poaceae

Cotnmon name : Gehun

2n=42, A B& D genome

Wheat is the world’s most important feod plant for more than one third of the world’s
population. Hundreds of miltions of people throughout the world depend on foods made
from the kernels (seeds or grains) of the wheat plant. It is also probably the oldest crop
known in cultivation. Long before the beginning of agriculture, people gathered wild wheat
for food. It is believed that agriculture originated in the Middle East when wheat was first
cultivated in ancient times. There are several archeological evidences to show the presence
of carbonised wheat grains at the Neolithic sites in Jarmo in northern Iraq, and in central and
north eastern Europe dating back to the period 6750 B.C. to 7500 B.C. These and other
observations suggest that wheat spread rapidly and widely throughout Asia and Europe
after its domestication in the middle East. ’

Box 11.1: Cereal

It is interesting to know that the term cereal is derived from the Greek word ‘Ceres’,
which was the Goddess of grain, of harvest, and of agriculture in Roman mythology.
She was worshipped by the farmers and the people of Rome for her gifts. A festival
called “cerealia’ honoured the Goddess each year from April 1210 April 19. In Japan,
the ancient Shinto religion has many special ceremonies dealing with abundant
harvest and good health. Here rice is the most important cereal. The festival called
‘Baisgkhi’ (13th April} in northern India is also associated with agriculture and the
first grain harvested is offered to the Gods. These and several other evidences show
that there has been a very close relationship between the cereals and man since
ancient times. '

There are various kinds of wheat and the most widely cultivated wheat today is called the
common wheat or the bread wheat. We owe much to the Russian Botanist Nikolai Vavilov
{1887-1943) for our knowiedge of wheat. He studied more than 31 ,000 samples of wheat from
different parts of the world to classify the wheats into different kinds. This knowledge was
later supplemented with information from cytology, physiology and biochemistry obtained
by Japanese and American scientists to provide us valuable data about the wheats of the .
world. It is therefore necessary to know about the taxonomy of the different wheats. This
information will help us to understand the origin and distribution of different wheats.

11.2.1 Taxonomy, Origin and Distribution of Wheat

Vavilov classified the different wheats into 14 species. Other wheat taxonomists recognise
either more or fewer species. All the wheats are classified in the genus Triticum. This isa
member of the Family Gramineae, sub family Pooideae and the tribe Triticeae. The different
species of wheat can be grouped into three categories on the basis of their cytology.

Box 11.2: Cytology of wheat ~

There are diploid wheats having 2n = 14 chromosomes, tetraploid wheats with 2n = 28
chromosomes; and hexaploid wheats with 2n =42 chromosomes. Detailed cytological
analysis of these wheats also revealed that there are 3 different genomes. The diploid
wheats have been recognised as having the *AA* genome. The tetraploids and
hexaploids are not autoploids (i.e. possessing similar genomes to the diploid). They
are alloploids with dissimilar genomes. The tetraploid whears have the * AABB*
genome while the hexaploid wheats have the *AABBDD* genome, This cytological
knowledge alongwith other evidences has helped us to know about the origin and
evolution of wheat as well as about other grasses which contributed to this evolution.

The oldest known wheat is the d'iploid wheat. There are wild and domesticated (cultivared)
species-of these diploid wheats. The wild einkorn wheat is called Triticum boeticum Boiss.
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This is a diploid wheat (2n = 14 ; AA genome) which was widespread in Western Asia. It

exibits considerable genetic variation. The cultivated einkorn wheat called Triticum
monacoccun L. evolved from the wild type, is also dipleid and has the same AA genome. it
has been in cultivation since ancient times. These wheats have one grained spikelets, the
fruiting stalks are brittle and fragile, and the grains remain firmly enclosed in the glumes. Very
little of this kind of wheat is cultivated today.

There are several tetraploid wheats. These have originated by Hybridization between the
diploid wheat and closely related wild grasses.They have 2 distinct genomes, the AA
component is obtained from the diploid wheats while the BB component was contributed by
the dlplmd grass called degilops speltoides (2n = 14; BB genome). Hybridization followed by
chromosome doubling resulted in the origin of the tetraploid wheats. The oldest known
tetraploid wheat is catled the wild emmer or Triticum dicoccoides Koem. It is found in
Palestine and Syria. From this wild emmer, the cultivated emmer or Triticum dicoccum Schubl
must have evolved by mutation, domestication and selection. Another tetraploid wheat
called durum or Triticum durum Desf. also evolved from wild emmer. These tetraploid wheats
were once widely cultivated in the Middle East. Cultivated emmer is now grown to a timited
extent only, but durum is grown extensively in ltaly, Spain and USA. .

The most common cultivated wheats are hexaploid. Triticum spelta Linn. and T. gestivum
Linn. are amongst the more important hexaploid wheats, A very large number of varieties of
Triticum aestivum or breadwheat are cultivated in different parts of the world. The evolution
of hexaploid wheat may be summarised as follows.

7. boeoticum Ae. speltoides Ae. squarrosa
2n = 14; A genome 2n=14; B genome 2n=14; D genome
wild wild wild

T. dicoccoides
2n=28; AB genome

wild T. spelta
2n=42; ABD genome
T. dicoccum cultivated

2n=28; AB genome

cu,ltivated ’ l l l

T. durum T, aestivum
2n=28; AB genome 2n=42; ABD genome
wild cullivated

11.2.2 Wheat Cultivation

1

Wheat is cultivated in a wide range of climates and soils. It is also the most widely cultivated
crop of the world. It is grown in areas from 40°S to 60°N of the equator having fairly dry and
mild climates. Extreme heal or cold, or very wet or very dry weather is harmful for the crop.
Thus, the weather conditions greatly influence the cultivation of wheat.

Wheat is largely cultivated in warm temperate regions having cool winters and warm dry
summers. The annual average rainfall of such wheat growing regions should be between 30
and 90 cm. The crop can be cultivated from the plains to altitydes up to 3000m above sea
level.

Wheat grows best on fertile clay or silt loams having adequate organic nutrients. The soil
must have proper drainage as well as good water holding capacity. /

Wheat is grown as a major cereal crop in Russia and its adjacent regions, other European
countries particularly France, Germany and Italy and in the United States, Canada, Central
and South America, China, india and Australia. It is also grown in Pakistan, Turkey and
Egypt. In India, there are two main wheat growing areas: (i) The Indo-Gangetic region with
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Punjab, Haryana, U.P., Bihar and parts of Rajasthan; and (ii) Madhya Pradesh, South
Rajasthan, Maharashtra, Andhra Pradesh and Kamataka. ’

The crop grown in India is mainly the winter wheat and both the bread wheat as well as
durum wheat are cultivated. It is harvested as soon as possible after the grain has ripened,
before bad weather can damage the crop.

Threshers or special combines which harvest and thresh the crop are used to separate the
grain from the chaff. The grain is then sent for milling.

11.2.3 Botany of the Wheat Plant

The wheat plant is a typical grass with all characteristic features of the family Gramineae,
Young wheat plants are bright green. They turn golden brown when the grain is mature. The
plant is an annual with numerous “Tillers” (Fig. 11.1). It has two types of roots; primary or
seminal which develop from the embryo; and secondary or coronal which are adventitious
and develop from the basal underground nodes of the main axis and the tillers. The primary
roots live only for six to eight weeks while the secondary roots represent the permanent root
system of the plant.

The main stem as well as the tillers are erect cylindrical structures. Each is made up of 5-7
nodes and grows to a height 0.3 to 1.5m. The lower internodes are short but the upper ones
are [onger. These are hollow and usually glabrous.

Fig. 11.1: Tillering habit in cereal.

The leaves show an altemate arrangement. Each leaf has a basal sheath. It encircles the stem
and forms a complete tube in its lower region. The sheath splits higher up and continues into
the lamina or blade. The lamina is flat; long, narrow with an acuminate tip. It shows parailel
venation and more stoimata on the upper surface. The stomata are characteristic of the family
Gramineae having special ‘buliform’ guard cells, At the junction of the sheath and lamina,

there is a colourless membraneous ligule. A pair of auricles are also present at the base of the
lamina.

The inflorescence is a terminal spike made up of numerous spikelets. The inflorescence axis
is tough and does not shatter (break up) when the grain is ripe. The spikelets are in two rows
on alternate sides of the axis. Each spikeiet is sessile with 2-5 florets (Fig. 11.2). The spikelet
consists of a pair of sterile glumes, a shortened rachilla and 2-5 pairs of fertile glumes, Each
pair of fertile glumes consists of an outer lemma and an inner palea (Fig. 11.3 a). These fertile
glumes enclose the floret. The apex of the lemma is usually extended into an awn. The floret
consists of 2 lodicules which represent the perianth and regulate the opening of the flower.
There are 3 stamens with slender filaments and bilobed versatile anthers (Fig- 11.3b). The
gynoecium is monacarpellary {or according to some taxonomists tricarpellary syncarpous)
with a superior ovary and 2 terminal styles having feathery stigmas. There is a single ovule,

ﬁ




. Floret 5 (sicrile)

Florct 4
Floret 2 Fioret 3
Floret 1
Upper glume Lower glume

Fig. 11.2: Spikelet of wheat showing glumes, florets and floral parts.

Palea,
partially
enclosed

by lemma \

{a)

Fig. 11.3: Structure of ihe Moret of the Gramineae. a) Lemma and palea intact. b) Lemma and
palea remaved to show the essential organs of the flower,

The fruit is a caryopsis. It is a one seeded, dry indehiscent grain. Usually 2 grains develop in
each spikelet. Each grain is oval with convex dorsal surface and a centrally grooved ventral
surface. A tuft of hairs is present at the tip of the grain. The fruit wall and the seed coat are
completely fused and these layers constitute the bran of the grain. This encloses the
endosperm which forms the major portion (about 82-86% ) of the grain. This is mainly
madeup of starch and gluten. The outermaost layer of the endosperm is the aleurone which
contains vitamins, minerals, and proteins but does not contain gluten. The small embryo is
present at the basal end of the grain. It consists of the plumule and the radicle. The plumule
is enclosed in a sheath called the colcoptite. A coleorhiza or root sheath encloses the radicle
(Fig. [1.4}. A fleshy shield like cotyledon called the scutellum is also present.

Brush

Grain coal

Aleurone layer

Starchy endosperm

Pericarp surface

Scutellum

Coleorhiza
Radicle
Root cop

Fio. T1.4: Anatomv of wheal grain showing coleorhiza and radicle,
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11.2.4 Breeding and Improvement of Wheat Plant

11.2.4.1 Ever since the beginning of agriculture, man has tried to improve the plant for his
benefit, The earliest selections of plants for better growth, good grain and other useful
features were unconsciously carried out. This led to greater cultivation of the selected
varieties. These could also be the result of mutations or outcrossing and recognition of the
better characteristics of selected varieties,

There have been many landmarks in the breeding of wheat. it is interesting to know that the
famous Red Fife, Turkey wheat, Marquis, Federation and other important earlier varieties
contributed immensely to the promotion of wheat breeding. In India, the Imperial
Agricultural Research Institute at Pusa (Bihar) was an important centre for wheat breeding in
the early 1900’s. Some of these varieties of Pusa wheat such as P.4, P.6, and P.12 became
internationally famous. Later, at the Indian Agriculture Research Institute in New Delhi
{commonly called the Pusa Institute) work on wheat breeding has continued and New Pusa
or N.P. varieties have been developed. Dr. B.P. Pal developed the N.P. 809 variety which is
resistant to all three wheat rusts. This became a landmark in the history of wheat
improvement. Dr. M.S. Swaminathan s recognised as the Father of the Green Revolution in
India for his contributions to \vheat improvement.

11.2.4.2 In moderri times, proper understanding of many a3pects became a pre-requisite for
breeding and improvement of wheat plant. Detailed knowledge about the cytogenetics and
breeding behaviour became necessary. The damage caused 1o the wheat crop by diseases
and pests also necessitated the need to overcome the loss to the crop. In India, the wheat
crop is affected by different rust diseases caused by a basidiomycete Puceinia graminis and
other related species. Several other fungal and viral diseases also harm the crop. Itis
therefore necessary to have an integrated programme fot improvement of the wheat crop.
Some of the objectives of wheat breeding include the following:

) increasing the number of tillers per plant to increase the grain yield.

. i) increasing the number and size of grains per spikelet.

i) early maturity of the crop.

v} providing dwarf plants which are resistant to lodging.

v)  providing plants which respond favourably to chemical Fen;tilizers and irrigaticn.
vi) resistance to diseases and pests. '

vii) - producing grains of better quality.

viii) developing varigtics suiteble for local environment and acceptable Lo people of the
replon,

Some of the most importarit advancés in the history of wheat have resulted from the
scientific bréedliig of wheat during the 1900’s. By developing new varieties of wheat, plant
brecders have greatly increased the yield of wheat per acré or hectare of land. Some varieties
have higher yields because thiey can resist diseases or pests. Others mature early or respond
faveurably towards fertilizer applications and irrigation. Breeders have also developed plants
with strong stalks which can support a heavy load of grain.

One of the greatest developments in modern times has been the development of dwarf
varieties of wheat at the international maize and wheat Improvement Centre in Mexico
(CIMMYT). This was done by introducing dwarfing genes from the Japanese ‘Norin’ dwarf
varieties into other varieties. This resulted in the development of new varieties which
support a heavier yield of grains without collapsing of the stem. This worldwide effort to
boost grain production in developing countries has been so successful that India could
increase more than double its wheat yields in 3 years. This 'Green Revolution’reduced the
danger of famine and in 1970, the American Agricultural Scientist Dr. Nerman E. Borlaug,
(Director of CIMMY T) was awarded the Nobel Peace prize. ‘

- The Mexican dwarf wheats with the Norin dwarfing genes were used for breeding varieties

acce:plable to Indian Wheat Consumers. Lermo Rojo 64A and Sonara 64 were introduced for
cultivation, These were then supplemented with varieties such as Kalyansona, Safed Lerma,
Choti Lerma, Sonalika, Sharbati Sonara and others.




11.2.4.3 Hybrid Wheat : Hybrid plants are extremely important in agriculture. They are
produced to improve the quality and productivity of the crops. In maize, hybrid varieties
have exceptional vigour and produce high yields. This characteristic if introduced into wheat
shall bring a great breakthrough in wheat breeding. The possibility of producing hybrid
wheat can be traced to the discovery of cytoplasmic male sterility in 1951 by a'Japanese
wheat breeder Kihara. The male sterility resulted from the interaction of a nuclear gene in
Triticum agestiviem and the cytoplasm in Triticum timopheevi. The fertility can be restored by
genes from 7. timeopheevi and other sources. There is thus a great deal of interest in the
development of hybrid wheat and it may not be long before Indian Farmers grow this crop,

11.2.5 Uses

Wheat is consumed in various forms and, in some areas, it is consumed al every meal in some
form or the other. The grain is ground into flourwhich js.used for making bread. The flour
contains ghuten, a prolein which makes-the'dough elastic. This elasticity of the dough is
essential in making bread, as it allows the dough to rise when it is baked with yeast. In India
and other parts of the world, ‘Unleavened bread’ (chapaties) is made from wheat flour.
Besides chapaties, it is also used for making tandoori roti, paratha, poori, etc. Refined wheat
flour (maida) is used for making cakes, biscuits, pastries and other products. Coarsely
ground wheat called semolina (sooji) is used for various preparations such as sweet, halwa,
Kharabath or upma. Wheat porridge is also made from hard grains. The tetraploid wheats
such as Triticum durum are important for making macroni, spaghetti, vermicelli, noodles ete.

The wheat grain is rich in nutrients including protein, slarch, vitamins, essential minerals
such as iron and phosphorus. Whole wheat {lour made from the entire grain is more
nutritious than white flour made by using roller mills. Here only the soft white inner part of
the grain which is mainly the starchy endosperm is ground into flour. This process removes
the "wheat bran’ L.e. outer covering of the grain, as well as the ‘wheat germ’, i.e, the embryo.
These parts of the grain contain the nutritious vitamins, minerals as well as the proteins.

Besides food, wheat is also used in several other ways. The bran is an important constitucnt
of livestock and poultry feed. Glutamic acid obtained from wheat is used in the manufacture
of monosodium glutamate (MSG). This salt has little flavour of its own but enhances the
flavour of other foods. Wheat is used industrially for the manufacture of starch, gluten,
alcohol, adhesives, polish etc. Wheat straw is used as a livestock feed, compost and for
making baskets, hats, strawboards, paper or even simple toys.

1i.3 MAIZE

Botanical name: Zea mays Linn.
Family : Poaceae

Common name: Makai, Bhutta
n=10

Maize or comn is one of the three major cereals which are the chief sources of energy in the
human diet. Inthe order of world grain production, maize ranks second, after wheat. Rice is a
close third. Maize is the most widely distributed cereal crop with a very interesting history of
its origin. It is perhaps America’s greatest gift to mankind. Maize has an amazing number of
uses as food for man, livestock feed and for making many kinds of non-food products.

The name maize is derived from a South American Indian Arawak-Carib word “Mahiz". It was
first used for food about 10,000 years ago by Red “Indians” living in the area now called
Mexico. For hundreds of years, these “Indians” gathered the grains from wild plants before
they learnt to grow corn themselves. Thus it was also called “Indian corn” although this did
not refer to our country India.

Maize is a member of the grass family Gramineae like the other cereals. There ar= several
thousand varieties which are cultivated. They are all dependent on man for their survival as
the grains are enveloped by a tough, thick husk and cannot be dispersed naturally on their
own as in the case of other cereals. Ifthe entire cob falls on the ground, all the seeds could
germinate together with probably no single plant attaining maturity. Itis, therefore,
necessary to know more about this important cereal plant of the new world.

Cereals and AMillets
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11.3.1 Taxonomy and the Origin and Distribution of Maize

The penus Zea is classified in the tribe Maydeae of the family Poaceae. There is only one
species, Zea mays which is known only in cultivation. Closely related to this genus are two
other new world genera, Tripsactm (called gama grass used as fodder in North America} and
Euchiaena (called Teosinte, believed to be the closest wild relative of maize). Some
taxonomists do not recognise Exclilagna as a separate genus and transfer all the species to
the genus Zea. ’

On the basis of the structure of the grain several types of comn have been recognised. The
grain structure is controlled by one or a few genetical characters and this has a bearing on
the origin of the maize. The main proups are:

() Podcom - Zea mays var. tunicata

(iy Popcom - Zea mays var, everata

(i) Flint con - Zea mays var. indurata

(iv) Dent com - Zea mays var, indentata

(v) Soft corn or flour corn Zea mays var. amylacea
(vi) Sweet comn - Zea mays var.saccharata

(vii) Waxy maize - Zea mays var, ceratina

All these types were already in existence in Pre-Columbian times and it is necessary to find
out which is the most primitive. This shall help us to know about the origin of cultivated
maize. Pod comn is believed to be the most primitive. Here each grain (seed) is enclosed by
glumes or floral bracts. The entire cob is again enclosed by the husk. This is not cultivated
but is preserved in some localities to understand the origin of the earliest cultivated maize.
The other primitive type is pop cor. Crossing pod corn with popcom has lelped in
producing a geneltic reconstruction of the ancestral form of majze.

Scientists have not been able to trace the ancestry of modern maize directly to a wild plant as
has been done with other cereals. Archeological findings, genetic studies and qther
evidences have been used to support the different views on the origin of maize.

() Asiatic Origin of Maize

Bonafus (1836) suggested that maize may have originated in South Eastern Asia (probably in
Assam) by Hybridization between Sorghum and another grass Coix. This idea was
supported by Anderson (1945) who also suggested that maize spread to the new world in
pre-columbian times. [n 1964, Dhawan reperted the occurrence of very primitive type of maize
from the foothills of the Himalayas. These were called “Sikkim Primitive 1" and “Sikkim
Primitive 2", They have morphological and cytological characteristics of the most primitive
kind and can be called “living fossils". However, there is no other evidence to corroborate
this view on the Asiatic origin of maize nor any explanation on how it spread to the new
world in pre-historic times.

(i) New World Origin of Maize

There is considerable evidence to establish the view that maize is the 'Bift of the new world
fo mankind’. This cereal was widely dispersed and used as the basic food plant in all pre-
columbian ancient civilisations in America. Extensive research work carried out by
Mangelsdorf, Reeves, Mac Neish and Wilkes, has established an American origin of maize.
The region from Gautemala to Southern Mexico is believed to be the centre of origin of maize.

When we accept that maize originated in America, it is necessary to determine the ancestors

of modern cultivated maize. There are many interesting observations related to the origin of
maize. .

(a) The ancestor of modern cultivated maize is maize itself and not any other related grass.
This view is based on the discovery of maize pollen from Mexico. In 1954 when the first
Skyscraper was being constructed in Mexico, fossil pollen grains were found at a depth of

" 70 meters. These were dated to be about 80,000 years old of the last interglacial period.
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' b) Excavations of archeological sites at the Bat Cave in New Mexico, have been carried out Cereuls and Millets

since 1948. These have identified some very primitive settlements which may have been
inhabited by ancient people for-several thousand years. These people practised a very
primitive form of agriculture and primitive pattern of'samlallon It has been found that there
were preserved corncobs in refuse heaps. These were very small measuring only 2-3 cm long -
ind have been determined to belong to the period 3600 B.C. Several other such primitive

cobs have also been excavated from other ancient sites in different parts of Mexico. An
interesting discovery was made in 1960 by Mac Neish from the Coxcatlan Cave in the
Tehuacan Valley in Southern Mexico. Well preserved comn cobs as old as 5200 B.C. have been
identified. These could be considered as the original wild maize, because of their primitive
characteristics. The pod corn which is believed to be the most primitive type of corn, is of this
type. Mangelsdorf (1974) in his book **Com, its origin, Evolution and Improvement”
concludes that cultivated maize originated from ancestral maize. -

(c) Extensive studies'by Mangelsdorf have shown that the Pod com is the most primitive
type of corn. Each grain (seed) is enclosed in a pod or husk formed by the glumes or floral
bracts. The entire cob is again surrounded by the husk. The pod character in com is
controlled by genes on the Tutu locus on the fourth chromosome. The Tutu locus is strongly
pleiotropic and affects many different characteristics of the maize plant. A genetic
reconstruction of ancestral maize has been possible by crossing pod com with Pop corn and
back crossing the hybrid. These studies suggest that cultivated corn originated from wild
ancestral corn in the new world.

(d) The closest relatives of corn are Teosinte {Exchlaena mexicana} and Gama grass
(Tripsacum dactyloides). These are not the ancestors of wild maize, biit they evolved
alongwith ancestral wild maize and hybndlzed with it. Some of the characteristics of these
grasses are found in cultivated maize.

(e) The recent discovery of a perennial grass identified as Zea diplo-perrensis should
provide importtant information about relationships of Zea mays.

11.3.2 Corn Cultivation

United States of America is the largest producer of maize. About 40% of the total world
production of maize is obtained from the U.S.A. China is the second largest producer of
maize. Other leading producers incLude Argentina, Brazil, France, India, Mexico and Romania.
Japan is the largest importer of maize.

In India, maize is grown in UP, Bihar, Punjab, Himachal Pradesh, Rajasthan, Karnataka,
Madhya Pradesh, Andhra Pradesh and in Jammu and Kashmir.

11.3.3 Botany of the Maize Plant

The maize plant is an arinual fast growing grass. It has a single stem which may be short (up
to | meter) or tail (up to 5-6m). The stem is succulent and a few tillers may be formed in some
varieties.

The root system is very characteristic. The first seminal root develops from the radicle. This is
followed by 3 or more seminal roots which grow out sideways from the embryo. These are
important because they supply the nutrients to the young seedling. A fier 2 weeks, they may
remain functional or lose their importance. They may or may not persist throughout the life of
the plant. After 2 weeks, the adventitious coronal or crown roots develop. These are fibrous
roots developing from the lower nodes of the stem. They grow close together and branch
profusely when the stem elongates and the plants start flowering, a second set of
adventitious roots develop from the nodes just above the soil surface. These are the prop
roots or brace roots or stilt roots. They are partially photosynthetic and ofien deeply
pigmented. They provide additional support 10 the stem and on entering the soil they
function like the corenal roots.

The stem is erect, cylindrical and solid with distinct nedes and internodes. (s height as well
as thickness (diameler) vary considerably. There arc usually 14 (range 9-21) nodes on each
stem, The intemodes towards the base are shorter and thicker, gradually elongating and
tapering te the terminal male inflorescence.
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The leaves are borne alternately on either side of the stem at the nodes. This arrangement is
called distichous. As in other cereals, the |eaf consists of the basal sheath and the terminal
lamina or blade. A membraneous ligule is present at the junction of the sheath and lamina.
The sheath encloses the internodes to varying [engihs and splits above. The margins of the
sheath usually have hairs in the upper part. The lamina or'blade is linear-lanceolate ’
acuminate and wavy. The midrib is prominent and venation is parallel. The lower surface has

more stomata than the upper, surface.

Economic Bolany

The maize plant is moneceious and diclinous, The male and female inflorescences are bome
separately on the same plant. A single terminal panicle called the tassel is the male
inflorescence. This may be compact or highly branched, erect or flexuous. The spikelets are

‘ paired and in each pair, one spikelet has a short pedicel and the other is sessile. Each spikelet
has two glumes, and 2 male florets. Each floret has a lemma, palea, 2 fleshy lodicules and 3
stamens. A rudimentary gynoecium may also be present (Fig. 11.5).

Pedicelled spikelet

Upper glume of
sessile spikelet

Numerous styles
lorming the silk

Sessile spikelets

Stamens of upper florel
which opens first

Female inflorescence
terminating branch

Palea of lower of stem

floret Sublending leaf

Lemma of lower
floret

— Leaf bases
of axillary branch
forming husk of cob

Lower glume of
sessile spikelet

Main Stem

Axillary branch of
stem with contracted

internodes
O Husk of cob
=P & 2 Styles
B Ewl - Paired female spikelets
3 £
Tl a8 Lemma of.
e perfect floret Upper glume
Style
(© — Palea of perfect
floret
Ovary
. Lemma | £ steril
Lower glume 3 Pal ol steriie
) ca floret

Fig. 11.5: Zea mays. a) Sessile and pedicelled spikelets of the male inflorescence. b) Diagram-
matic longitudinal section through the female inflorescence, c) Biagrammatic
transverse section through the female inflorescence. d) Diagram of a pair of female
spikelets.

The female inflorescence, called cob or ear, is also terminal but it develops on a modified
lateral branch. This branch develops from the axillary bud of the foliage leaf, [t is like the
main shoot and has nodes and internodes. Leaf sheaths arise from each node and form a
proteclive covering or husk around the inflorescence. This consists of a thickened central

- axis-having paired spikelets in vertical rows. The spikelets are associated with a socket like
cupule in alternate rows. The spikelets are sessile and identical having 2 glumes and 2 florets
The upper floret is fertile while the lower is sterile. The floret has a lemma, a palea and the -
ovary. The ledicules are absent and rudimentary stamens may be present. The long thread
like style or “silk™ is receptive along its entire length. The silk is visible above the husk of 1he

14 cob.




"The fruit is a caryopsis. The maize kernels are bomne in an even number of rows each having -
developed from the single fertile flower of a pair of spikelets. Unlike other cereals, there is no
mechanism for seed dispersal in maize. The mature kemel consists of four parts:

(1) Short spongy pedicel or tip cap;
(2 Pericarp or fruitwall called hull;

(3 Endosperm which comprises the major portion of the seed and contains starch, Its
outermost layer is the aleurone which has little or no starch. The protein network may
be thick and dense making the endosperm hard flinty and translucent. If the protein
network is thinner, the endosperm becomes soft and opaque (Fig. 11.6).

Fused pericarp and testa

Aleurone layer

Endosperm

Scutelum ——

Coleoptile
Plumule

Radicle |

Coleorhiza \\\ /

Fig. 11.6: Zea mays; Diagrammatic longitudinal section of the caryopsis.

(4)" The germ or embryo is present on one side at the base of the seed. It consists of the
plumule, radicle and scutellum. This is relatively rich in fats, minerals, proteins and
sugars.

11.3.4 Maize Improvement

Maize is cross-pollinated and exhibits a high depree of heterozygosity. Very few seeds, even
on the same ear, will have the same genotype. Maize has, therefore, been subjected to
intensive genetic and cytogenetic studies for obtaining desired varieties.

The development of hybrid maize has been one of the greatest achievements in plant
breeding. It has revolutionised agriculture and increased maize yields considerably.

Dr. George A. Shull (1874-1954) by using controlled self-pollination developed inbred lines.
The crossing of two inbred lines produced hybrids with greater vigour. The introduction of
the concept of double cross suggested by Dr. Donald F. Jones made the production of hybrid
maize economically feasible. Within 10 years (1936-1945), the yield of maize increased from
less than 5% to more than 90% by using hybrid seeds.

Conventional methods of plant breeding required removal of male inflorescence to ensure
cross pollination from desired inbred line. It was later found that cytoplasmic male sterility
lead to abortion of the pollen. Therefore, crossing of selected parents produced desired
hybrids eliminating the laborious detasseling operations. The production of more vigorous
inbred lines has helped to increase the yield of seed they prpduce.

The Indian Council of Agricultural Research launched a co-ordinated Maize Breeding Project
in 1957. Several well known hybrids such as Ganga Hybrid Makka, Ranjit Hybrid Makka,
Deccan Makka and others are now widely cultivated in different parts of the country.

The all Indian Co-ordinated Maize Improvement Scheme started in 1964 has led to the .
development of varieties such as Vijay, Kisan, Jawahar, Vikram, Shakti and Ratan. These have
added a significant milestone in the history of maize research in India.

Cereals and Millets
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Tortillas are unleaved pancake
like corn bread prepared from
maize flour and arc used as staple
feod.

Rice Production in India (in
miilion tonnes)

92.93 729
93-94 80.0
94.95 81.0
95-96 77.0
96-97 . 81.3
97-98 82.1

* Riec paper is nol made from rice,
but from the pith of Tetrapanax
Papyriferum (Hook) K. Kach, a
tree from Taiwan belonging to ihe
family Araliaceae.
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11.3.5 Uses of Maize

Maize is used for three main purposes: (i) as human food; (ii) as feed for livestock; and (iii) as
raw material for many industrial products, Besides these, maize also has a number of
subsidiary uses.

The maize grain is especially rich jn starch. Besides starch, maize also suppiies fats and
proteins. Zein is the predominant protein in maize. However, maize protein is deficient in the
amino acids tryptophan and lysine. Because of this, it is necessary to supplement a diet of
maize with an alternative protein source to provide a balanced diet.

The grain can be simply cocked and eaten. The young maize kemels (especially of sweet
corn) may be boiled or roasted. Popcorn can be prepared by heating small grains, which
explode or pop, turning inside out to form small white fluffy balls. These are eaten as a snack.
Corn meal, com flakes, and comn starch are consumed as staple food in various ways. Maize

* is unsuitable for making bread as it is deficient in gluten. Corn syrup and comn sugar are used

in the manufacture of jams, jellies and confectionery, Comn oil is an important cooking
medium.

Maize is an important livestock feed in most western countries, About 50% of all the maize
grown in the USA is used for this purpose. Silage is made from entire maize plants (except the
roots) or after the cobs have been harvested. Green and dried stalks are also used as fodder.

Maize is used in the manufacture of many industrial products. Maize starch is dried and used
for the manufacture of dextrins. The oil goes in the making of soaps and glycerine. Zein, the
maize protein, is used to produce fibres of good tensile strength. The fibres of the stem are
utilized for making paper. The pith is used as light packing material as wel] as for the
manufacture of explosives. When the maize cobs are cooked under pressure with acids, a
substance called furfural is produced. This is an important industrial compound used for
refining diesel, vegetable and lubricating oils. It is also used for making plastics and nylon.

Alcoholic beverages such as beer and whiskey are made from maize. Industrial alcohols such
as ethyl, butyl and propy! alcohol are also made from maize grains. Besides these, acetalde-
hyde, acetone, glycerols, acetic, citric and lactic acids are also manufactured from maize.

]

11.4 RICE

Botanical Name: Oryza sativa Linn, ) o
Family : Poaceae

Common Name : Chauval, Dhan.
n=12

More than half of the people of the world eat rice as the main part of their diet. Nearly all the
people who depend on rice for food live in Asia. Most taxonomists have identified about 20
species of rice, but only two are cultivated and are of economic importance. The Asian rice -
Oryza sativa Linn. is the main cereal crop in Southem and Eastern Asia. It is also cultivated
in other parts of the world. The African rice -Oryza glaberrima Steud is grown mostly in
West Africa, The two species differ in glume pubescence and ligule size, In‘additon to these
structural differences, the pericarp in 0. glaberrimais red. Interestingly, intermediate forms

between the two species occur, The following account deals with the more important species,
Oryza sativa.

11.4.1 Origin and Distribution of Rice

Oryza sativa originated in South East Asia. The exact place and date of its origin or
domestication is not known with certainity. It has been cultivated in China for nearly 5000
years. Archeological evidence from the Yung Shao excavations in China show the temains of
rice. These have been dated 2600 B.C. There are many religious ceremonies associated with

rice sifice ancient times. These and other evidences Suggest that rice may have originated in
China, )
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A second hypothesis suggests that rice may have originated in India and then spread to Cegealsi and Millets
China and other parts of South East Asia. Archeological excavations from Lothal in Gujarat

have revealed charred grains of rice. This has been dated to 2300 B.C. and is believed to be

an extension of the Harappa culture of the Indus Valley Civilisation. There are also records of

rice in ancient Hindu scriptures and literature. Carbonised grains of rice have also been found

from Hastinapur in Uttar Pradesh.

In additon to this, the International Rice Research Institute (IRRI) was set up in the
Philippines by the joint efforts of the Ford and Rockefeller Foundations to study this
important cereal crop plant. In three years, between 1962 and 1965, samples of rice from
different parts of the world were collected to build up a germ plasm bank. More than 10,000
varieties of rice were recognised and interestingly about 60% of these were found in India.
This suggested that there was a great genetic diversity in the rice grown in this country.
From an evolutionary point of view this is important because greater the diversity, more arée
the chances of adaptation to the environment. The cultivation of rice in marshy areas with
intervening mountains as well as the presence of wild species in the region have helped in
the natural selection of different varieties.

Besides, these evidences, there are numerous traditional uses of rice in religious ceremonies
‘in India. These are associated with birth, marriage and even death, suggesting that rice is of
ancient origin in India. From India, rice may have spread to China, Indochina, Japan and
other South east Asian regjons. [t may also have spread westwards to [ran, [raq, Egypt and
neighbouring areas. : '

Wemay also look at the origin of rice from a taxonomic angle. There are two divergent views
on the origin of cultivated rice. The first hypothesis suggests (hat the cultivated rices
originated from one ancestor. This monophyletic hypothesis suggests that the two cultivated
species, Oryza sativa and O, glaberrima, have evolved from a common ancestor. The search
for this ancestor has shown the occurrence of a wild rice Oryza longistaminata (also called
Oryza perennis) which could be the progenitor of both cultivated species. The origin of this
is traceable to the Gondwana land super continent. Due to continental drift and splitting of
this super continent, the present day Africa, Madagascar, South East Asia, Australia,

- South America, Antarctica etc. were formed in pre-historic times. The original ancestral
species of rice found in the Gondwana [and adapted to the regions in West Africa and South
East Asia. This led to the evolution of Oryza sativa on one hand and Oryza glaberrima on
the other. ’

Rice is cultivated to a very large extent in China, India, Japan, Bangladesh, Thailand, Vietnam,
Myanmar and other adjacent countries. 1t is also cultivated to a lesser extent in Africa,
America and Europe. India which is the second largest producer of rice after China, often
imports rice to meet its requirements. In India, rice is cultivated in almost all states. It is more
common in river valleys, coastal regions and deltas. West Bengal, Tamilnadu, Orissa, Andhra
Pradesh, Bihar, Madhya Pradesh, Uttar Pradesh and Assam are important rice growing slates,
Itis also cultivated in Jammu and Kashmir, Himachal Pradesh, Punjab, Haryana, Maharashtra,
Kamnataka and Kerala. A Central Rice Research Institute (CRR1) has been established in
Cuttack (Orissa) to co-ordinate the research in rice.

11.4.2 Ki_n_ds of Rice

Rice taxonorists have studied several characteristic features of the different kinds of rice and
have recognised three subspecies. These have evolved as distinct Zeographical races and
can be identified by a large number of characters. The three subspecies are:

a) Oryza sativa sub sp. .indica
b) Oryza sativa sub sp. japonica
¢) Oryza sativa sub sp. javanica

Marked sterility barriers occur between these subspecies. Of these the indica and japonica
rices are very well known and can be differentiated on marphological as well as physiological
characters as listed in the following table:
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Table11.1 : Morphological and Physiological differences between the indica and
Jjaponica rice subspecies,

Character indica subspecies Japonica subspecies

Climatic adaptability Tropical monsoon Warrn (emperate

Tolerance to adverse High Moderate

conditions

Resistance to disease

Fairly resistant

Less resistant

Photoperiodic response Predominantly photosen- Photoperiod
sitive (short day) insensitive
Fertiliser responsiveness Low High
Lodging - Susceptible Resistlant
Vegetative period and Long, vigorous growing, Short, lack
growth leafy (late maturing) vegetative vigour
(early maturing)
Tillering habit Profuse tillering Moderate tillering
Nature of culm Long and weak stalks Short and stronger
‘ o stalks
Foliage form and colour Broad and pale green Narrow and dark
green
Husk pubescence Sparse, short Dense, long

Awns

Usually absent

Sometimes present

Shattering quality Susceptible Resistant
Grain size Usually long, narrow, Short and thick
flattened
Enc.losperm Translucent Chalky
Seed dormancy Present Absent
Cooking quality On cooking, grains do Grains soften
not turn sticky rapidly and become mushy
Yield potentiai Medium High
Price commanded High Low

From: Kochhar, 1998,

Rice varieties may also be classified on the basis of their period to maturity. In India we have:

)  Very early varieties which mature in 110 days or less
b) Early varieties maturing in 110-140 days
¢} Late varieties maturing in 150-170 days

d) Very late varieties maturing in 180 or more days. '

Depending on this period of maturity,farmers can grow 2 or 3 crops of rice on the same land
in one year provided water is available.

11.4.3 Cultivation

Methods of rice cultivation vary in different parts of the world. In India and other South Eas
Asian countries, most of the rice is cultivated by using simple techniques and using
available farm labour. Four main steps are adopted for rice cultivation, These are :(i) preparin
the ground; (if) planting; (iii) controlling diseases and pests; (iv) harvesting,

Rice shows a great tolerance to wet habitats because it is basically a crop of swampy soils.
grows best in regions which have adequate fainfall, However, it can also be cultivated in drie
regions if irrigation facilities are assured to the farmers. Successful cultivation is dependent
on the supply and conlrol of water during the greater part of the growing period.
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Compared with water supply, soils are relatively unimportant. Rice can be grown on many
types of soils. Heavy alluvial soils of river valleys and deltas are more suitable for successful
cultivation of rice. Adequate quantities of fertilizers containing nitrogen, phosphorous and
potassium are required.

Rice is a warm season crop requiring a relatively high temperature during the growing
season. The average temperature during the growing season varies from 20-38°C. Long
periods of sunshine are essential for high yields especially during the period from panicle
initiation to harvesting (about 45 days). The indica varieties require more iemperature than
the japonica varieties. Rice is a short-day plant.

When rice is cultivated as a dryland or upland crop, the land is ploughed repeatedly after the
harvest of the previous crop. The seed is sown as in the case of other cereals. In wet paddy
cultivation, the land is irrigated about one month before sowing and it is thoreughly )
ploughed in standing water several times. The seeds are germinated in small nurseries and
the seedlings are transplanted into the flooded fields. This practice of transplanting rice
seedlings has several advantages:

)  The time of growing rice on the main plot is shortened. This permits raising 2 or 3 or
sometimes even 4 crops annually on the same land.

i It permits the selection of the most favourable season for optimum yields of the crop.

i) Lesser quantities of seed are required, thus reducing the cost. For one hectare of land,
30-50 kg. of seeds are required under wet paddy cultivation as compared to dryland
cultivation where 50-100 kg of seeds have to be sown on one hectare.

iv) Seedlings raised in nurseries develop into strong and healthy plants. They develop
resistance to adverse environmental conditions. It is also easier to control diseases,
pests and weeds.

v)  Transplantation also facilitates effective use of seils rich in salts.

11.4.4 Botany of the Rice Plant

The rice plant is d semi-aquatic, freely tillering, annual grass. It has a cylindrical jointed stem
about 50-150 cm tall. The root system is fibrous. The primary root emerges on germination
and it is followed by 2 additional roots. Adventitious roots are then produced from the basal
nodes of the primary stem and tillers (Fig. 11.7). The roots can grow under low oxygen
concentrations. They form a dense surface mat and they are highly branched and have a
profusion of root hairs.

H

S) Leaf blade
Prophyllum - o

Ny

Ligule
Aauricle

Collar

Tiller

Advenlitious rool

@ 7AA \

Fig.}_l.'?: Rice : {a) Basal part of the main rice culm shows adventitious roots, prophylium and
two-ranked leaves. (b) A leaf joint showing ligule and auricles.
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The stem or culm is usually erect, smooth and 6-10 mm in diameter. The nodes are solid but
the internodes are hollow. Above each hode there is a prominent pulvinus and an intercalary
meristem. The lower internodes are short, and become progressively longer towards the apex.
There are 10-20 internodes on each stem.

The first leaf at the base of the culm and each tiller is rudimentary. It consists of a bladeless
prophyll. All other leaves on the plant have a sheath and lamina. The leaves are borne
alternately on the stem in 2 ranks one at each node. Each leaf consists of the sheath, blade,
ligule dnd auricles. The sheath is split down its entire length and encircles the node. The
lower sheaths are longer than the internodes but after the 10th leaf the sheath becomes

E
progressively shorter than the internodes. ) ) h

i

L

f

The sheath is finely ribbed and glabrous. At the junction of the sheath and blade, there is a
triangular membraneous ligule. It is usually colourless and tends to split with age. On either
side of the ligule there are small fringed appendages called auricles. The leaf blade is narrow.
The lamina of the uppermost leaf below the auricle is wider and shorter than the other [eaves.
This is called the “boot or flag leaf’.

The infiorescence is a loose terminal panicle 14-42 cm long. The main axis bears a variable
number of primary branches. The angle at which the primary branches are borne determines
the compactness of the inflorescence (Fig. 11.8). The primary branches bear secondary
branches each of which has one or more spikelets. Each spikelet is bilaterally compressed
and has a single bisexual floret. The pedicel is short and firm. There are 2 glumes of equal”
_length. The lemma is large, boal shaped and rigid. It is hard, keeled and strongly 5-nerved.
The apex may be pointed or extended to form an awn. The palea is narrow, keeled and 3-
nerved. The apex of the palea is projecled as a solid point which forms the apiculus of the
caryopsis with the apex of the lemma. Each floret has 2 broad lodicules, six stamens in 2

whorls and the gynoecium with a single ovule. There are 2 styles with white or purplish
plumnose stigmas. : :

Lomma £

Upper glume ]

Lower glume

(a)

{c)

Fig. 11.8: Oryza sativa. 2} A spikelet. b) Lemma and palea removed to expose the flower with six
stemens, c) A portion of the rice panicle.

The fruit is a caryopsis closely enclosed in the husk formed by the lemma and palea. This is
called paddy. During milling the hull is removed and the rice grain is separated (Fig. 11.9).

In India about half of the rice produced is parboiled. The paddy is steeped in cold or hot
water for varying period upto 3 days. It is then steamed at low pressure and dried. The hull is



Palea

Aleurone layer

Hull (Glume and palea)

Fig- 11.9: Disgrammatic longltudinal section through a rice spikelet.

then removed by milling. Parboiling results in less breakage of the grain during milling. The
important nutrients are also retained in the grain and the grain can be stored for longer
period. However, it is important to ensure that clean water is used and parboiling done under
hygenic conditions so as to obtain good quality grain. Improper parboiling leads to inferior
colour and unpleasant odour in the grain.

11.4.5 Rice Breeding Programmes

The methods ot:'breeding rice are similar to those used in breeding wheat and other self-
pollinated crops. The objectives of these programmes are:

ij}  Germ plasm collection to introduce new varieties.
i)  Selection of superior genotypes for optimum benefit.
iif)  Hybridization to produce new varieties with suitable characteristics.

The increasing need of providing food to the growing population has led to the search for
higher production of cereal grains. In South East Asia, rice serves as the staple diet and
international efforts are required to produce more grains. In 1950, the Food and Agriculture |
Organisation of the United Nations sponsored an International Rice Hybridization Project at
Cuttack (Orissa), The Central Rice Research Institute took up the co-operative indica and
Jjaponica rices Hybridization project. The objectives of this project were:

D  toincorporate the genes for (a) fertilizer responsiveness and high productivities of the |

Japonica rices with (b) the hardiness and adaptability of indica rices.

i) to incorporaté the genes for non-lodging and non shattering of grains of the japonica
rices into the hybrids.

All countries of South East Asia contributed seeds of many varieties for the success of this
project.

Simultanesusly in Taiwan, rice breeders discovered a spontaneous dwarf mutant called Dee-
geo-woo-gen. This has become a landmark in rice breeding. This mutant has the following
characteristics: - .

) adwarfhabit, growing up 1o 60 cm only

iy  stiff leaves which are oriented in an erect manner on the stem, thus permitting maximum
utilisation of sunlight.

ii) photo insensitivity so that the crop can be grown all round the year.
iv} absence of seed dotmancy so that the seeds can be sown immediately after harvest.

By hybridization of this mutant with tall drought resistant indica rice, an outstanding dwarf
variety called Taichung native 1, was produced. After the establishment of the International

Cereals and Millets
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Rice Research Institute in Los Banos (in the Philippines) this dwarf hybrid was turther
exploited to produce a large number of new hybrids suited for different rice growing
countries. This also brought about a new approach to the rice breeding project in India after
1965, many new high yielding, early maturing dwarf and semi dwarf varieties have been
developed and are now widely cultivated in India. Some of the more well-known improved
varieties are IR-8, IR-20, Pankaj, Jaya, Cauvery, Vijaya, Ratna, Jagannath, Padma, Kamini,
Sabarmati, and Jayanti. Some varieties of japanica rice developed in Taiwan are also
cultivated. OF these Taiwan - 3, Taichung 65 and Taichung 68 are popular.

11.4.6 Uses

Being an important cereal, rice supplies about half the calories in the daily diet of millions of
people in South East Asia. It is an excellent source of carbohydrates and also has smali
amounts of proteins, minerals and vitamins. Rice has very little fat and is easy to digest.
About 90% of the rice is cooked and eaten in varjous ways with pulses, vegetables, fish or
meat. It may be boiled in plain water, or made into pulao. Rice may also be consumed in the
form of idli, dosa and other preparations popular not only in South India but also in other
parts of the world. Rice pudding can be made by cooking rice in milk and adding sugar and
nuts. Powdered rice may be cooked to serve as a substitute for milk to babies. This is the
only cereal which can be used in this manner. Rice flour is also used in confectionery, ice-
creams, pastries et¢. Rice starch is used as food, in laundry and also in the cosmetic and
textile industries,

Parched rice is made by mixing the grain in hot sand in open vessels. The grain begins to
crackle and swell, after which it is sieved. Rice flakes are made by soaking paddy in water for

2-3 days, followed by boiling in water for a few minutes. The water is drained, the grains are
cooled and then heated until the husks burst open. The grain is then flattened and the husk
removed. Puffed or popped rice is made by heating the rice in sealed containers for one hour
at 288°C. The moisture of the grain is converted into steam and when the pressure is
released, the grains swell or expand to several times of their original size,

Alcoholic beverages are made from rice. ‘Saki’ in Japan and ‘Wang Esin’ in China are
popular,

There are several byproducts of rice which are useful in various ways.

Rice husk is used as fuel for rice mills, for méking hardboard and as an abrasive. Furfural (see
maize) is also made from rice hull.

Rice bran, obtained during polishing brown rice for producing white rice, is used as a
livestock and poultry feed. Oil, extracted from the bran, is used for cooking and in the
manufacture of soap.

Rice straw is fed to cartle. It is also used for making siraw board, thatches, mats and hats,

SAQ I

I Listihesix important cereals of the world.

2 Differentiate between millets and pseudocereals.

3. Mention the centre of origin of:

a} Wheat

b) Maize




7.

Expand:

a) CIMMYT
b} IRRI

c¢) CRRI

Write notes on the contributions of:

a) N.Vavilov
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11.52 Cultivation

11.5 RYE

Botanical name: Secale cereale Linn.
Family : Poaceae -
Common name: Rye

n=79

This is the nearest relative of wheat amongst the cultivated cereals, The grains resemble
wheat and barley. Rye flowers, unlike those of wheat, oats and barley, open for poilination.
Due to cross pollination, it is difficult to keep varieties of rye pure. Rye is distinguished from
wheat by its narrow, subulate one nerved glumes. It is cultivated for the grain as well as for t
fodder, . . 3

11.5.1 Origin and Distribution ' ]L

Cultivated rye probably originated from wild perennial weedy species of the genus Secale in
Central and South West Asia as well as adjacent regions of Central Eurasia. There are several
wild species which can be cultivated and can sometimes exist both as a weed and as a pure
crop. The centre of origin of rye overlaps the centre of origin of the other bread cereals,
wheat, barley and oats. However, rye is believed to be of more recent origin than the other
cereals.

Rye is cuitivated to a large extent in Europe and Asia. Russia and its neighbouring regions,
as well as Poland are the main areas where rye is produced. In India, it is grown over very
small areas in the mountainous regions of Himachal Pradesh, Jammu and Kashmir and other
north-west Himalayan areas. In Jammu & Kashmir it is mainly cultivated as a host for the
ergot fungus (Claviceps purpurea).

Rye is a cold weather crop. [t can be grown in regions of severe winter, and at high altitudes. b
Rye can grow on light sandy or loamy soils. It requirgs adequate drainage and can withstand

-considerable soil acidity and alkalinity. It is, therefore, an especially valuable crop in regions

where other cereals cannot be cultivated economically. Rye can also be planted alongwith
wheat and barley.

11.5.3 Botany

Rye is a tufted annual, 1-2 m high with a tendency towards a perennial habit, putting forth
new plants from the stubble. Externally it resembles wheat. The inflorescence is awned,
having 2-flowered spikelets. The mature grain is more slendér than that of wheat and usually

greyish yellow. The flower shows typical organisation of grass family similar to wheat flower
(Fig. 11.10). :

11.5.5 Uses

Rye is sometimes called the “grain of poverty” because it provides the daily bread to a vast
population in areas where natural conditions provide no other alternative. Beside wheat,
this is the only other cereal which can be used for making bread. The food value of rye is
nearly equal to that of wheat. The bread made from rye flour is dark, almost black and bitter
but nutritious. Since rye flour has less of gluten, the yeast cannot raise the rye dough as
easily as wheat dough. Thus rye bread is heavier and more compact than wheat bread,

Rye is also used in the manufacture of alcoholic beverages such as whiskey, gin and beer.
It's straw is long, smooth and easy to bend. It is used as packing material, for stuffing
mattresses, or for making hals, mats and paper. This is also used for thatched roofs because
it decays less rapidly than most other kinds of straw.

Rye, its hay and midlings (medium sized particles obtained during milling of rye grains) are
also used as livestock feed. Young rye plants make good pasture, But, sometimes, cows
which graze on rye pasture give milk which has an unusuaily strong flavour. Rye is also
grown to improve or protect the soil. It has the capacity to combat weeds and is an impor-
tant component in crop rotations. It is also the only cereal which can be grown on sterile .
sandy or acid soils . This makes it an important pioneer crop for waste-land utilization.



11.5.5.1 Rye and Ergot : Rye, wheat, barley and other grasses are attacked by a parasitic Cereals and Millets

fungus called Claviceps purpurea or ergot. This fungus attacks the grain and long purplish
structures called sclerotia are formed in place of the seeds. Thespores produced by these
sclerotia cause infection in human beings and cattle. The disease called ergotism was
common in people who ate bread made from infected rye grains, It is no longer amajor,

disease today. .
Ergot is the source of a number of drugs. These are used to produce powerful contractions

of the involuntary muscles. The most common use of these drugs is to ease migraine
headaches and to prevent hemorrhage after childbirth.

®)

Fig. 11.10: Secale cereale. /) auricles and ligule, b) spike, c) spikelet.

11.6 OATS

Botanical name: (i} Avena sativa Linn. or the common oat.
(i} Avena byzantina C. Koch or the Indian oat.
Family : Poaceae

Common name: Jai ' " Coarse Cereals Production in

India {in million tonnes)

n=21

Oals are an important grain crop. They have a higher food value than any other cereal grain.  92-93 ' 36.6
Qats are rich in starch and high quality protein. They are a good source of vitamin B. 53.04 . 308
In India, the common oat or Avena sariva is generally not cultivated. Instead, Avena 94-95 299
byzantina (also called Avena sterifis Linn. var, culta) is grown mainly as a fodder crop, 95-96 29.0

96-97 - 34,0

11.6.1 Originand Distribution

Oals were first cultivated in the Iron Age in Europe. Archeological remains dating from the
first millennivm B.C. have been found in Switzerland, Germany and Denmark. Oats were
apparently unknown to the ancient Egyptians, the Hebrews, the Greeks, the Romans, the
Chinesc and the people of India. :

T~
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1t was assumed that the common oat, Avena sariva originated in Europe. However, Vaviloy it
1926 showed that oats occurred as weeds in wheat fields in Persia and suggested that the
ancestors of the cultivated oats may have been nalive of Asia. Oats probably originated in
the Asia Minor Trans Caucasian region.

The common oat, Avena sativa is cultivated in the United States of America, Canada,
Russsia, France, Germany, Poland, Sweden, Denmark and the Mediteranean region. It is also
cultivated in South America, Australia and New Zealand. In India, the oat is a crop of minor
imporlance. Here, Avena byzantina (also called Avena sterilis var, crfta) is cullivated as a :
fodder crop. Uttar Pradesh, Punjab, Haryana and adjacent areas are the major regions for oal’
cultivation. It is also grown to a limited extent in Maharashtra, Madhya Pradesh, Gujarat, - £
Himachal Pradesh, Orissa, Bihar and West Bengal.

11.6.2 Cultivation

Oats are grown lhlroughoul ihe cooler, wetler parts of the temperate regions. They are widely.
adapted to different agroclimatic conditions. They are relatively hardy and can survive unde}
conditons which are too cold for other crops. In India, they are grown as a rabi season crop,:
maostly under irrigated conditions. The crop can be grown on all types of soils. Well g
prepared, well drained, rich and friable loams are best suited for good growth. The crop can [
withstand slight acid and saline conditions, but not water logging and alkalinity. The crop |
-sown before the middle of November requires about 140-180 days to malure. Late sown crop!
“matures faster. ’ i

11.6.3 Botany

The oat plant is an annual tufied grass like other cereals. It can be distinguished from the
other cereal grasses by the following features:

a)  The plant has a bluish appearance

b)  The leaves do not have the auricles at the base
¢)  The inflorescence is an open spreading panicle bearing large pendulous spikelets '
d}  Thereare generally 40-50 spikelels in each inflorescence |
€)  The majority of the spikelets contain 2 seeds, each enclosed by a husk.

The leaf sheath firmly envelops the internode - a feature unusua) in grasses. - Each stem end:
in aterminal panicle consisting of many small branches. The branching of the inflorescence
can be broadly divided into 2 basic types: '

a)  Spreading type in which the branches are equally distributed on all sides of the panicle
b}  Common type or ‘horse-mane type’ in which all the branches are on one side.

The entire inflorescence may be erect or drooping. The-terminal branchlets of the
inflorescence have large pendulous, tong pedicelled spikelets. Each spikelet is 3-flowered,
but the second flower is usually sterile. Thus only 2 flowers are fertile. The fertile glumes,
lemma and palea may or may not be awned. In some varieties, the palea are awned and these
arc usually twisted and hygroscopic. The awns cross and when wetted, they try to uncurl. Ir
this manner, the awns press one another till a sort of explosion occurs, jerking away the
grains. Tife florets have the typical organisation as in other cereals or grasses (Fig. 11.11).

Qats are largely self-pollinated and only 0.5-1.0% natural crossing is reported. The grain is a
caryopsis. It is narrow and more slender than the wheat grain with a length wise groove on

one side. The grain is greyish yellow and firmly enclosed by the husk or hull formed by the

lemma.and palea. These may be of different colours. The seed which is enclosed by the hull
is of the same colour as the hull. When the seed is separated from the hull, it is calleda .
groat.

11.6.4 Uses

Oats are inexpensive, bul the most nutritious of all cereals. They are rich in starch high-
quality protein, vitamin B, fat and minerals. However, only a small proportion of the oats
cultivated in the world are consumed as human food. Oat meal, made by coarse grinding, and




rolled oats are commonly eaten as breakfast cereal. This is not suitable for making bread
because it does not contain gluten.

Qats are also used in making cakes, biscuits and infant foods.

The major portion of the oat crop is consumed as feed for livestock, especially horses, cattle
and poultry.

Qats grown for hay or silage are harvested when the plants are green and the seeds are soft,
" These are fed to livestock during winter. The straw from oats is used as bedding for live-
stock.

Third foret

First floret

(b)

Fig. 11,11: Onts (Avena sativa). (a} ligule, (b) panicle, (c} spikelet.

Besides being used as human food and livestock feed, oals also have industrial uses. Oat
hulls are used as raw material for manufacture of furfural (see also maize 11 .3.5). This
substance is used in oil refining, nylon and synthetic rubber production as well as
manufacture of antiseptic. Oat hulls can also be used as a fuel or for packing purposes.

11.6.5 Improvement

Scientists at the Indian Agricultural Research Institute, New Delhi have developed a number
of promising hybrids of the cultivated oats. The main thrust of improvement has been to
develop varieties which combine:

a}) good grain yield,
b) proluse stiraw production,
¢) early maturity. and profuse tillering

d) drought. resistance.

Cereals and Milleis
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11.7 SORGHUM

L

Botanical name: Sorgitum bicolor (Linn,) Moench (Synonym Sorghu¥n vuigare Pers.)
Famlly : Poacene

Common name: Jowar

n=10

Sorghum is a general term for a group of tropical grasses found in Africa and Asia. These
drought resistant grasses are excellent crops for dry regions and for areas with unreliable B
rainfall. Interestingly, these grasses can also withstand temporary water logging. The plants 3
are grown for their grains, or for their thick sweet juicy stems from which syrup is made. They
are also grown for forage and broom fibre.

11.7.1 Origin and Distribution

The crop was cultivated in Ethiopia more than 5000 years ago. The vast diversity of ]
ecological habitats in Ethiopia would have provided an ideal environment for selection of o
different races and varieties helping in domestication of the crop by the early settlers of this :
region. :

Jowar or grain Sorghum is cultivated in India, China, USA, Nigeria, Sudan, Argentina,
Pakistan, Mexico etc. In [ndia, Jowar is the staple food of a large number of people in Central
and Southemn Indla. Maharashira, Karnataka, Andhra Pradesh, Madhya Pradesh, Gujarat,
Rajasthan and the Bundelkhand region of UP are major sorghum growing regions. It is also
grown for fodder in other parts of the country.

Box 11.2 : Origin of sorghums.

There are many interesting aspects refating to the origin of the grain sorghums. The
Babylonians grew a grain which probably refers to Sorghum. The Persian name for
the crop is “Jaur-i-hindi”, This suggests that the grains may have originated in India.
This may also indicate that the grain was introduced, into Persia from India. Linnéaus
believed that sorghum was of Indian origin. However, there is no Sanskrit name for
sorghum to confirm the origin of this grass from India. It may have been introduced
later and easily adapted itself in the unirrigated dry areas of the country.

11.7.2 . Cultivation

Sorghum is adapted to a wide range of ecological conditions. It is essentially a tropical crop
and can tolerate hot and dry conditions. It is grown chiefly in dreas having an annual rainfall
of 50-100 cm. Average temperature for optimum growth is between 26 and 32°C. Some
varieties are able to produce good crop at higher temperatures of 38-44°C in semi arid

conditions. The crop grows well under nrigation and the mean yield is generally more than
that of a rainfed crop.

Sorghum can tolerate a wide range of soil conditions.

11,73 Botany

The sorghum plant in its vegetative condition has somewhat a superficial resemblance to the
maize plant. Tt isatall grass growing to 0.5 - 6.0 m in height. Generally there is a single, erect
stem. Sometimes tillers are produced. A well developed adventitious fibrous root system
penetrates upto 150 em in the soil and spreads laterally. Stilt roots develop near the base of
the stem to provide additienal support to the tall stem. '

Each stem has 7-24 leaves arranged in an alternate manner. Each leaf has a basal sheath, the
margins of which overlap and encircle the stem. There is a short ligule and triangular or

lanceolete auricles. The lamina is lanceolete, glabrous (smooth) flat or wavy, with prominent
margins and midrib.

The panicle bears many paired.(sessile and pedicillate) spikelets with large, dislinctly -keeled
glumes at the base, Each spikelet is two flowered but only one is functional.



The ses..sile spikelet is broad and relatively large with the lower flower reduced to a lemma, ) Cereals and Millets

while the upper is perfect, consisting of a lemma and palea, three stamens, twolodicules and
a centra'll}‘r placed ovary with long styles and bifurcated pulmose stigma (Fig. 11.12). The
lemnma is awned. The pedicillate spikelet is longer and narrower with a sterile lower flower,
consisting of lemma only, and staminate (or neuter) upper flower, having a lemma and three
stamens. Neither of these two flowers has a palea.

Pedicelled spikelets Lemma of upper male floret
Lemma of lower sterile floret

i ikel
Sessile spikelets Upper glime

/"5:'— Lower gi_ume
@) ® Pedicle
Palea of perfect floret Lemthna of perfect floret
Lemma representing
lower sterile floret  Upper glume
Ladicule

Lower glume

Fig. 11.12: Sorghum bicolor. a) The arrangement of pedicelled and sessile spikelets on the
ultimate branches of the panicle. b) A pedicelled spikelet with one male floret. ¢) A
sessile spikelet with a single perfect floret from which the stamens have been shed.
For the sake of clarity the hairs on the lemmas, palea and glumes have not been®
included.

The fruit is a caryopsis or grain which is usually partially covered by the glumes. It is
obovoid, ellipsoid or rounded. The colour may be off-white or cream to various shades of
red, yellow or brown. The endosperm is hard and comeous on the outside but whiter and
more flossy inside (Fig. 11.13). Dark coloured grains usually have a bitter taste.

Scutellum " Hard , flinty endosperm
Colenptile 4 & Sofl ,starchy endosperm

Aleurone layer

Pericarp and iesta (fused)
Coleorhiza -

Fig. 11.13: A diagram of a longitudinal section through the caryopsis of Sorghum.
11.7.4 Uses

. Sorghum grains have been important in world agriculture for centuries. At present, sorghum
~ ranks 5th in acerage of crops of the world, being exceeded by wheat, rice, maize and barley. It
- is the staple food in the drier parts oftropical Africa, India and China. The grain can be
ground into a whole meal flour. It can also be made into a thin porridge or a thick paste by

[}
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boiling in water. After removing the seed coat, the grains may be cooked like rice. The protein
is without gluten, hence sorghum flour may be mixed with wheat flour for bread making.
Some varieties called pop sorghums have small grains with hard horny endosperm towards
the periphery. These grains are prepared like popcorn and used in India. Similarly, some
sugary grains are eaten like sweet-corn.

In USA and other developed countries, the grain is chiefly used as feed for livestock.
Sorghum is widely used for brewing beer in Africa. This has a high vilamin B content but it
becomes sour rather rapidly due to the production of acetic acid.

Varieties with large juicy sweet stems are catled sargos. They contain as much as 10%
sucrose and are chewed like sugarcane or used for the manufacture of syrup from the juice.
The presence of sugar in the stem, makes the plant important as a fodder crop. The straw is
also fed to cattle. Some varieties with shortened inflorescences are used for making brooms.
The plants are harvested soon after flowering and the inflorescence is dried after removing
the seeds.

11.7.5 Breeding and Improvement

Sorghum is an extremely variable crop. There is much intercrossing and hybridization
amongst the wild and cultivated sorghums. This provides considerable scope for
improvement by selection and breeding.

A co-ordinated Sorghum Improvement Programme initiated by the Government of India in co-
ordination with the United States Department of Agriculture (USDA) and the Rockefeller
Foundation has catalogued and classified the World genetic stock of sorghum, Samples
showing major genetic diversity and breeding potential have been widely distributed both
within and outside India. A large number of improved strains have been developed chiefly
by single plant or mass-selection. Many of these represent genetic combinations with a
capacity to withsland seasonal fluctuations. Several improved varieties are now grown
extensively in different states of India. Of (hese the “Coordinated Sorghum Hybrids” CSH-1
to CSH-8 are well known. They are grown alongwith old popular varieties.

SAQ2

I. Write the botanical names of the following;
a) Rye
b) Ergot

d) Indian Qat

e) Greatmillet

2. List the features which differentiate:

a) Wheat from rye

b) Oats from other cereal grasses




c) Maiz,e from-sorghum. Cercals and Millets

Menticn (he centre of origin of:
a) Oats '

b} Sorghum

4.  Incytogenetic terms, mention;
a) One similarity and

a) Rye -
b) Oats
¢) Sorghum

11.8 BARLEY

Botanical name: Hordeum vulgare Linn. Syn. H. satlvum
Family : Poaceae

Common name : Jau, Javy

m=7

Barley is one of the oldest cereals which was cultivated by man at the dawn of civilization. It
is used as a food grain, for producing malt in the brewing of beer, and also as animal feed.

11.8.1 Origin and Distribution

This cereal grain has been closely associated with wheat. There are archeological evidences
from the famous Neolithic site of Jarmo in Iraq which suggest that this cereal may have first
been cultivated about 6500-7000 B.C. It is also believed that barley may have originated in
Abyssinia (Ethiopia) in Norih East Africa; and also in eastern Asia in the region comprising
China, Japan, Tibet and Nepal. These two regions can be referred to as centres of diversity
and the types of bar[ey growing in these regions are distinct. In the north-east African
centre, the predominant cultivated type of barley is of (he 2-rowed type. Each spike has 2
rows of grains. This is called Hordeum vuigare var. distichum (or Hordeum distichum L.) and
it is quite similar to a wild species called Hordeum spontaneum. In the eastern or Asian
Centre, (he six-rowed barley is commonly cultivated. Each spike has 6-rows ofgrams The

plant is referred to as Hordeum vulgare var.hexastichum.
3l
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11.82 Cultivation

The antiquity of barley is also shown by other evidences. Illustrations of the Reman god-
dess of agriculture -Ceres - show ears of barley plaited in her hair. Ancient Greek and Roman_
coins also depict barley. Carbonised grains from the Swiss lake dwellings as well as a jar of
grain of the six-rowed barley are amangst the oldest specimens of this cereal which are
preserved in the world museum,

Vavilov suggested that barley spread out from two centres, North Africa and East Asja. This
suggestion was based on botanical and ecological information. The actual centre of origin of
this cereal could be in the region between North West India and Abyssinia.

Barley is cultivated in the Commonwealth of Independent States (CIS; the former USSR);
other parts of Europe {particularly Germany, United Kingdom); countries bordering the
Mediterranean; USA, Canada, China, Japan and Indja. Barley has been cultivated in northem
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Although barley is basically a temperate crop, it is also grown in tropical regions. Like wheat,
barley can be grown either in Spring or in winter. Since it is not winter hardy, it is cultivated
as a spring crop in Europe while in India jt is grown as a winter crop. It grows weil in areas
havi‘ng sunny weather and moderate rainfall,

Barley can be grown in different kinds of soils and éven in alkaline conditions. Light sandy ,
loams are generally preferred, but good quality grain is produced on fertile deep loam soils g
withapHof7to0 8.

Barley is cultivated in India as a rabi crop, sown in October - November and harvested in
March - April as in the case of wheat. It may be Brown as a pure crop or mixed with other
rabi season crops, ’

11.8.3 Botany

The barley plant in its vegetative condition has a somewhat superficial resemblance to the i
wheat plant. It is an annual tufied prass growing up to about 1.2 m in height. Just as jn :
wheat, tillers are produced freely. The leaves are few with alinear-lanceolate blade. The ligule

is very prominent; the sheath is smooth and striate. The spike is cylindrical and long

bearded. It differs from wheat and rye in having 3 one flowered spikelets arranged alternately.

In the 2-rowed barley (Hordeum vulgare var, distichum) the central spikelet is fertile while

the 2 lateral spikelets at each node are sterile. Thus in a mature spike, there are 2 rows of

grains only (Fig. | 1.14). The six -rowed barley (H.vulgare var, hexastichum) has all ferijle

spikelets. Therefore, the mature spike has 6-rows of grains. A{each node there are 2 small,

11.8.3.1 Barleyisa self-pollinated crop. Non-functional anthers and genetic male sterility

have aiso been recorded in barley. Natural Crossing is very low. Hybridization of cultjvated

barleys is more difficult than in the case of wheat, All cultivated types of barley have 7 pairs
of chromosopmes.

11.8.4 TUses

is prepared from barley grains. Both ripe and unripe grains are roasted and ground into a
meal. This is then suspended in cold sweetened water and consumed as a refreshing drink in
summer. A decoction of barley, called barley water is generally preseribed as an important
diet for infants and invalids, °



Terminal awn

Central fertile spikelet

{© Glume

(a)
(b)

Fig. 11.14 : Two-rowed barley (Hordeum valgare var. distichurm). a) auricles and ligule, b) Spike
with fertile and sterile spikelets, ¢) group of three spikelets.
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Fig. 11.15: Six-rowed barley (Hordeum vaigare var. hexastichum). a) spike, b) group of three
fertile spikelets.
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Barley is alsc used in the malting and brewing industry. Malt is produced by germinating
barley grains under controlled conditions. When the radicle becomes visible, germination is
stopped by drying the grains. These grains are then dried and used as malt in brewing beer.
About 80% of the malt is used in beer manufacture. A small proportion is used in the
manufacture of industrial alcohol and distillation of whisky.

Besides being uséd as food and in malting, barley is also used as livestock feed. The young
plants are also fed green or as hay.The straw is used as a packing material or in the :
manufacture of cellulose pulp. r

11.9 TRITICALE

wheat (Triticum)} and rye {Secale).

Botanical Name: Triticale :
Syn. - Triticosecale Wittmack ‘
This is not a naturally occurring cereal; it is a man-made grain produced by cross-breeding [

Botanists first crossbred wheat and rye in 1876, The hybridization was successful, but the
hybrids were completely sterile and could not produce any grains. However, by treating the
seedlings of the wheat rye hybrid with colchicine, the plants became fertile and produced
grains. This led to the setting up of the first Triticale breeding programme in Sweden. By
1950°s many countries around the world becate interested in producing this man-made
cereal. It has a high nutritional content because it contains more usable protein than either
wheat or rye. The grains are larger (han wheat but less abundant on the spike.

The hybrid Triticale plant resembles wheat with long narrow leaves. The terminal spike has
many spikelets, each with 3 to § grains. The plants are more winter hardy than wheat and can
be grown in cold climates and in poor soils. They are more, resistant to rust and have lower
tendency to lodging when compared with wheat. The yield is higher than rye.

Triticale is used mainly as an animal feed and pasture crop. Research is being promoted in
many countries to improve the quality of the grain so that it can be used for human
consumption, and in the bread and cake industry. The grains can also be used for malting.

Fertjle Triticale hybrids can be produced by crossing hexaploid wheat (Triticum aestivint)
with diploid.rye (Secale cereale) and doubling the chromosome number. The fertile plants are
octaploid with 2n = 8x = 56 chromnosomes. However, hexaploid hybrids produced by crossing
tetraploid durum wheat (Triticum durum) with diploid rye and subsequent doubling of
chromosomes have become more popular.

Durum Wheat i Rye
AABB (2n =28) X RR (2n= 14)

Sterile hybrid

ABR(2n=21)
Colchicine treatment
Fertile hexaploid hybrid -
AABBRR (2n=42) P

SAQ3

I. . Mention the main difference between Hordeum vulgare var. distichum and Hordewum
vulgare var. hexastichum,

[ITTRITY, PR



Name the two centres suggested by Vavilov from where barley spread. -

In what ways does the inflorescence of barley differ from that of wheat or rye.

How is malt produced?

5.  Howdid Triticale become an important man-made cereal?

11.10 SUMMARY

Amongst the food plants, cereals are the most important as sjaple diet. It has been possible
to correlate the close association of cereals with human civilization and the development of
agriculture. Wheat, rice and maize have become the most important sources of food. Besides
these, barley, oats and rye are the other true cereals. Some small- grained members of the
grass family are also edible. These are called millets.

Besides being used as food, these plants are of importance for industrial purposes and as
fodder for livestock.

Cereals and Millets
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Wheat is probably the oldest crop known in cultivation. The modem cultivated wheat has
been shown to be a hexaploid which arose through Hybridization. The origin and evolution
of the common bread wheat has been documented through cytogenetical studies.

Concerted efforts to improve the quality of the grain and increase production have
established several important landmarks in the breeding and improvement of this plant.
Numerous uses of wheat plant have been listed. .

In the new world cereal, maize ranks second after wheat in terms of grains production. The

interesting archeological discoveries together with genetic studies and other evidences help
you to know about the different views on the origin of maize. The structure of the grains,
which is genetically controlled, is used to classify different kinds of maize. Although maize is
also a typical grass, it differs from wheat in having separate male and female inflorescences.
Hybrid maize has become the most important achievement of plant breeders. Maize is used as
human food, as feed for livestock, and as raw material for many industrial purposes.

Details about rice cultivation, botany, and uses have been provided. Information about rice
breeding and the biotechnology of rice have also been mentioned.

Rye, barley and oats, the three other cereal crops have been also dealt with.

The great millet or Jowar, Sorghum vulgare is an important crop of the tropical regions. The
interesting aspects of its origin have been elaborated. This plant, although not a true cereal,
is of great importance. It has a superficial resemblance to the maize plant in its vegetative
state. It bears a terminai paniculate inflorescence like rice afid its grain is used in many ways.
This crop has also been subjected to breeding and improvement studies. Finally, information
has been provided about 7riticale, the grain of the future, :

11.11 TERMINAL QUESTIONS

1. Write an account of the cultivation of rice or wheat in India. Indicate the soil and
climatic conditions which favour higher yields. Mention the various uses of the crop
you select.

2

Prepare 4 detailed account of the origin, cultivation, improvement and uses of maize.

T
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What are cereals? Discuss the importance of cereals in{a) human diet, and(b)promoting
civilization. Name the important cereals and their centres of origin. Write a general

account of the botany of the cereal plants.

11.12 ANSWERS

Self-Assessment Questions

SAQ1

L.
2

Wheat, rice, maize, barley, oats and rye.

Millets are grasses like the cereals but they produce small grains and are important
source of food.

Pseudocereals are unrelated dicotyledonous plants whose seeds are used in the same
way as the cereals.

(@) Wheat originated in the Old World in a number of centres of genetic diversity. The
diploid wheats originated in Asia minor; the tetraploid wheats in North Africa; and
the hexaploid wheats in-Central Asia.

(b) Maize originated in the New World. The region from Gautemala to Southern Mexico
is beliéved to be the centre of origin of maize.

(c) Rice originated in South East Asia.

(a} CIMMYT =Centro Intemational de mejor-amiento de Maizy Trigo
OR

International Maize and Wheat Improvement Centre

(b) TRRI- International Rice Research Institute
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6.
7.

{c) CRRI- Central Rice Research Institute

(a) N.IVavilov was an outstanding Russian scientist. He was a pioneer in the field of
plant exploration. He carried out investigations in crop geography and genetics.
By sending expeditions all over the world, he made extensive coliections of

cultivated plants and their wild relatives. Vavilov made valpable suggestions on the

centres of origin, of diversity and distribution of various cultivated plants. These
suggestions were based on a comparative evaluation of different kinds of
evidences. Besides the morphology of the piants, he also used information from
anatomy, cytology, genetics, distribution and pathological responses.

{(b) Manglesdorf was a well-known maize scientist. He proposed the hypothesis that

maize originated in America. This was supported by other scientists. Manglesdorf

undertook detailed studies on primitive types of maize to find out a cytogenetic
basis for understanding the origin of maize. He has written extensively on various
aspects of maize and his book “Com, its Origin, Evolution and Improvement"
provides interesting details about this New World Cereal.

{c) George H. Shull was a plant breeder who undertook detailed breeding studies of
maize. He is called the “Father of Hybrid Com”, He used methods of controlled

pollination to produce many inbred lines of maize. Then he crossed the inbredlines
and produced hybrid maize which had a very high vigour. This revolutionized maize

cuitivation leading to production of large quantities of selected maize varieties.
Sec 11.2.1- Origin and Distribution of Wheat,
-Refer to the Table under 11.4.2 - Kinds ofrice.

SAQ2

2

(@) Rye- Secale cereale Linn.
(b) Ergot - Claviceps purpurea
(c) Common oat-A ver.ra sativa Linn,
(d) Indian oat - 4vena byzantina C. Koch.
(¢) Greatmillet- Sorghum bicolor (Linn.) Moench.
(&) Rye is distinguished from wheat by
() its narrow, subulate one-nerved glumes;
i) its flowers open;
(i) being a cold-weather crop,;
(iv)  being least exacting in its soil requirement;
v) capable of growing in poor soils which are unproductive for other cerals.
(b) Oats can be distinguished from other cereal grasses by the following features:
()  The plant has a bluish appearance;
(i) The leaves do not have auricles at the base;

(i} The inflorescence is an open spreading panicle bearing large pendulous
spikelets;

(iv) . Therd are about 40-50 spikelets in each inflorescence;

(v}  The majority of the spikelets contain 2 seeds

(vi)  Each seed is enclosed in a husk

{vii} They have a higher food value than any other cereal grain.

(¢} Maize isa true cereal while sorghum is a millet. The maize grains are large, the
sorghum grains are small. The two grasses show a superficial resemblance in the

vegetalive condition, but at the time of flowering, they are distinct. in sorghum the

i
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inflorescence is a terminal panicle. This may be contracted thus forming a compact
head or it may be a loose pendant panicle. The branches bear paired spikelets in a
‘racemose manner. One spikelet is pedicellate and has male or sterile florets. The
other spikelet is sessile and bears bisexual florets. This inflorescence is thus totally
different from the terminal male tassel and the female cobs of maize.

3. (a) Oats- Persia
(b) Sorghum - North East Africa. _
4. (2) Common cultivated wheat and cultivated oats are both hexaploids with 2n = 42
chromosomes. In both wheat and oats- there are diploids (2n = 14), tetraploids (2n
=28) and hexaploid species (2n= 42).

" (b) There are sterility barriers between diploid, tetraploid and hexaploid species of
oats. These do not exist in the wheats. Thus, it is not-possible to derive the origin
of the cultivated hexaploid oats as in the case of wheat.

5. (a) Rye-Seell.d.

(b) Oars-Seeil.6.4
{c) Sorghum-Seell.74

SAQ3

. Hordeum vulgare var. distichum or the 2-rowed barley has 2 rows of grains in each’
spike.

Hordeum vulgare var. hexastichum or the g6-rowed barley has 6 rows of grains in each
spike.

2 (D) North Africa
(i) East Asia.

3. The inflorescence of barley has 3 one-flowered spikelets on 2 sides of the flattened
rachis, arranged alternately. The terminal inflorescence is a cylindrical spike which is
long bearded.

4. Maltis produced by germinating barley grains under controlled conditions. When the
radicle becomes visible, germination is stopped by drying the grains. These are dried
and used as malt. Several enzymes bring about chemical changes in the grain during
the process of malting.

Triticale became an important man-made cereal when the drug colchicine was
discovered to prevent spindle formation during cell division so as to double the
number of chromosomes. This made the sterile hybrids fertile and they thus produced
grains.

These grains have a higher nutritional value because they contain more usable.proteins
than either wheat or rye.

Terminal Questions

1. ForRice:Refertol1.4
For Wheat : Referto 11.2

2. Refertol13

3 Referto 11.3.2and 11.3.3 (for maize) as well as 11.7.2 and 11.7.3 (for sorghum}

4, a) 11.4.4lastparagraph
b) 11.84 |

5  Prepare your answer by referring to the introduction (11.1) as well as to the different

cereal grains discussed in this unit.
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UNIT 12 LEGUMES (PULSES)
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12.1 INTRODUCTION

Food is 2 basic necessity of life as it supplies the nutrients that the body needs for
producing energy; building and repairing tissues; and regulating body processes. The body

Legumes are consumed as green vegetables, as green shelled seeds, or as dry seeds. The dry -
seeds of legumes are commonly called pulses; they are also tdrmed as grain legumes or

This unit gives you detailed information on the widely consumed legumes in our country:
these are groundnut, gram, pea and soybean. Besides these, information on some pulse
crops of India will add to your knoiv]edge.



Objectives Legumes (Pulses)
After studying this unit you should be able to:

®  prepare detailed accounts that includes information on origin and distribution,
ecological conditions, identification features, uses, and improvements made, of the
widely consumed legumes in our country;

®  prepare brief account of some lesser used legumes; and

® cxplainthe importance of legumes to man. ’

12.2 LEGUMES - AN OVERVIEW

The family Fabaceae is a large family of flowering plants. You shall find a detailed taxonomic
account of this family in Unit 21, Block 4 of this course. The term legume in the botanical
sense refers to the entire plant as well as to the fruit which is a simple, dry, dehiscent pod.
All the cultivated legumes consumed as food are classified in the subfamily Papilionatae
(also called Papilionoideae, or Faboideae, or Lotiodeae). The different pulse crops of this
group are classified in three tribes - the Vicieae, the Hedysareae, and the Phaseoleae. Pulses
such as lentil (Lens esculenta), Pea (Pisum sativum), gram (Cicer arietinum), broad bean
(Vicia faba) and others are members of the tribe Vicieae. The most common legume which is
also an important oilseed crop is groundnut (drachis hypogaea). 1t is a member of the tribe
Hedysareae. Other legumes such as the soybean (Glycine max), cowpea (Vigna
ungm'cu!ara); pigeon pea {Cajanus cajan), the green gram or mung (Phaseolus aureus),
black gram or urd (Phaseolus mungo) are classified in the tribe Phaseoleae.

Legumes are cuitivated all over the world and India is the world's single largest producer of
pulses. The very fact that a wide variety of pulses grow in India all around the year that .
makes these plants important in the agricultural economy of the country. The Directorate of
Pulse Development of the Ministry of Agriculture, Government of India recognises the
following as the major pulse crops (see Table 12.1). :

Table 12.1: The major Pulse crops of our couniry.

Botanical Name Name in English Name in Hindi
Cicer arietinum Chick peaor Channa
Bengal gram
Cajanus cajan Pigeon pea Arhar or Tur
Dolichos uniflorus Horse gram Kulthi
Lathyrus sativus Chickling vetch or Khesari
Or grass pea dal
Lens esculenta Lentil Masur
Phaseolus aureus Green or golden gram Mung
Phaseolus mungo Black gram Urd
Pisum sativum Pea Matar

The major legume/pulse producing states are Rajasthan, Madhya Pradesh, Uttar Pradesh,
Orissa, Andhra Pradesh, Tamil Nadu, and West Bangat. Chick pea and pigeon pea are the
two most important pulse crops cultivated in about 45% of the total area under legume
cultivation. The remaining 55% of the area is used for cultivating all the other pulses,
Chickpea and pigeon pea together provide about 55% of the total pulses produced in the
country.

Besides India, pulses are also grown in different parts of the tropics and subtropics. The
major pulses growing countries other than India are China, Brazil, Mexico, Nigeria and
Turkey. Europe, America and Africa grow small quantities of legume crops for consumption
~ as pulses. The groundnut and soybean which are legumes but rich in fatty oils, are generally
classified as oilseeds and are usually not treated as pulses.
4]
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Although the legumes are important sources of proteins and oils many of them also conlain
toxic substances. Fortunately most of these loxic substances are detoxified during cocking
or by just pre-soaking the seeds in cold or warm water. Howcver, two legumes are known to
canse diseases in humans. The grass pea or chickling vetch or khesari dal (Lathiyrus sativus)
contains a neurctoxin and an osteotoxin which bring about crippling or paralysis of the
lower limbs. This is called lathyrism and is caused by prolonged consumption of khesari dal.
Similarly the broad bean or Bakla (Vieia faba) causes an acute anaemic condition called
favism. It is caused by eating uncooked or partially cooked seeds or by inhaling the pollen
of the plant. Interestingly, this disease affects only the males and is common in the
Mediterranean region.

To sum up, legumes or pulse crops are very important plants. They are valued for their
nitrogen fixing property, high protein content, easy cultivation and rapid growth, easy
starage and transporiation. They enrich the soil, provide food for man and serve as excellent
green fodder and feed for livestock.

12,3 GROUNDNUT

Botanical Name : Arachis hypogaea

Family : Fabaceae

Common Names : Peanut, Monkeynut, Mungphali
n=20

Although this interesting plant is called groundnut or peanut, its fruit is not a true nut (see
Unit I3 - Fruits and Nuts), but is a pod or legume which is geocarpic. A geocarpic fruit
develops in the 50il, below the surface of the ground. The Swedish naturalist Carolus
Linneaus gave the botanical name Arachis Aiypogaea to this plant because the fruit is
actually a legume (Arachis means legume) and it shows underground development
(hypogaea means below ground). This interesting [egume is a rich source of fat and protein,
besides starch and other substances. In addition to India, this plant is also extensively
cultivated in the tropical, subtropical and warm temperate regions of the world.

Origin and Distribution

The groundnut is believed to have originated in South America. According to Vavilov, this
plant was first domesticated in the Brazilian-Paraguayan region. The area of the valleys of
Paraguay and Parana rivers is the most likely centre of origin of this legume. No wild plants
of this important crop have been found. But several other species grow in the wild and all of
them produce geocarpic fruits. Excavations in coastal Peru dating back to 800 BC show that
the groundnut was widely cultivated. From South America, this legume spread to other parts
of the world. It was commonly found in the West Indies but not in the United States in Pre-
Columbian times. Groundnuts were introduced to the Old World in the 16th century when
the Portuguese took the seeds from America to Africa. From West Africa, the Spaniards
introduced them into the Philippines. They then spread it to China, India, Japan, Malaysia
and other parts of the world.

India is the largest producer of groundnuts, but very little of the crop enters the world
market. The demand for the groundnut oil in India is greater than the quantities produced.
This crop is grown chiefly in Andhra Pradesh, Tamil Nadu, Kamnataka, Uttar Pradesh, Punjab,
Rajasthan and Gujarat. The states of Bihar, West Bengal and Madhya Pradesh also produce

" groundnuts.

Besides India, the other important groundnut growing regions of the world are China, United
States of America, South Africa, Sudan, Nigeria, Indonesia, Burma, Argentina, and Thailand.
Nigeria is the largest exporter of groundnuts to the European nations.

Ecology

Groundnut is a warm season crop and requires abundant sunshine for nermal development.
Itis badly affected by frost. The crop grows best on well-drained, loose, friable sandy loams
contatning calcium and organic matter. You may recall that groundnut is of great value in crop
rotation. It is rotated with several crops and is also intercropped with cotton and pearl millet
or bajra.
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In India, groundnut is grown as a rainfed ‘Kharif® crop, sown from April to July. [t matures in
4 10 6 months and the crop is harvested when the lower leaves turn yellow. The entire plant
is uprooted and the pods are removed mostly by hand. The fresh pods are thoroughly dried
in the sun before they are packed and stored. The crop is commercially grown from seed.

Botany

The groundnut plant (Fig. 12.1 a-e) is a herbaceous anpual which may be erect or trailing and
growing 15-60 cm in height. In thererect type also called bunch type, the branches are
produced close to each other. The pods are produced in bunches or clusters near the base
of the plant. Each pod (Fig. 12.1 b, €) is small or of medium size and has one, two or more
small, rounded seeds. In the trailing or runner type plants, the branches (or runners) are
prostrate and spread on the ground. The pods are produced along the entire length of the
branches and no bunch is formed. The pods are thus spread out in the soil. The pods are of
medium or large size having 1-3 or more oval seeds. The shells of these pods are
comparatively thick,

Fig. 12.1{a—¢) : Arachis hypogaea, Groundnut. ) A part of twig showing leaves. b) Basal portion of
- the plant showing a flower, and fruits at various stages of development. ¢ A
flower d) A flower in longitudinal section. €) A young fruit. (Redrawn from

Purseglove, 1988).

Legumes (Pulses)
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The plant has a well-developed tap root with many lateral roots (Fig. 12.1 b). Adventituous
roots also develop from the hypocoty] and the spreading branches. No root hairs are
present. The roots contain colonies of RAizobium.

The main stem is profusely branched. Branching is dimorphic. The vegetative branches are
monopodial. The flowering or reproductive branches are reduced. Young stems are angular
with a completely filled pith; older stems are cylindrical and hollow in the pith region. The
leaves are spirally arranged. Each leaf is compound with two opposite pairs of obovate
leaflets (Fig. 12.1 a). The prominent linear stipules are adnate to the petiole for about half
their length.

The flowers (Fig. 12.1 b,c,d) are yellow and sessite. They develop singly or in compressed
spikes containing 2 to 4 flowers. These arise in the axils of foliage leaves on the reproductive
branches. The flower has a typical papilionaceous organisation (see family Fabaceae, Unit
21). The calyx is made up of 5 fused sepals. This rube is often mistaken as the pedicel of the

Jlower (Fig. 12.1 d). Atthe top of the calyx tube is present the papilionaceous corolla and the -

staminal tube. There are 5 yellow petals and 10 stamens in a monadelphous condition. Of the
10 stamens, 2 are sterile, 4 have large anthers and 4 small anthers. The ovary is ‘
monocarpellary with 1-6 ovules on marginal placenta. The ovary is superior and the style is
long and filiform.

The fruit is a legume or pod (Fig- 12.1 b,e). 1t's development inside the soil is a very
interesting feature. Afier fertilisation, the fruit first appears at the tip of a pointed st1alk-like
structure. This carpophore or peg elongates-due to the active cell division of an intercalary
meristem present at the base of the ovary. The peg becomes positively geotropic, elongates
and penetrates up to a certain depth in the soil. The conical tip becomeg lignified and forms a
proteclive cap. The peg then loses its geotropism and the pod or legume develops
horizontally. The fruit matures rapidly. The mature fruit is a structurally dehiscent but
functionally indehiscent legume. This oblong pod has 1-3 (sometimes more) seeds. The dry
pericarp of the mature ped is a fibrous structure showing a reticulate pattern on the surface.
This constitutes 20-30% of the weight of the mature fruit, The parenchymatous endocarp
surrounds the developing seeds and it forms a papery lining of the shell in the mature fruit,
The seeds vary in size, shape and colour of the testa or seed coat. This papery covering or
skin of the seed may be white, pink, red, purple or of shades of brown. There is no
endosperm and the embryo consists of two massive cotyledons, a large radicle and the
plumule. The fleshy white cotyledons are rich in non-drying oil and protein. They also

contain starch and are rich in phosphorus and vitamins especially thiamine, niacin, and
riboflavin,

Uses

Groundnuls are an important source of vegetable oils. This,is grown as an oilseed crop
because about 45% of the seed weight is made up by the fatty oil present in the cotyledons.
This non-drying oil is edible and is used in cooking, in the manufacture of margarine, soap
and lubricants. The oil can be hydrogenated to make vegetable ghee or vanaspati. The oil
cake obtained after removal of oil from the seeds, is rich in protein. It is used as livestock
feed or as a fertiliser. Good quality oil cake can be ground into flour and used as a protein
rich foQ‘d supplement for human consumption,

Groundniuts are also used for the manufacture of peanut butter. The seeds are cleaned, the
testa and embryo are removed and the large white cotyledons are roasted. When these are
ground, a thick butter-like substance is obtained. This is sold as peanut butter.

The seeds of groundnut have a very high calorific value, When eaten in raw, roasted, salted
or sweetened form, they produce large amounts of energy in the human body. Due to this
the biologital value of groundnuts is among the highest of the vegelable proteins. In many
parts of the world, groundnuts are consumed during winter to keep the body warm.

Technological advancements have led to the manufacture of a synthelic textile fibre from
peanutprotein, This is a cream coloured wool-like fibre called adril. The fibrous shell ofthe
pod is used as a fuel or in (he manufacture of a particle-board.

Improvement

There are always attempts to improve economically important plants for better yield, better
quality, disease and pest resistance. In the case of groundnul, (his is a very difficult task.
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The crop is an inbreeder with self-pollination bemg the rule. Attempts have been made to Legumes (Pulses)
achieve success in cross-pollination, but this s a very difficult and time consuging process,

Anthesis (flowzr opening) and pollination take place at sunrise and the flowers wither within

5-6 hours after opening. There is also a tendency to cleistogamy. Another important factor

is the fact that individual plants produce few seeds. This leads to poor recovery of improved

types of seeds.

Selection for adaptation to local conditions, drought resistance, high oil and prolein content,
suitability for mechanical harvesting, is thus, a continuous process in the improvement of
this important agricultural produce.

124 GRAM

Botanical Name: Cicer arletinum

Family : Fabaceae-

Common Names : Chick-pez, Chana, or Bengal gram.
n=8

This is one of the oldest pulse crops known and cultivated in Asia and Europe since ancient.
times. Archeological findings reveal that gram was cultivated in Turkey as early as 5450 B.C.
It has also been found in prehistoric sites in Palestine and the Mediterrannean region. Today
itis a very important grain legume occupying the Znd position in area after pigeon pea, Itis
the 3rd important pulse crop of the world in terms of production, and the most important
pulse crop of India. An interesting aspect of its botanical (scientific or Latin) name is the
comparison of the seed to the héad of a ‘ram’ {male sheep). In the roman language *cicer’
refers to the head of a ‘ram’ and ‘aries’ means ‘ram’. Thus the botanical name Cicer
arietinum is based on the appearance of the seed of this plant.

Origin and Distribution

Gram, like many other important pulses, is not known in a wild state and has been recorded
only in cultivation. It is believed to have originated in western Asia — in the area lying
between the Caucasus and the Himalayan mountains. From here it spread to southem
Europe, Iran, Egypt and India. The plant has also been introduced into tropical America,
Africa and Australia. The areas of maximum production are in India and the middle East.
About 70% of the total produce is obtained from India. Other countries which are important
for cultivating the chick pea include Pakistan, Ethiopia, Turkey and Morocco. In [ndia, the
crop is grown in Uttar Pradesh, Punjab, Bihar, Madhya Pradesh, Rajasthan, Haryana, and
Maharashtra.

Ecology

Gram is a drought resistant winter (rabi) crop and requires a cool dry climate. It grows best
on well aerated soils of alluvial origin. The seeds are planted in Qctober after the monsoon
rains are over and the crop matures in March. It is adapted to arid and semi-arid regions. It
can be grown as a mixed crop with jawar, wheat, barley, linseed, mustard or pea,

Botany

Cicer arietinum (Fig. 12.2, a-f) is a herbaceous annual. The plant may be erect or spreading
and is profusely branched. It grows to a height of 25-50 cm only. All paris of the plant are
covered with clavate glandular hairs. These glands secrete compeounds such as oxalic and
malic acids. These secretions impart a sour taste to the leaves and fruits. The secretions can
be collected by covering the plant at night with a cloth. The acids oblained are used in
medicine for intestinal disorders.

The root system is extensive and large nodules containing bacterial coloniés are formed on
the lateral roots. These assist in atmospheric nitrogen fixation. The leaves are stiputate and
imparipinnate with 9-15 pairs of leaflets with serrate margins. They are yellowish-green to
dark bluish-green.

The flowers (see one flower in Fig. 12.2 c) are solitary and axilliary. They vary in colour from
while to pink and are small. The pedicel is jointed and the flower droops in the bud stage.
Each flower shows the typical papilionaceous organisation (Fig. 12.2 ¢). The stamens are

45

TR




Economic Botany

46

diadelphous showing the typical (9) + | arrangement (Fig. 12.2 d). All anthers are of the same
size. The monocarpellary gynoecium has a sessile ovary with an incurved style and a
terminal sligma.

The pod or legume is small and inflated or swollen. Each pod has an obliquely placed beak
and contains only one or two seeds. The seeds are angular with a pointed beak and small
hilum at the anterior end. The seed coat may be smooth, wrinkled or rough. It varies in
colour from white, yellow, red, brown or nearly black. Each seed contains 2 thick,yellowish
cotyledons. -

Fig. 12.2 (a-1): Cicer arietinum, Chick-pes. )} Leafy shoot. b) A leaf. c) A flower, d) A flower
whose sepals and petals are removed to show the stamens and pistil. e) Pods.
f) Seeds in different views. (From Purseglove, 1988),

Uses

Gram or Chick pea is the most important pulse of India. The seed is consumed in the fresh
green stage as a vegetable or in the dried stage as a pulse. The seed can be split and the
husk removed to form ‘dhal’. The seeds or the split cotyledons can be eaten roasted,
parched, boiled or cooked with spices. Flour (baisin) is made by grinding the split
cotyledons. This is used in many ways for making various kinds of confectionery. Young
green leaves are also cooked as a leafy vegetable. The acrid secretions from the glandular
hairs can be collected and used in making medicine and vinegar. The importance of growing
gram in crop rotation or as a mixed crop is well-known because of its atmospheric nitrogen
fixing capability. '

12.5 PEA

Botanical name: Pisum sativum

Family: Fabaceae

Commonnames : Garden Pea, Field Pea, Matar
n=7

Most students of biology are familiar with the pea plant through their studies in genetics.
Yes, it is on the pea plant, that Gregor Mendel conducted his experiments which led to the
formulation of the famous Mendel’s laws of inheritance. Thus you are aware of the tall and




the dwarf pea plants; the red and the white flowered forms; the round and the wrinkled
seeds, the green and the yellow seeds of pea and several other opposite pairs of characters.

The pea is one of the more important seed legumes. The fresh green seeds are consumed as
a vegetable, or they may be frozen or canned for later use. The ripe dried seeds are used as
apulse.

Origin and Distribution

As in the case of many other widely cultivated plants, Pisum sativim has not been found as
a wild plant. It has been known in cultivation since ancient times. Excavations of Neolithic
sites dating as far back as 7500-6500 B.C. have shown carbonised pea seeds. These were
first discovered in the near east in Jarmo and other sites. Later similiar findings were made

from other Neolitic sites in Europe. The Russian Botanist, Vavilov suggested that the garden

pea may have originated in Ethiopia, or the Mediterranean and Central Asia with a centre of
diversity in the Near East. On the other hand (he Frenck Botanist De Candolie was of the
view that “this species seems to have existed in western Asia from the South of Caucasus to
Persia before it was cultivated”. Interestingly, wild planis of Pisum arvense which is closely
related to Pisum sativum occur in Russia, An important observation about Pisum is that all
the species are self pollinating diploids and they intercross freely. Thus the actual origin of
the cultivated garden pea has not been established. The plant has been cultivated since the
Greek and Roman times. It was probably domesticated in central or western Asia and it later
spread to other parts of the world.

The crop is cultivated extensively in countries having a cool climate especially in the
Northern Hemisphere. Europe, United States of America, Canada, China, Ethiopia, India and
Japan are the major producers of pea. In India, Uttar Pradesh, Bihar, Madhya Pradesh,
Maharashtra, Punjab, Himachal Pradesh, and Orissa are important pea growing states.

Ecology

The pea plant grows in cool, relatively humid climates, Therefore, it is Brown as a winter crop
in the plains and as a summer crop in the hill$ in India. Its most important requirement is
fertile soil and a pH range between 5.5 10 6.5. The seed setting is greatly reduced in hot dry
weather, The best yield is obtained when the crop is grown in loam or clayey loam soils. Pea
is usually sown as an intercrop.

Kinds of Peas

Two kinds of peas are usually recognised. These two kinds are completely cross-fertile.
Some taxonomists consider these two kinds as separate species on the basis of their morpho-
logical characters. Other taxonomists suggest that the two kinds of peas be recognised as

- subspecies only. These are: a) Pisum sativim sub Sp. hortense (= Pisum hortense). Its
Common name is garden pea. It is a robust plant, less hardy and usually grown for green
pods. It has stipules without a red spot and white flowers. The pods are large and the seeds
are round, soft and sweet. b) Pisum sativum sub 5p. arvense (= Pisum arvense); its comnion
name is field pea. It is a sprawling plant, very hardy and is usually grown for the dried seeds,
It has stipules with a red spot and coloured flowers, that are usuaily purplish. The pods are
small, and the seeds are angular.

Botany

The pea plant (Fig. 12.3, a-d)is an annual herbaceous climber. ltmay be a dwarf of only 10-15
cm height or a tall plant growing upto a height of 1.5 meters. The stem is hollow and the
branches form a bush or a vine climbing by branched tendrils. The tap root is well-
developed and the lateral roots have root nodules. The leaves are pinnately compound and
have 1-3 pairs of leaflets (Fig. 12.3 a). Each leaf terminates in a branched tendril, There are
large leaflike stipules at the base of each leaf. ‘The flowers are axillary, either solitary or in 2-3
flowered racemes. They are white or coloured, usually pink or purple. The flowers show a
typical papilionaceous organisation (Fig. 12.3 b), and are usually self-pollinated. The fruit or
pod is a legume with 2-10 seeds (Fig. 12.3 a,d). The pods may be swollen or compressed,
straight or slightly curved (Fig. 12.3 d). The seeds are highly nutritious having about 7.5%
protein, 16% carbohydrates and different minerals such as iron, sulphur and phosphorus.
Vitamins A,B, and C are also present in varied amounts,

Legumes (Pulses)
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Fig.12.3 (a-d): Pisum sativim Pea. a) A flowering twig. b) A flawer. c) A flower cut longitudi- |
nally. d} A young, opened pod. (From Purseglove, 1988). :

Uses

The fresh green seeds are cooked and eaten as a vegetable. They are also important in !
making rice and pea pullac. They may also be frozen and canned for subsequent use. The

mature dried seeds may be consumed whole, split or used in the form of flour. Pea soup may

also be prepared from mature dried seeds. The green plants can be used as fodder for cattle
while the dead plants are ploughed into the soil to increase its fertility.

12.6 . SOYBEAN

Botanical ai_ﬂ‘rﬁe t Glycine max

Family : Fabaceae _
Common names : Soybean, Bhat, Ramkurthi
n=20

This ancient oriental legume has become a very important source of oil and protein, besides
being used as an animal feed. In the last 30 years or so, interest in this plant has grown
rapidly after the recognition of its potential as a ‘wonder bean’,

Origin and Distribution

The soybean originated in China. It is perhaps the oldest crop cultivated in the Orient. Food
products prepared from the seeds have been important in the diet of the people for centuries.
The cultivated soybean - Glycine max is not found in the wild state. It is believed to have
arisen from Glycine soja (also called Glycine ussurjensis). This slender, prostrate, twining
legume occurs wild in many paris of Eastern Asia. Another wild species, G. tomentelia (or
G. tomentosa) could have contributed to the origin and evolution of the cultivated G. max by
hybridising with G, soja.

After the World War 11, the United States of America has become the leading producer of
soybean. China now ranks second in production, followed by Brazil. Other soybean
growing areas include Indonesia, Mexico, Russia, Korea, Japan, Argentina, Columbia and
India.
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Soybean was introduced into India in about 1880, but it is only in recent times its cuitiyation
has started on large scale. It can be grown successfully all over the country. Itis cultivated
commercially in Assam, Uttar Pradesh, Himachal Pradesh, Nagaland, Manipur, Madhya
Pradesh, Maharashtra and Gujarat.

Ecolopgy

Soybean is a subtropical plant, but its cultivation extends from the tropics to temperate .
regions. The general climatic requirements of this legume are very similiar or almost identical
to those of maize (see Unit |1, Cereals and Millets). The crop is generally grown in arcas
where the summer is hot and rather damp. An evenly distributed rainfall during the growing
period and more or less dry weather during seed ripening are necessary. Soybean can grow
on different kinds of soil, but fertile soils with high caicium content are considered to be the

‘best. It requires a specific strain of the bacterium, Rhizobium japonicum, for nitrogen

fixation. This must be inoculated into the soil if soybean is to be introduced into a new area.

The soybean is a short day plant. The period for maturity of the crop varies from 75-200
days depending on the variety sown and the adaptation to particular latitudes. The crop is
raised from seed and may be harvested manually or with the help of combines.

Botany

The soybean plant (parts shown in Fig. 12.4, a-¢) is an erect, much branched, annual herb
covered with grey hairs. The plants may be creepers or twiners in some varieties and this
type of habit increases in the shade. The tap root system is well developed with maximum
spread in the top 30-60 cm of the soil. Small spherical nodules are present. The erect stem
may grow 50 cm to 180 cm in height depending on the variety. This as well as the density of
planting also determines the extent of branching. The leaves are large, hairy, alternate,
stipulate and have a long petiole. Each compound leaf is usually trifoliate (sometimes 5-
foliate). The leaflets are ovate to lanceolate (Fig. 12.4 a) and have short pointed stipules at
the base. Tn many cultivars, the leaves drop when the pods begin 1o mature.

The inflorescences are short, axillary racemes having 3-15 flowers. A large number of flowers
do not form fruits and drop off. The flowers are small and vary in colour from nrearly white to
deep purple. The pods arise in clusters and are hairy. Each pod is usually compressed and
slightly curved. The seeds are small, globose with small hilum. Generally 2-3 seeds (some-
times 1-5} develop in each pod. The colour of the seeds varies from creamy white to vellow,
various shades of grey and brown or combination of these colours.

Uses

The high protein 2nd oil content, makes soybean one of the most valuable legumes. There
are various uses of this important plant, Soybeans are grown mainly as a food crop in China,
Japan and other South East Astan Countries. The unripe seeds are eaten as a vegetable.
The mature dried seeds are eatcn whole, split or sprouted like chick pea or gram. The mature
seeds may also be ground into flour and mixed with other flours to make bread, chapatis and .
other baking products. The high protein and low carbohydrate content of soybean flour
complements cereal grain Aour to provide a balanced nourishing diet. Whole seeds can be
eaten after boiling, baking or roasting them. They can be processed to make soya milk or
soybean milk. This is a vaiuable protein supplement for preparing infant food, curds and
cheese. A very tasty soyasauce is made by fermenting cooked seeds with wheat flour and
salt using the fungus Aspergifius oryzae.

The seeds are also an important source of fat. A semi-drying edible oil extracted from them is
widely used. Besides its use in the food industry, the oil also goes in the manufacture of
soaps, printing inks, lubricants, greases, and other industrial products. 1t is also mixed with
other drying oils in the paint and varnish industry.

The whole plant can be used as a forage or fodder and as green manure. The oil cake
obtained after the extraction of oil is a rich protein source for cattle and livestock feed.
Synthetic fibre can also be manufactured from this protein. Thus this important leguminous
plant has numerous uses,

Legumes (Pulses)
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Fig. 12.4 (ad): Glycine max, Soybean. a) A lesf. b) A flower as seen from below. ¢) A flower cut
in longitudinal section. d} A pod. e) A seed. (From Purseglove, 1988) .

SAQ1
1. Whatisa legume?

2 Why are legumes important in crop rotation?

3. Name:

b) the legume which causes lathyrism.
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4, Whatis favism? How is it caused? Legumes (Pulses)

5. Write the botanical name and common English name of:
a) One legume classified in the Tribe Hedysareae.

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

7. Write the centre of origin of the following legumes.
a) Arachis hypogaea
b} Cicer arietinum
) Pisum sativum

d) Glycine max

8 Name two legumes which are rich sources of oil.

12.7 COWPEA

Botanicalnames:i)  Vigna unguiculaia- Catjang cowpea

ity Vignasinensis - Common cowpea

iii) Vignasesquipedalis - Yardlong COWpEa Or asparagus pea’
Family : Fabaceae

Common rames : Cowpea, Lobia, Chowli
n=11

There is no agreement on the laxonomy of this important pulse crop of the tropics and
subtropics. Many botanists consider the different cultivated forms of cowpea as distinct
varieties because they can cross freely and there is free-gene flow. They are then all
classified under the species Vigna unguiculata as different varieties;

51

T TIRIIRI Y




Economic Bolany,

52

a) V. unguiculala var. unguicuiatu
b) V. unguiculata var. sinensis
c} V. unguiculata var. sesquipedalis

Origin and Distribution

Cowpea is an important pulse crop cultivated since ancient times in A frica and Asia. There
are references to this pulse crop in ancient Sanskrit literature also. In Africa this legume is
widespread both in the wild state as well as in cultivation. It is believed that the cultivated
varieties orginated from wild types in central Africa. According to Vavilov cowpea may have
originated in India and spread to other parts of the world. Cultivated cowpeas are now
common in many tropical and subtropical regions. The main cowpea producing countries are

Nigeria, Uganda, United Siates of America, india, China, the Mediterranean region, 8. Africa,
and Australia.

Ecology

This pulse crop can be grown under different environmental conditions. 1t is a warm weather
and drought resistant crop and can be grown in regions having low rainfall. Tt can withstand
heat better than most other legume crops. Cowpeas can be grown on a wide variety of soils
having adequate drainage. The crop is grown from seed and matures in about 3 months,

Botany

The cowpea (Fig. 12.5 a-d) is an annual herb showing an erect, prostrate or climbing habir. It
grows vigourously becoming bushy and attaining a height of about 1.5 meters. The plants
are glabrous, but sometimes hairy at the nodes. The tap root is well-developed with
numerous large nodules containing bacterial colonies. The leaves are large, trifoliate and

have a long petioles (Fig. 12.5 a). A pair of large stipules surround the petiole. Each leaflet is
subtended by small stipels.

Fig. 12.5(a-d): Vigna unguiculata, Common cowpea. a) A shoot with leaves, flowers and young
fruits. b) A flower in longitudinal section. ¢) A pod. d} A seeq. (From
Purseglove, 1988),

The inflorescerice is an axillary raceme or fascicle with few flowers which are geflerally
crowded near the tip (Fig. 12.5 a). The flowers occur in alternate pairs on the thickened nodes
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of the inflorescence axis. The flowers have the typical papilionaceous organization (see Fig. Legumes {Pulses)
12.5b). The corolla varies in colour from white, light pink, purple, violet or even light blue.

The fruit is a legume or pod (Fig. 12.5 c) which varies considerably in the different varieties of

cowpea. The pods are long, cylindrical and somewhat constricted between the seeds. In the

yard-long cowpea (Fig. 12.6 a-c) - Vigna unguiculata var. sesquipedalis - the pod may grow

from 30-100 cms in length, while in the other varieties the pods grow from 10-30 cm in length.

The number of seeds varies according to the length of the pod. The seeds are variable in
shape and size (see Fig. 12.5 d; 12.6 ¢). They may be globular or kidney-shaped, smooth or
wrinkled, and of different colours. They are white, cream coloured, yellow, green, red, brown
or black. In the white seeded types which are commonly cultivated, the seeds have a
characteristic black mark around the hilum and are commonly called “black eyed cowpeas”
The seeds are rich in protein which constitutes more than 20% of the dry weight besides
about 50% carbohydrates. They also contain minerals and small quantities of fats.

Fig. 12.6 (a-c}: Vigna unguiculata, Yardlong bean. a) A part of a twig showing leaf and a pod.
b) A flower in longitudinal section. ¢) A seed. (From Purseglove, 1988).

Uses

The tender pods are used as a green vegetable. The mature dried seeds are consumed as a
pulse mostly whole, but sometimes also split. They can be ground inle a flour which can be
used in preparation of various food items. The plants are also used as green livesiock feed
or are dried and used as hay. The plants can also be ploughed into the land as a green
manure,
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12.8 BEANS

Many different Kinds of beans are cultivated throughout the world. These include the kidney
beans, lima beans, soybeans, wax beans, string beans, and green-shell beans, They are good
sources of energy being rich in proteins and carbohydrates besides having vitamins and
minerals. They can be consumed as green vegetables or as dried seeds. They, besides
enriching the soil, also provide valuable green fodder for cattle.

(i) Lima Bean

n=11 .
Lima bean (Fig. 12,7 a-€) is the most nutritious member of the pea family. Itis high in protein
value and rich in iron, calcium, and vitamins. This wide flat bean is a native of tropical
America. [tis grown in many warm regions of the world. The botanical name of lima bean is
Phaseolus limensis (synonym Phaseolus lunatus).

Fig. 12.7 (a-¢) : Phaseolus fimensis Lima bean. 8) A leaf. b) A complete flower. ¢) A flower cut in
longitudinal section. d) A pod. €) A seed, (From Purseglove, 1988).

(i) Common Beanor French Bean
n=11

Kidney bean, Runner bean, Snap bean, and Salad bean are other names used for Phaseolus
vulgaris (Fig. 12.8 a-e). This is the best known and most widely cultivated species of the
genus Phaseolus. 1t is of New World origin and is cultivated jn many parts of the tropics and
subtropics, and in temperate regions. There are numerous cultivated varieties which vary
considerably in their habit, the pod and seed characteristics and the ecological requirements.
The species is polymorphic and different varieties have adapted to local requirements. The
crop is grown from seed.

(i)  Green gram or Phaseolus aureus ‘
n=11

The green gram or mung is a very important pulse crop of India. It is considered as the most
wholesome amongst the pulses. The dried beans are eaten as a whole or split as a dhal. The
green pods are eaten as a vegetable. The seeds are also sprouted and eaten as a salad or

snack which is very nutritious. This pulse is described in detail in Section 12. 10 of this unit.

(V) Black gram or Phaseolus mungo
n=11,12

The biack gram or urd is a highly prized pulse for vegetarian diet in India. It is used much the
same manner as mung. It probably originated in India and spread to other tropical areas. It
has an arcient cultivation history in our couniry. A detailed account of this is given in
Section 12.9,




Fig. 12.8 (2-e): Phaseolus valgaris, Common bean. a) A leaf. b} A flower, ¢) A flower with its
corolla removed. d) A pod. €) A seed. (From Purseglove, 1988).

(] Scarlet runner bean or Phaseolus coccineus

n=11
It is a central American legume where the green and dry seeds are eaten. This bean is grown
in temperate countries and in the humid uplands of the tropics. The long, fleshy tuberous
ro6ts are also boiled and eaten.

vi} Hyacinth Bean

n=11,12
It is also known as Lubia bean, Lablab bean, Indian bean, Egyptian bean, and Bonavist bean.
This bean (Fig. 12.9 a-d) with numerous common names also has many Latin (botanical)

names. It is called Lablab niger (Fig. 12.9) / Lablab purpureus ! Lablab vulgaris / Dolichos
lablab / Dolichos purpureus. '

This is a native of India where it is found growing wild and also in cultivation. It is cultivated
extensively in South and Central Amierica, East and West Indies, Africa and China. This
bean is a dryland crop which is drought resistant and can be grown in areas having low
rainfall. It can be cultivated in different kinds of soils at various altitudes,

The young pods (Fig. 12.9 c) and tender beans are popular vegetables in various parts of
India. They must be properly cooked because the raw pods contain a poisonous glycoside.
The ripe and dried seeds 4re used as a pulse. This bean is also grown as a green manure
crop and in crop rotation with cotton and sorghum.

Closely related to the hyacinth bean is the horse gram - Dolichos uniflorus. This is called
the poor man’s pulse and is an important crop in southern India. In Andhra Pradesh,
Karnataka and Tamil Nadu this is as important as chick pea in northern India. It isalso grown
in Maharashtra and Madhya Pradesh. This is a dryland crop grown in areas having moder-
ate rainfall.

{vil)  Cluster Bean

n=7
It is commonly known as Guar and botanically as Cyamopsis tetragonoloba. This bean is
probably indigenous to India and has been cultivated since ancient times for fodder, green
manure and as a vegetable. The plant is now cultivated in United States for gum production.

The seeds contain a mucilaginous substance which is used in the paper and textile
industries.

The plant is a bushy annual with stiff erect branches. These are angular, grooved and

Legumes (Pulses)
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covered with white hairs. The small pinkish white flowers arise in dense axillary racemes. The
pods are linear, ridged, and compressed. These arise in clusters, hence the name cluster bean. -

Thus the different kinds of beans serve as important crops in different parts of the world.

TTTRTTTRE
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Fig. 12.9 (a-d): Lablab niger, Hyacinth Bean. a) A leaf. b) A flower cut longitudinally. c) Two I
pods. d) A seed. (From Purseglove, 1988). :

(vitiy  Other species of Phaseolus
n=11

The species which are of lesser imporiance are Phaséolus calcaratus or Rice bean of Asia
found from the Himalayas and Central Asia to Malaysia, Burma, China, Fiji, Mauritius and the
Phillipines.

The mal or moth Bean - Phasealus aconitifolius is a native of India, Pakistan and Burma, itis
also cultivated in Sri Lanka, China and in Texas and California in the United States. The
green pods are eaten as a vegetable and the dried seeds as a pulse.

12.9 URD

Botanical Name : Phaseofus mungo

Family : Fabaceae

Common Names : Black Gram, Woolly pyrol, Urd
n=11,12 '

.This is a highly prized pulse for the vegetarian diet in India.

Origin and Distribution

This legume has been under cultivation in India since ancient times. According to Vavilov,
this pulse originated in India, and Central Asia is recognised as a secondary centre for its
spread: Many botanists suggested that the Phaseolus mungo probably originated from the
wild species Phaseolus trinervius or P. sublobatus commaonly growing in India. It has been
introduced in many tropical and subtropical regions by Indian immigrants. The main Urd
producing countries other than India are Iran, Malaysia, East Africa, Southern Europe, South
and Central America and the West Indies.

In India the important Urd growing states are Madhya Pradesh, Uttar Pradesh, Punjab,
-Maharashtra, West Bangal, Andhra Pradesh, and Kamataka.
Ecology

Phaseolus mungo (Fig. 12.10 a-d) is a warm season crop and is grown both in-kharif and rabi
seasons. Itisalso grown in mixed cultivation with rice or other crops. It is drought resistant



and is not suitable for areas with heavy rainfall, A warm climate and well distributed rainfall
are ideal conditions for growing urd. Itis particularly suited to clay soils and the crop does
well on heavy soils such as the black cotton soils of India. The crop is raised from seeds and
matures in about three months.

Fig. 12.10 (a-d): Phaseolus mungo, Black gram. a) A leaf. b) A flower in longitudinal section.
¢) Two pods. d) A seed. {(From Purseglove, 1958).

Bolany

This is a fast growing herbaceous [egume. The plant may be an erect, sub-erect or trailing
annual, The stem is diffusely branched. The stem, leaves and fruits are covered with
reddish-brown hairs giving a woolly appearance (hence the common name woolly pyrol in
some parts of the wortd). The large leaves are trifoliate and have long petioles (Fig. 12.10a)
and ovate stipules. ‘The leaflets are ovate to lanceolate, entire and have falcate stipels. The
axillary inflorescences are branched and bear 5-6 flowers in clusiers. Each flower has a short
hairy peduncle and is sublended by large bracteoles. The flower has a typical papiliona-
ceous organization (Fig. 12.10 b) with a pale yellow corolla and diadelphous stamens. The
fruit is a legume or pod (Fig. 12.10c). The peduncle elongates when the fruit is formed. The
pod is erect, narrow, cylindrical and with a short hooked beak. In each pod there are 6-10
seeds separated by septa. The seeds are oblong with square ends and are mostly black. The
seed coat or testa is smooth and the hilum is white and concave. In ancient India, the seed
was used as an index of weight and was called “masha”. Twelve sceds or "mashas™ were
equal to one “tola™ which is approximately 11.66 grams. The seeds are rich in phosphoric
acid and in globulins A and B. The total proteins constitute about 24% of the dry weight of
the seed and about 57% is carbohydrate.

Uses

1t is boiled and eaten either whole or split with or without (washed) the husk. The washed
(dehusked) split seeds are ground into a flour and used for making confectionery such as
pudding. A dry wafer like preparation called “papar’” or “aplam¥ is also made from the dhal.
The ground, split seeds are also made into a paste with various spices and small balls are
prepared. These are dried and called “bari”. The flour is an important constituent with rice
for making ““dosa” and “idli”. The green pods are eaten as-a vegetable.

The seed proteins have a gluten like property and urd is used for making bread and biscuits.
The paste from the seeds is also used as a cementing material. The plant is also used as
livestock feed and as a green manure. It prevents soil erosion and conserves soil moisture.

Legumes {Pulses)
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12.10 MUNG

Boltanical name : Phaseolus aureus

Family : Fabaceae

Common names™ : Green gram, Golden gram, Mung, Pessara
n=11] -

This is a very important pulse crop of India. It is the most wholesome of the pulses.
Origin and Distribution

Like Phaseolus munge, P. aureus tog is of ancient cultivation in India and has not been
found in the wild state. It is supposed to be a native of India and centrat Asia. Thisis quite
closely related taxonomically to Phaseolus radiatus which occurs wild throughout India and
Myanmar (Burma) and is also sometimes cultivated. Besides India, this pulse is cuitivated in
South-east Asia, some parts of Africa, the West Indies and the United States of America. In
India, the major green gram or mung growing states are Maharashtra, Gujarat, Tamil Nadu,
Andhra Pradesh, Bihar, Uttar Pradesh, Punjab, Rajasthan, Madhya Pradesh and Kamataka.

Ecology

Mung is a dry land crop usually grown after rice. It is cultivated both as a kharif as wellasa
rabi crop. The plant prefers a warm weather and can withstand drought. The crop is grown in
a wide variety of soils and performs best on a good loam. It is also suited for red and black
soils. There are short-day as well as long-day cultivars of this pulse crop. The plant matures
in 3-4 months after sowing,

Botany

In general appearance, mung is quite similar to urd, but the two pulses differ in many
features. These differences in the characters are as follows (see Table 12,2) ;

Table 12.2: Differentiating characters of green gram and black gram .

Character Green gram (P. aureus) Black gram (P. rmungo) -
Stem ‘ Mostly erect or sub-erect Mostly spreading or trailing
Leaves Mostly green or dark green Mostly yellowish green
Hairiness Sparsely hairy Densely hairy
Hair colour Slightly brown Ferruginous (reddish brown)
Pods Reflexed or pendent with Erect or sub-erect with long
short hairs; shatter readily hairs; do not shatter much
Seeds Small, globular, usually green Large, oblong with square ends;
usually black
Seed coat . Testa with fine wavy ridges; Devoid of ridges
sometimes very faint but never
absent
Cotyledon Yellow; not becoming pastyon | Whitish or pale yellow and gives
chewing a paste on chewing
Hilum Flat Concave

Phaseolus aureus (Fig. 12.11 a-d} is an annual legume. The plant is an erect or sub-grect,
miuch branched herb. The whole plant is hairy but the hairs are widely separated when
compared to the woolly appearance of Phaseolus mungo. The leaves are alternate, trifoliate,
with long petioles and ovate stipules (Fig. 12.11 a). The leaflets are ovate and large.

The inflorescence is an axillary raceme with 10-20 flowers. The flowers are clustered at the
top of a long peduncle. The flowers have a typical papilionaceous organization (Fig. 12.11b)

Tt — TS ETTH R

T




and a purplish yellow corolla. The seeds are globular and usually green but sometimes Legumes (Pulses)
yellowish or blackish. Two kinds of cultivated varieties are recognised:

a)  Golden gram with yellowish seeds which produce less seeds and show a tendency to
shatter;

b}  Green gram with dark (blackish}) or bright green seeds which produce more seeds, The-
pods ripen more evenly and have less tendency'to shatter.

The seeds are rich in proteins, carbohydrates and minerals.

Fig.12.11: Phaseolus aureus, Green gram. a) A flowering shoot. b) A Mlower in longitudinal
section. ¢) A pod, d) A seed. (From Purseglove, 1988). .,

Uses

Phaseolns aurens or the green gram is one of the most wholesome pulse. The dried seeds are
boiled and eaten wholc or afier splitting. The testa may be removed and the cotyledons or
dhal may be ground into a dry flour or made as paste which is used for making various Indian
and Chinesc dishes. The pulse is easily digestible and is “free from heaviness and has lesser
tendency to flatulence” which is associated with other pulses. The green pods are eaten as a
vegetable. The whole seeds may be sprouted and eaten as a salad or snack, The seeds can
be used in the same way as Phaseolus mungo to make the “papar or aplam” and “bari”.

Besides human consumption, this crop is also grown [or hay pasture, silage and as a cover
crop. The plant is useful for crap rotation and in restoring the fertility of the soil.

SAQ2

l. Match the items given in column A with those given as column B.

A B
) Cowpea a) Lablab niger
i) Lima bean b) Phaseolus vulgaris
iiiy French bean ¢} Cyamopsis tetfagonoloba
iv} Hyacinth bean d)} Vigna unguiculata
'v)  Cluster bean e} Phaseolus lunartus

2. Write the botanical names of the following;

a) Horse gram
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- e) Mator moth bean . 3

.b) Scarlei runner bean

c} Black gram

d) Rice bean

List 4 characters to distinguish Phaseolus aurens from Phaseolus mungo.

Classify the following statements as True or False,
a) Cowpea was recognised as an important pulse crop in ancient Roman
literature.

b) Butter bean is a common name for the kidney bean.

¢} The most widely cultivated species of the genus Phaseolus is Phaseolus

[ ]
L]
aureus or Mung, D
L]
(]

d) The raw pods of Lablab niger or Lubia bean contain a
poisonous glycoside.

e} Cluster bean, Horse gram, and maoth bean originated in India.

f)  The botanical name of Mung or Green gram is Phaseolus mungo.

g) Phaseolus mungo is the most highly prized legume for the vegetarian
dietin India. |:]

12.11 SUMMARY

In this unit you have studied that:

The legumes or pulses are important sources of proteins in a vegetarian diet. Besides
their high protein content, leguminous seeds are also rich in carbohydrates and fats.
They have a low water content and can be stored and transported easily. The legumes

grow rapidly and enrich the soil by fixing atmospheric nitrogen. Thus the legumes are
important in crop rotation, -

All legumes are classifted in the family Leguminosae. The fruit is 2 simple, dry,
dehiscent pod or legume. The legumes consumed as food are classified in the sub-family
Papiliondtae. The pulse craps are cultivated all over the world. India is the single largest
producer of pulses. Many different kinds of legumes are cultivated around the year in
almost all the states of the country. Chick pea and pigeon pea are two important pulse
crops constituting 55% of the total pulses produced in the country. Besides these there
are several other useful and harmful pulses also.

India is the largest producer of groundnut or Arachis fiypogaea and it is mainly used for

* extracting an edible oil from the seeds, The groundnut oil is 2 very important non-drying

oil that is used in cooking and in other industries. The seeds have high calorific value.



Chickpea - chana or Cicer arietinum is one of the oldest known pulse crops. Thisisa
very important legume today and 70% of the world’s production is obtained from India.
The angular seeds with pointed beaks contain 2 thick yellow cotyledons. These are
used in many ways. .

Pea or Pisum sativum is a well-known legume made famous by the studies of Gregor
Mende! who discovered the basic laws of genetics. The crop is extensively cultivated in
the Northern Hemisphere. The seeds are highly nutritious and besides proteins,
carbohydrates and minerals, they also conlain vitamins A, B and C. The fresh green
seeds are consumed as a vegetable. .

Soybean or Glycine max is an ancient oriental legume and its cultivation extends from
the tropics to the tamperate regions of the world. It requires a specific strain of
Rhizobium japonicum for nitrogen fixation. The seeds are small and globular. This is
one of the most valuable legumes because of the high protein and oil content of the
seeds.

The interesting legume, cowpea or Vigna unguiculata is an important pulse crop of the
tropics and subtropics. The tender pods as well as the mature seeds are used as food.

Beans conslitute an imporiant category of leguminous plants and are amongst the most
nourishing vegetables. These are cultivated throughout the world and the more
important of these are the kidney bean, lima bean, wax bean, string bean, cluster bean,
common bean, hyacinth bean, rice bean, and horse gram.

Black gram and green gram are two important pulses of the genus Phaseolus which may
have originated in India. Black gram (Phaseolus mungo) and green gram (Phaseolus
aureus) are both warm season crops and are culivated as kharif or rabi crops in
different parts of India. Although closely related, these species differ in many features.
Both are used as important pulses in the vegetarian diet and also used for many culinary
preparations.

12.12 TERMINAL QUESTIONS

L.

Define the term legume, Write a brief account on the different types of legumes grown
in India, mentioning the regions in which each type is commonly cultivated.

L LT e e L L L

Write an account on the importance of legumes as food, in crop rotation, and the
economy of the country. List the more important legumes cultivated in India.

Write a detailed account of any one of the legumes you have studied. Mention its
place of origin, cultivation, and economntic importance.

Why are groundnuts considered to be very useful? Briefly enumerate the origin,
ecology and botany of this legume.
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Compare and contrast the botany and economic importance of groundnut and
soybean.

Discuss briefly the origin, cultivation and economic importance of ;

a) Gramorchickpea b) Cowpea ¢) Black gram d) Greengram

12.13 ANSWERS

Self-Assessment Questions

SAQ1

L

A legume is an important source ofﬁroteins in the vegetarian diet. The legume is a
member of the family Fabaceae. This is characterised by a special kind of fruit. Le-
Bumes are pulse crops cultivated all over the world. A leguminous crop is very
important in agriculture.(Also see Sections 12.1 and 12.2).

Legumes are important in crop rotation because they maintain soil fertility. This is due
to the fact that these plants can add nitrogen to the soil, The ability of legumes to fix
atmospheric nitrogen and converling it into usable nitrates is due to symbiotic
nitrogen fixing bacteria which live in the root nodules of the plants. (Also see
Appendix 12.1).

a) Soybean - Glycine max
b) Chickling vetch - Lathyrus sativus

Favism is an acute anaemic condition. It is caused by eating uncooked or partiaily
cooked seeds of the broad bean - Vicia faba. The diseased condition is also caused by
inhaling pellen of the plant. It affects only males and is common in the Mediterranean
region.

a} Arachis hypogaea - groundnut
b) Any two of the following;
i) Lens esculenta - Lentil
ii) Pisum sativum - Pea
iy Cicer arietinum - gram
iv) Vicia faba - broad bean
€} Any three of the following .
) Glycine max - soybean
i) Vigna unguiculata - cowpea
iy Cajanus cajan - pigeon pea
V) Phaseolus aurens - green gram

v} Phaseolus mungo - black gram
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0 Cicer arietinum

i) Cajanus cajan

i) Lens esculenta

iv) Phaseolus aureus

v) Phaseolus mungo

vi) Pisum sativum. Write any five names. Also see Table 12.1.

a) South America, Brazilian - Paraguayan region.

b) Western Asia - Between Caucasus and the Himalayan mountains.

¢) Near east Jarmo or Neolithic sites in Europe.
d) China.
) Arachis hypogaea - groundnut

iy Glycine max - soybean

SAQ2

L

i - d

ii - e

iii- b

iv - a

vV - ¢

a) Dolichos uniflorus
b) Phaseolus coccineus
¢} Phaseolus mungo

d) Phaseolus calcaratus
€} Phaseolus aconitifolius
See section [2.10.

a) F

by F

c) T

d) F

ey T

fy F

g T

Terminal Questions

1) See Sections 12. 1, 12.2, and see the areas of tultivation of each legume.

2) SeeSection 12.2

3) Write an account on any legume of your choice

4) SeeSection 12.3

Legumes (Pulses)
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5) Read Section 12.3 and 12.6. Make a table to draw out the comparisons,

6) See Scctions 12.4,12.7, 12.9and 12.10 respectively.

Appendix 12.1: Legumes- The Nitrogen Fixers.

There are special tubercle-like structures containing bacteria which have the property of
fixing aimospheric nitrogen. The symbiotic association between the soil bacteria and the
roots of leguminous plants to form nitrogen fixing root nodules is of vital importance to

modern agriculture. The bacteria (Rhizobium species) live freely in the soil but do not fix
atmospheric nitrogen. However, when these bacteria live symbiotically inside these root

nodules, they fix atmospheric nitrogen by converting it into nitrates and other compounds

which can be used by plants. The bacteria are attracted to the roots of the legumes from
the seedling stage onwards. The bacteria enter the root hairs and penetrate in the root
cortex. Here the bacteria multiply rapidly using the nutrients and enzymes of the root
cells. The host cells too divide and enlarge to produce nodules which become apparent
on the surface of the roots. The cells of the root nodules become densely filled with
millions of bacteria. The size and shape of the nodules varies considerably and several
factors control the growth and efficiency of the nodules. The nodules which contain a
special red pigment called leghaemoglobin is very effective and important for nitrogen
fixation. The bacterial cells fix atmospheric nitrogen and the legume digests the bacteria
and utilizes the nitrogen compounds. The nodule, thus, finally dies and the large
proportion of undigested bacteria become available in the soil to provide nitrogen
compounds to the plants. This process of nitrogen fixation constantly adds nitrogen to
soil making it available for biological circulation.
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13.1 INTRODUCTION

Most people use the term fruit for any juicy, edible and usually sweet food article such as
mango, banana, orange or apple. However, you also eat (omatoes, cucumbers, brinjal, lady's
finger etc. as vegetables and these plant structures are generally not thought of as fruits
because they are not sweet to laste. It is therefore necessary to understand what is meant by
the term fruit before we proceed to study some of the fruit bearing plants and their value to
mankind.

Botanically speaking, a fruit is a product of that process of growth which is initiated by the
act of fertilisation. A fruit is thus the ripened ovary and it encloses the seeds which are the
ripened ovules. Interestinély, in horticulture, the term fruit is used for any seed-bearing
fleshy structure produced by a perennial flowering plant. This definition thus excludes nuts
(which are not fleshy structures) as well as the fleshy structures produced by annual flower-
ing plants such as tomato, brinjal, melons etc, and these are classified as vegetables in
horticulture.

It would be more appropriate to emphasise the botanical definition of the fruit as “a post-
fertilisation™ product from the female part of the flower™. According to this definition,
botanists recognise the importance of sexual reproduction in the life cycle of plants for
survival. The fruit as a seed-bearing structure is thus of significance in many ways. You
have already read about their development and classification in LSE-06. Before going
through this unil read Unit 6 of LSE-06 (Block-1).

It will be interesting to know that the term fruit originated from the Latin word ‘frui’ which
means ‘to enjoy’ because the majority of the fruits are relished for their flavour and taste.
Various fruits have been used by mankind since ancient times and these are represented in
different forms to indicate their antiquity. For example, the mango has been represented in.
the Sanchi Stupa which dates back to 150 B. C. The Bible has mention of the forbidden apple
in the Garden of Eden. There are also archeological findings of different fruits indicating that
fruits were consumed as food. They are nutritious and appelising plant parts rich in carbo-
hydrates and other products, Most fruits have a high sugar content and thus provide quick
energy. The indjgestable carbohydrates such as cellulose and peclic substances are valu-
able as roughage which is essential for the proper functioning of the alimentary canal. Fruits
are also rich in vitamin C and other organic and mineral substances. They have little protein
and hence most fruits cannot serve as a balanced diet on their own. However, they are
important as sources of energy and vitamins,

Most fruits are consumed fresh as a dessert or they may be processed before consumption.
The majority of the fruits do not have a long shelf life and cannot be stored for long periods.
Many fruits can be preserved in different ways and enjoyed for their taste and flavour.
Besides this, air transport, cold storage and new packaging techniques are now available as a
result of which different kinds of fruits from various parts of the world are avaitable in large
cities of the world.

In this unit you will study about some of the well-known fruit and nut-bearing plants and
understand their importance to mankind,
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The Lalbagh (botanic garden} in
Bangalore has numerous mango
trees. Bul Zone unique, they
have existed for more than 250
years. Perhaps Hyder Ali and
Tippu Sultan must have caten
their fruits.
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Objectives
By a careful study of this unit, you will be able to know:
® the proper botanical usage of the term fruit,

@ the general-properties of the fruits,

® the origin, distribution, ecology, botany and uses of some important fruits and nuts.

13.2 FRUITS

Fruits have served as a source of food since ancient times. Different fruit plants have
provided energy and taste to mankind and some of these have become very important
economically. These are widely cultivated and are known throughout the world. There are
also less-known fruits which are cultivated only for local consumption. We shall present
information on the more well-known fruits.

13.2.1 Mango

Botanical Name : Mangifera indica Linn
Family : Anacardiaceae

Common name : Aam

n= 20

The mango is a very popular fruit relished by millions of people througheut the world. In
India, it is called the “king of all fruits.” It occupies about 60% of the total area under fruit
cultivation in our country,

[3.2.1.1 Origin and distribution : The mango originated in the Indian subcontinent in the
Indo-Burma region. It has been under cultivation for more than 6000 years. There are
elaborate references to the mango in ancient Sanskrit literature and the tree is also repre-
sented in the Buddhist Stupa at Sanchi dating back to 150B.C. Being one of the oldest and
most important tropical fruit, the mango is now grown besides India, in Pakistan, Bangladesh,
Indonesia, Philippines, tropical America including Florida, California, Tanzania and Egypt. It
is cultivated in almost all parts of India and (here are several hundred horticultural varieties.
Each variety has its own peculiar taste, flavour, sweetness and quality of pulp. The well-
known varieties of mango grown in India include the famous Alphonso, the Dasheri, Langra,
Chausa, Banganpalli or Safeda, Totapari or Polymango, Neelam and Malgoa. A large number

- of hybrids have also been developed. Of these, Malika and Amrapali have become very

popular.

13.2.1.2 Ecology : The plants have a tendency to aiternate bearing, with heavy flowering
and fruiting in one year followed by a light crop in the following year. This is due to mineral
imbalance in the soil. Adequate fertilisation can correct the imbalance and there can be
uniform fruiting every year under cultivation. Fertilisers which provide nitrogen, phospho-
rous and potassium must be made available in adequate amounts for good crop.

13.2.1.3 Botany : The mango plant is an erect branched evergreen tree growing 10-40 m in
height and having a dense dome-shaped canopy. The tree can live for |00 years or more and
continue to bear fruils.

The stem has a pronounced trunk with a greyish-brown fissured bark, The leaves are spirally
arranged and form a dense glossy mass. They are dark green petiolate and have a pulvinate
base. The lamina is narrowly elliptic or lanceclate undulate and coriaceous and tapers
towards the apex and base.

The inflorescence is a large terminal panicle bearing numerous flowers. There are few
bisexual and many male flowers in each inflorescence. In the bisexual flowers, there is a single
carpel with a superior ovary and a single pendulous ovule. The style is lateral with a small
simple stigma (Fig. 13.1). Only 0.1 to 0.25% of the bisexual flowers on a tree set fruit. The
yield increases up to the 20th year and on an average 400-600 fruits can be harvested from
each tree per year.
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Fig. 13.1: Mangifera indica. n) Mangoes on trees. b) a single mange flower. ¢) Diagrammatic
L.S. section passing through a hermaphrodite flower, showing a small obliguely
placed ovary with a lateral style with 2 pendulous ovule and conspicucus disc.

d) L.S. of [ruit.

The fruit is a fleshy drupe varying in shape, size, colour and texture of the skin (exocarp),
flavdur, sweetness and acidity and constitution of the edible mesocarp (pulp). The pulp may
be yellow, orange or reddish in colour and encloses the inner stone or endocarp. This is
thick, woody and it contains a single seed. Unripe fruits are rich in starch and contain
vitamins A,B and C. The starch is hydrolysed to sugars during fruit ripening and the sugar

- content of the ripe fruit varies from 10-20% of the total weight. Inferior fruits are fibrous and

acidic.

13.2.1.4 Uses : One-fifth of the world’s inhabitants eat mangoes. This popular fruit is
consumed in many ways. Unripe fruits are used in pickles, chuneys and other culinary
preparations. Slices of unripe fruits may be dried with or without turmeric and used either as
such or in powder form as a seasoning agent for flavouring food. In India, it is called
‘amchur’. Ripe fruits are eaten fresh as a dessert and also used in the manufacture of jams,
jellies, squash and preserves. Mango pulp, mango-shake (with milk and sugar) and other
refreshing drinks are also made from mangoes. The juice of ripe mangoes may be dried to

Fruits and Nuls
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form a solid sweet-sour sheet called ‘ampapad” which can be eaten as a snack. Mango is a
sacred tree in India and it’s leaf is an important item at all Hindu auspicious occasions and
festivals,

13.2.1.5 Propagation and improvement : Mango can be propagated by seed or vegetatively,
Grafted mango plants are becoming increasingly popular because they start producing fruits
carly when compared with those raised from seeds.

The cultivated mango, Mangifera indica is of allopolyploid origin through interspecific
hybridization and chromosome doubling. Selection through gene mutations has helped in
improving the crop for regular and prolific bearing; fruit of good flavour and keeping quality;
resistance to disease and pests; and other desirable traits. - A dwarf habit to facilitate easy J
harvesting and extended fruiting season are other features being selected through mutations, -

LI 0 [ N
'

13.2.2 TheBanana or The Tree of Paradise

Botanical Name : (i) Musa paradisiaca Linn. var, sapientum (Linn.) Kunze (Synonym :
Musa sapientumn Linn,) (bananas) (ii) Musa paradisiaca (Plantains)

Family : Musaceae

Common name : Kela

2n = 22,33,44

R

Bananas are the most important of the tropical fruits, When the total world production of i
fruits is compared, grapes occupy the first position closely followed by bananas. The F
cultivated bananas are broadly classified into two groups. According to Kochhar [Economic
Botany in the Tropics, Macmillan India Ltd., 1998], “The fruits eaten as a dessert without any
cooking are called ‘bananas’ while the more starchy types with a less pleasant flavour and
that need cooking before they can be consumed as a vegetable are called plantains'. On the
other hand, according to Saldhana {Flora of Hasan District, Karnataka, Amerind Publishing
Co., 1976). In South India the starchy cooking Musa is called ‘banana’ and the sweet gessent
type is called *plantain’.

13.2.2.1 Origin and distribution : Although the cultivated bananas are called Musa '
paradisiaca or M, sapientum, they are actually hybrids which have originatedfrom a cross

between two wild species - Musa acuminata and M. balbisiana. These wild species are

diploid and produce large seeds. The fruits are not edible. The cultivated bananas are

diploids. The numerous cultivated forms are mutants of the original ancestors or hybrids

which have been multiplied by man over the ages. Itis one of the oldest fruits known to

mankind and therefore its origin is not known with certainty. The banana may have origi-

nated in the humid tropical regions of South East Asia somewhere in the mountainous region

of North East India, Myanmar (Burma), Thailand or Indonegia. it has now spread throughout

the world and the major arcas of cultivation are in the continents of Africa, Asia, America and
Australia.

13.2.2.2 Ecology : Bananas prow best in the humid tropics where bunches are produced in
the shortest time. Adequate monthly rainfall between 100 mm and 250 mm and optimal
temperatures between 25° and 30° C are important.

13.2.2,3 Botany : The banana plant is a giant perennial herb. The primary root soon dies
and is replaced by adventitious roots which form a dense superficial mat. The true stem is an
underground rhizome or corm which grows out through the “pseudostern™ at the time of
flowering. The corm has very short intemodes and is covered or encircled by closely packed
leafscars. The so-called vepetative stem is actually a false stem or pseudostem formed by the
interfolded and tightly rolted leaf sheaths which grow from the corm. The leaves are spirally
arranged, light green and appear as a crown at the apex of the pseudostem (Fig. 13.2).
Triploids generally have longer leaves.

The leaves are simple and generally 20-50 leaves are formed before the inflorescence is
produced. This ensures that the rate of photosynthesis is high enough for the formation of

the bunch. Afer the bunch is ripe, the shoot dies; but the plant continues to grow by
producing side shoots.
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Immalure fruits

Hands of bananas

Female flowers

Fig. 13.2: Musap_a;adisi;zca Var. sapienfum. - banana. a) entire plant perennial here b} an
inflorescence showing the successive exposure of clusters of female flowers. ¢) fruit.

The inflorescence arises from the corm and after growing through the pseudostem emerges
through the crown. It is a complex spike. The racemose inflorescence has flowers arranged
in successive layers. Each cluster of the flowers is subtended by a brightly coloured large
green or red bract. This bract rolls backwards as the flowers mature and finally falls off. The
many flower clusters with their subtending bracts are spirally arranged on the stout pedun-
cle. Each cluster has 12-20 flowers. About 5-15 clusters near the base of the inflorescence
bear female flowers while those towards the apex of (he inflorescence have male flowers (Fig.
13.3). The emerging inflorescence is erect, but as it matures it becomes pendant due to
geotropic reaction as well as its own weight.

The fruit is a berry and it generally develops parthenocarpically, The numerous ovules
degenerate as the fruit matures and appear as black or brown specks in the central part of the
" mature fruit. Fruit clusters are also known as “hands” or “combs™ and individual banana as
“fingers”.

13.2.2.4 Uses : The banana is a versatile fruit. The raw fruit can be cooked as a vegetable,
sliced and dried and made into chips or covered with a paste of gram flour and fried. Ripe
fruits are eaten as breakfast food or as a dessert. A beverage, banana beer, is prepared in
different parts of the world. Ripe fruits are also used for making banana powder used in
confectionery. The inflorescence, especially the terminal portion with maie flowers, is
cooked as a vegetable. The fleshy stem afier flowering and fruiting is also consumed as a
vegetable. The green leaves are used as plates. The plant is used in several ceremonial
occasions like marriage. The ripeness is indicated by yellow skin and brown patches
(blotched). Banana is rich in sugars, fat, proteins forming an exceilent food.

13.2.2.5 Propagation and cultural practices : Bananas are propagated vegetatively from
various types of side shoots or suckers or pieces of the corm. Bananas are harvested when
green and ripened artificially with chemicals such as ethene (or ethylene) or ethyne (acety-
lene}, or by exposing them to smoke.
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The Hawaiian pineapple
industry got its start in 1896
from selected English introduc-
tions which came by way of
Australia. Hawaii now
coniributes a little over a third
of the world's production of
some 11.8 million tonnes.
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Lobed stigma
Stamens
Free perianth segment

Five fused perianth segments
Inferior ovary

Five fused perianth sepments

Free perianth segment
(b) Inferior ovary

——— Fused perianth segments
Free perianth segment

Aborted stamen

Inferior ovary

Ovules in axile placentation

) Qvary wall
@ @ l Vascular supply

Pholosynthetic tissue
Pulp
Aborted owvules

Epidermis with scattered stomata

Vascular bundies and latex tubes

Fig. 13.3: Musa paradisiaca. Floral organisation of banana, a) bisexual fMlower with perianth
separated b) L.S. through a hermaphredite flower. ¢} L.S. through female flower, d}
C.S. young fruit e) T.S. of a mature fruit.

13.2.3 Pineapple

_Botanical name : Ananas comosus (L.) Merr.
Family : Bromeliaceae
Common name: Ananas
n =25

The pineapple is a plant which is neither a pine nor an apple, but produces delicious fruits.
The resembiance of the fruit to a pine cone was used by (he Spaniards to call it pineapple.

The generic name Ananas is derived from the South American *“Tupi Indian" name ‘Nana’ for

this plant.

13.2.3.1 Origin and distribution : The pineapple is a native of South America. It spread to
~other tropical areas and became a very important fruit crop. It is now cultivated in India,
Philippines, Madagascar, Thailand, Mauritius, Malaysia, Hawaii, Brazil, West Africa, South
Africa, Argentina, Australia and other tropical and sub tropical regions. Pineapples are also
grown in heated greenhouses in Europe. A mutation for seedlessness resulted in selection
of varieties for increased size, juiciness, sweetness and improved flavour.

13.2.3.2 Ecalogy : Pineapples are grown at low elevations between 25° N and S of the

Equator. They are tolerant to drought due to the presence of special water storage cells. The

plant has xeromorphic characters and the optimal temperature for growth is between 25 and

32°C) If pineapples are grown in cooler locations, the fruit will be acidic and have a low sugar

content. Rainfall of 100 -150 cm and high humidity are imporiant.

The crop can be grown on a wide range of soils but a well drained, slightly acidic, sandy loamn

is desirable. Pineapples cannot tolerate frost. In Kenya they are grown at altitudes of 1400 to
1300m. .

Ovules arranged in two rows on  axile placenta




13.2.3.3 Botany : The pineapple plant is a perennial herb with a single main stem up to Imin
height having a rosette of spirally arranged stiff leaves with pointed tips and entire or prickly
margins. A terminal inflorescence develops into the Truit and growth continues after fruiting
by the development of axilliary buds into branches.

The plant has a shallow adventitious root system. In addition, roots also grew in the leaf
axils and these surround the stem near the base. In this manner, the plant is able to abtain
moisture even under dry conditions. The stem stores starch which is later converted inlo
sugar and transported to the developing fruit. Propagation is done through suckers,
cuttings and also from seed.

The plant produces a compact terminal inflorescence having 100-200 spirally arranged
flowers. The majority of the cultivated pineapples show a parthenocarpic development of the
fruit.

The fruit is actually a swollen inflorescence or syncarp or multiple fruit. The axis of the
inflorescence as well as the branches and the multiple fruit is fleshy and succulent. The fruit
is cylindrical, large and it is surmounted by a crown of leaves (Fig. 13.4). These are formed
by growth of the axis beyond the inflorescence. When the fruit matures, the crown stops
growing and becomes dormant. This crown can be used for vegetative propagation. It takes
about 5-6 months for the infloresence to mature into fruit.
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Fig. 13.4: _Ananas comosus. a) Pineapple fruit with a terminal crown of leaves. b} A L.8. showing
several fleshy flowers. ¢) A single flower in L.S. showing the perianth and inferior
. QVArY.

The size, colour, juiciness, sweetness and flavour of the fruit varies with varieties. The
cultivated pineapples are seedless and parthenocarpic as the ovules abort during fruit
development.

13.2.3.4 Uses : The fruits of pineapple are eaten either fresh or preserved in syrup and eaten
as a dessert. The fruit is also used for making jams,pineapple juice or squash which is
consumed as a refreshing drink. Pineapple is mixed with other fruits for making fruit salads or
fruit cocktail. :

The leaves contain white silky fibre which is used for making a fine fabric (catled Pina cloth in
Philippines and Taiwan) and for Cordage. Some varieties of pineapples with variegated
leaves are grown as omamentals. :

Fruits and Nuts
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13.2.3.5 Harvesting and Cultural Practice : Flowering and fruiting in pineapple can be
simultancously slimulated by the use of growth harmones, naphthalene acetic acid or its
sodium salts, ethylene and acetylene and produced by placing 1 gm granular calcium carbide
in the terminal teaf cluster. The fruits are harvested by hand and cither sold for raw consump-
tion or sent to factories for processing into various products,

13.2.4 The Papaya or paw paw

Botanical Name : Carica papayn Linn.
Family : Caricaceae

Common name : Papita

n=29

Papayas are among the most widely grown tropical fruits. They are mostly grown in small
gardens or as isolated trees for local consumption.

13.2.4.1 Origin and distribution : Carica papaya has not been found in the wild state, it
may have originated in Southern Mexico and spread to all tropical and subtropical countries.

13.2.4.2 Ecology : Papayas are locally adapted but widespread. They are grown from
equatorial tropics to temperate latitudes. Growth is faster in the tropics and trees flower
within 6 months and produce ripe fruits within 9 months. They are susceptible to frost.
Sandy soils are best for cultivation of papaya, but the crop should not be grown succes-
sively in the same soil.

13.2.4.3 Botany : The papaya plant is a short-lived, quick growing smali tree with soft wood.
It s usvally unbranched. The roots are soft and easily damaged. Latex vessels are present in
all parts of the plant. The straight cylindrical stem has prominent leaf scars. It has soft
spongy fibrous tissue and is usually hollow in the pith region. The stem supports a crown of
large long-petiole, paimately lobed teaves which are spirally arranged. Papaya flowers are
produced in axillary inflorescences. The trees are usually dioecious producing either male or
female flowers. But sometimes bisexual flowers are also formed. In the hermaphrodite trees,
both male and female flowers are produced. On the female trees, the flowers are shortly
stalked generally solitary (but sometimes in few flowered cymes) and develop inte fruits in
succession. The male flowers are in large pendant axillary panicles on the male trees. In the
hermaphrodites, the inflorescence is variable, even the female flowers being borne on long
pendant peduncles (Fig. 13.5).

The flowers are fragrant, creamy white or yellow. They are pentamerous, actinomorphic and
gamopetalous. The male flowers have 10 stamens in 2 whorls. The female flowers have a tri-

to penta-carpeilary syncarpous gynoecium with a superior ovary showing parietal
placentation.

The fruit is a fleshy berry. Its shape and size vary, as also its colour (usually yellow, orange),
texture and flavour of the edible flesh. The seeds may be few in the nearly seedless varieties

or they may be numerous filling (he cavity of the hollow fruit. They are mucilagenous, black
or greenish

¥

13.2.4.4 Uses : Unripe (green) fruits are cooked as a vegetable. Ripe fresh fruits are eaten as
a breakfast food oras a dessert or in fruit salads in all tropical countries. The fruits are sweet

musky in taste. The latex obtained from young immature fruits is dried and used as papain.
This contains protein digesting enzymes similiar in action to pepsin. Young fruits or pre-

pared papain are used to tenderise meat. it is also used in the manufacture of cosmetics and

chewing gum, and medicine for digestive aiiments. Papaya contains about 2% pectin and
this is extracted for use in ntaking jams and jellies.

13.2.4.5 Cultivatiop and harvesting : Papayas are propagated by seed. The fruits are
harvested at the halfripe stage, and they ripen in 3-4 days. Hard fruits with carrot-like
toughness are usually processed or canned.

A large number of hybrid varieties are cultivated in.different parts of the country,
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Seeds surrounded by -
a gelatinous covering

Papaya cut open

Stipma

Matle flower
(b) ' ©

Fig. 13.5: Carica papaya. a) A papaya tree b) female flower ¢) male flower d) froit (cut open).

13.2.5 The Guava

Rotanical Name : Psidium gieajava Linn,
Family : Myriaceae

Common name : Amrud

n=11

The guava is calied the “apple of the tropics™ or the “poor man's apple”. It is listed as a
“less important fruit grown jn India” in several books. The fruit is a rich source of vitamin C
and is-relished for its flavour and aroma.

13.2.5.1 Origin and distribution : Known to the Incas, the guava (Psidium guajava)
originated in tropical America and has now spread to all tropical and subtropical regions. It
is mostly grownfor local consumption. In India, guava is grown commerciafly in many states
and the Allahabad varieties are very famous for their special taste. It is also cultivated in
€alifornia and Florida (U.8.A), Brazil, British Guiana, West Indies and Philippines. It grows
wild in Cuba. T

13.2.5.2 Ecology : The tree is hardy and is quite adaptable to a wide variety of climate and
soil conditions. - . o :

13.2.5.3 Botany : The guava plant is a shallow rooted large shrub or small tree. The
branches arise close to the ground and spread outwards. The leaves are opposite, simple,
shortly petioled, and oval to elliptic. . ) . :

The flowers are axillary, either solitary or in cymose clusters. Pach cluster has 2 or 3 flowers.
They are white, actinomorphic, bisexual, tetra-or pentamerous and epigynous. There are
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numerous stamens in concentric rings on an epigynous disc. The syncarpous gynoecium
with a 4-5 locular ovary bears numerous ovules.

The fruit is a berry variable in size, shape, texture, juiciness and sweetness of the edible pulp,
The skin may be of different shades of green or it may be yellow, cream or almost white. The
fleshy edible portion or mesocarp may be white, yellow, pink or red. It contains numerous
stone cells as well as hard bony seeds. The fruit has a crown formed by the persistent calyx
in which dried stamens may be present (Fig. 13.6). :

R —:—-—rn—;T:Tv—.-:--

(a)

Fig. 13.6: Psidium guajava. a) Guava flower b) L.S. of guava [ruit.

13.2.5.4 Uses : The ripe guava is juicy sweet, aromatic and highly flavoured. It has a fine
mixture of acid, sugar and protein. The fruits are eaten fresh or mixed with other fruits in fruit
salads. The fruits are also used for making jam, jelly, nectar and juice. Guavas are particu-
larly rich in vitamin C. Guavas are also a fair source of vitamin A, iron, calcium and phospho-
rus.

13.2.5.5 Prapagation : Guavas can be grown from seed but this results-in great variability.
Vegetative propagation is undertaken in cultivation for obtaining desirable varielies of fruits.

13.2.6 TheFig

Botanical name ¢ Ficus carica Linn,
Family : Moraceae

Common name: Anjeer

n=13

The fig is one of the several hundred species of the gehus Ficus. We are familiar with the
Banyan (Ficus benghalensis), the Peepul (Ficus religiosa), Cluster fig (Ficus glomerata)
and the India rubber tree (Ficus efastica). The common fig is cultivated for its edible fruit.

13.2.6.1 Origin and distribution : Ficus carica originated in Asia Minor and spread to the
Mediterannean region. It is a plant of ancient cultivation in Egypt. It finds a mention in the
Bible. Itis now cultivated in Turkey, Spain, Portugal, United States of America, Chile, .. -

. Arabian countries, Iran, India, China and Japan. In India, the fig is grown in U.P, Rajasthan,

Punjab, Andhra Pradesh and Maharashtra.

13.2.6.2 Ecology : Fig wasps are necessary for cross-pollination and conSEq-uent develop-
ment of the fruit. The species of fig wasp are specific to a given species of Ficus. Thus
specific wasps must also be introduced along with the fig when it is to be cultivated in a new
area.

13.2.6.3 Botany : The fig plant is a small or moderate sized often deciduous tree with latex in
all parts. It grows up to |0 meters in height. The leaves are large, broadly ovate or nearly
orbicular, more or less deeply 3-5 lobed and conspicuously palmately veined,



The minute flowers arise in cymose inflorescences and several such inflorescences grow Fruils and Nuts
very close together, fused with each other and form a cup-shaped or pear-shaped structure

called the hypanthodium (Fig. 13.7). This is a fleshy hollow structure with a narrow mouth

having interlocking scales. There are 3 kinds of flowers in the hypanthodium:

)] male or staminate flowers,
i)  long-styled fertile female flowers, and

iy short-styled sterile female flowers |

The sterile flowers are also called gall flowers. In these gall flowers, the fig wasp lays its
eggs because of which no ovule is formed. The style is short and without stigmatic hairs. 3

Flower

Receptacle
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Fig. 1).7: Fieus carica. a) A branch of fig tree. b) Fig (ruit (cut open) ) pollination of fig fruit.

Cross-pollination by a fig-wasp (Blastophaga sp.) is essential for fruit devlelopment. Strictly
speaking, a fig cannot be called a fruit in the true botanical jense, because it does not
develop from flowers. Itis a syconium of fleshy receptacles containing a large number of
flowers which form the hypanthodium. Thus the syconium is formed by the swelling of the
entire floral shoot made up of the stem and numerous cymose inflorescences. The syconium -
is a pear-shaped structute variable in size and colour. It has a high sugar content, The ﬁg'
matures in about 3 months and consists of seeds developed in the fertile female flowers and
insect eggs contained in the gall lowers in about equal proportions. In the common figs
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there are no staminate flowers so that the fruits develop without pollination and have no
seeds. Annually two crops are produced. In the first crop the fruit are larger and more juicy
and usually eaten fresh. They are borne on the old wood. The second crop fruits are pro-
duced in the axils of the leaves. They are used fresh or are dried. The trees are usually
propagated by cuttings.

The caprifigs are wild figs that grow naturally in the Mediterranean region and Western Asia
and probably represent the primitive type. Although of no commercial value as fruit, they are
essential to the development of the Smyma fig. The life history of caprifig is closely con-
nected with small wasp (Blastophaga psenes) thal you have already read in the above
section. .

In Smyma figs no staminate flowers are produced, and consequently those figs are depend-
ent on cross pollination from caprifigs. This process is known as caprifieation and is brought

about artificially. Branches of caprifigs of the profichi crop are suspended on the Smyma tree.

The wasps, on emerging, enter the partly developed Smyma figs and the pollination is
completed, Smyrna figs have a superior nuity flavour due to the presence of fertile seeds.
They are the most important commexcial fig, and are extensively grown.

13.2.6.4 Uses : Fresh fig is a delicious fruit with a high nutritive value. It is fich in sugar and
minerals, and has a very short table life. Since the fruit deterioates very fast, large quantities
of figs are dried, preserved, or canned. The fig has many medicinal properties and is used in
the preparation of syrups and laxatives,

13.2.6.5 Cultivation : Selected high yielding delicious varieties of fig are commonly propa-
gated vegetatively by cuttings. Fig wasps must also be introduced in the area of cultivation
to ensure cross pollination,

SAQ1
1. Write the botanical name and the family of the following fruits.

Frult: Botanical name Family

a) Banana

b Common fig

..................................................... S
.c) Mango

d)  Pineapple

2 Name: )

a) N Two fruits which develop from a superior ovary:
0]
i ,
b)  Two fruits which develop from an inferior ovary:
) ) .
B
¢} Two fruits which belong to monocots :
)
D
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a)

b)

Match column I (name of fruit} with column II (important constituents)

Column I _ COtumn 1§

(Fruit) . (Important consituent)

a) Fig . iy Pectin

b) Gauva i) Sugars and minerals

¢) Mango ) . iii)  Starch/sugars and vitamins

d) Papaya ' iv)
Name one fruit characterised by the following features:

Chemical control of flowering and fruiting .
Name of the fruit:

Yitamin C.

Cross- pollination by Blastophaga wasp.
Narne of the fruit.

Write the name of the following fruits in
{a) your mother longue _
(b) any other Indian language.
Fruit " Namein mother tongue
Banana -
Fig -
Gauva . -
Mango -
Papaya -

Pineapple

Indian Lhnguage

13.2.7 Citrus Fruits

All citrus fruits are members of the family Rutaceae. They are different species of a single

genus Citrus and the common ones are oranges and lemons. Citrus fruits are rich source of
vitamin C and different fruit acids which are responsible for the taste and refreshing qualities’

of these fruits. The following table lists some of the well-known citrus fruits grown in India.

Table I3.1: Citrus fruits of India.

C. reticulata Blanco
C. sinensis (L.) Osbeck
C. paradise . Grape fruit-

Botanical Name Common English / Hindi Name
Citrus aqurantium L. Sour or Seville orange, Khatta

" C.aurantifolia Lime, Kaphzi-nimbu '
(Christm) Swing. .
C. grandis (L) Shaddock or Pummelo

" Osbeck
C. limon(L.) Burm f. Lemon, Baranimbu
C. medica L. Citron, Baranimbu

Mandarin or Tangerine, Santra
Sweet orange, Musambi, Malta

]

* A hybrid between different varieties of C. reticulata developed in [915 at the Citrus
Research Centre of the University of Califomia, has become very popular and is sold as
‘Kinnow’ in India.

Frults and Nubs
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Although individual species show characteristic features, it would be convenient to provide

" a general account of the genus Citrus.

13.2.7.1 Origin and distribution : The cultivated species of Citrus originated in the drier
monsoon areas of tropical and sub tropical regions of South East Asia. Natural hybridization
and selection resulted in the development of those fruits which had the greatest quantity of
Juice storing tissue as well as the most desired flavour. Several phenomena such as hybridiza-
tion, polyembryony, mutation, spontaneous preduction of autotetraploids, etc., have resulted
in the development of numerous cultivated forms of citrus. These are grown commercially in
tropical and sub tropical regions and it is often difTicult to determine the correct botanical
name of different species. Citrus fruits are commercially cultivated in the USA, ltaly, Sicily,
Spain, Greece, Argentina, Brazil, Mexico, Mediterranean Africa, South Africa, Japan, India,
Israel, and Australia. In India, Maharashtra, Andhra Pradesh, Kamnataka and the North
Eastern states are the major citrus growing regions. ’

13.2.7.2 Ecology : Citrus species are cultivated in tropical and subtropical regions. Most of
the commercial crop grown in subtropical countries yields better in dry climates.

13.2,7.3 Botany : The plants are small evergreen shrubs or trees. They are long-lived, much
branched and aromatic due to punctate oil glands present in all parts.

The stems may have thorns or spines which arise in the axils of (he leaves. These thoms
sometimes develop only on rapidly growing shoots. Shaot growth is cyclic alternating
between periods of rapid growth and dormancy. The leaves are apparently simple, but in their
ontogeny they are trifoliate compound.-Only the terminal leaflet develops fully while the two
lateral leaflets are reduced. The petiole is winged and often articulated at both ends, The
leaves are shiny, glabrous, fairly dark green and oval. They contain prominent oil glands in
the palisade tissuc.

Central axis

Juice vesicles

Membrane
(endocarp)

Developing seed

' Epidernal
cells

Central axis (©) Juice cells

Fig. 13.8; Gitrus sp. a) T.S. of fruit b) C.S. of n portion of the Citrus fruit ¢) A juice or pulp vesicle.,

- L e B T e frn'-r":-.n'nﬂ“ﬂ', 1.



The inflorescence is axillary on new shoots. It may consist of a solitary flower or of a small
cymose cluster. The flowers show ihe typical organisation of the family Rutaceae (see unit
21). They are bracteate, pedicellate, complete and generaily bisexual (but sometimes they are
unisexual also). A prominent nectar producing disc is present between the stamens and
ovary. The sweet scented flowers are generally white, but sometimes they may be pinkish.
The calyx is persistent and the petals have numerous oil glands.

The fruit is a large berry of a specialised type. 1t is called hesperidium (Fig. [3.8). The
shape, size, colour, and the consistency of the mature fruit vary in different species. Each
fruit has a thick protective covering called the rind. This is made up of tissues of the epicarp
and mesocarp. There are definite terms for describing the rind of citrus fruits. The exocarp is
called the flavedo and it is the coloured poriion of the peel, oil glands and crystals are found
in exocarp. This also consists of thin walled photosynthetically active parenchymatous cells.
In the young fruits these cells show photosynthesis, but as the fruit matures or ripens, the
chlorophyll breaksdown and the xanthophyll and carolene pigments become prominent. This
changes the colour of the peel to yellow or orange. Inside the flavedo is (he albedo or
mesocarp. This is the inner spoangy white portion of the rind. The cells in this region are rich
in sugars, pectin, vilamin C and glucosides. The edible portion of the fruit is thus prote¢ted
from injury and its quality is maintained. This inner endocarp region consists of several
closely packed carpel segments, each sutrounded by a thin transparent membrane. Each
segment contains a large number of multicellular vesicles which grow from the carpel walls.
They are filled with juice which contains sugars and acids, The more acidic fruits are bitter
or sour while the more sugary fruils are sweet. As the fruit ripens the amount of citric acid
decreases and the sugars as well as the aromatic substances increase. A large number of
seeds are embedded in these juice-filled vesicles. The segments containing the juice filled
hairs form the edible portion of the fruit. The seeds may contain only one embryo (devel-
oped from the zygote) or it may contain numerous embryos. In the polyembryonic seeds, the
embryos develop from the nucellus and thus these embryos have only the maternal charac-
teristics. In some Citrus species, seedless fruits are produced parthenocarpically. However,
pollination is necessary for inducing parthenocarpic development.

13,2.7.4 Uses : Several citrus fruits with sweet juice are eaten fresh as a dessert or in fruit
salads. They may also be processed into, juices, squashes, cordials and flavouring agents.
Fruits with acidic bitler taste are used for making pickles, lemonade drink and for flavouring
.food. Sweetand bitter fruits are used for making marmelades and in the manufacture of citric
acid. Essential oils extracted from citrus peels are used in perfumery, cosmelics, flavouring
and pharmaceutical industries. Pectin may also be extracled and used for making jelly and
confectionery products.

13.2.7.5 Cultivation : Citrus plants can be grown from seeds, but in most good varieties
seeds produce variation because of outcrossing. Besides, variation, plants grown from seed
start flowering and producing fruit after many years of vegelative growth. Therefore, in
commercial cultivation, selected varieties are propagated vegetatively. This ensures that the
desirable characteristics are retained and there are no genelic variations. Vegetative propa-
gation is carried out either by cutlings or by grafting. In raising plants from cuttings, a
“marcott™ is prepared by tying soil around a selected branch with or without ringing the
bark. This encourages rooting, and the rooted cutting is then planted in the soil. This is a
quick process and several uniform plants can be.obtained simultaneously. Root promolmg
hormones may also be used.

Graﬁing is carried out on selected rootstocks and care must be exercised to ensure that
species which are compatible are grafted. Local knowledge is essential for proper selection of
a healthy combination of rootstock and the grafted variery.

13.2.8 Melons

Twao kinds of melon, the watermelon and the muskmelon are commonly ‘cuitivated in India for
their delicious fruits. They are members of the family Cucurbitaceae which also provides a
large number of fruits used as vegetables in our country {see unit 14). The two melons zre
discussed here.

Fruits and Nuts
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. Table 13.2 : Names of some common melons.

Citrullus lanatus (Thunb) mansf, Water melon, Tarbooz
Cucumis melo var. Snap melon
momordila (Roxb) Duthie & Fuller Phesnt

Cucumis melo var. Muskmelon, Kharbuja
reticulatus ser.”

13.2.8a The Watermelon

Botanical name; Cifrulius lanatus (Thunb.) Mansf,
Family : Cucurbitaceze '

Comimnon name : Tarbooz

n=11

13.2.8a.1 Origin and distribution : The watermelon originated in tropical Africa and has
been in cultivation since ancient times in the Mediterannean region. It has also been culti-
vated in India since Pre-historic times, Now, itis WEdely grown in the drier areas of the
tropics. Watermelons are also cultivated in Southern Europe and in Central and South
America.

[ e E Bt S Bt Co it i B T —ﬂhﬁmiv‘rnl H

13.2.8a.2 Ecology : Watermelons grow best in regions having a hot dry climate and plenty of
sunshine.They are fairly drought resistant and do not withstand water logging. They grow
best in sandy soils, such as riverbanks.

13.2.82.3 Botany : The watermelon plant is a slender herbaceous annual spreading on the
ground. It has a very extensive and superficial root system. The weak stem is angular,
grooved and covered with white hairs, The plant has forked tendriis. The long pelioled
leaves are simple, large and pinnately [obed. The lobes are further divided, broad at the apex
and have semrate margins, Unisexual flowers arise in the leaf axils. The female flowers are
fewer in number when compared to the male flowers. The flowers have the charagterislip '
organisation ofthe family Cucurbitaceae (see unit 21) and they are pale yellow. The fruitis a
large, globose or oblong, fleshy berry like structure called the pepo. The rind {outer covering
region) may be fully green, or striped or mottled, hard and glabrous. It encloses the red, green
or whitish flesh which is usually sweet. It also contains many seeds which may be white,
black or reddish. The seeds are flat and smooth (Fig. 13.9).

13.2.8a.4 Uses : The juicy sweet pulp of the ripe fruit is.eaten fresh. It serves to quench -
thirst in desert areas. The seeds can be roasted and eaten. An (edible oil extracted from the
seeds is used in cooking. Watermelon juice is used as a growth promoter in tissue cultures.

13.2.8a.5 Cﬁltivation : Plants are propagated by seed. The fruits are ready for harvest 4-5
months after sowing the seed. Ripe watermelons require careful handling as they are easily
damaged and cannot be stored for more than 2-3 weeks.

13.2.8b The Muskmelon

Botanical name; Cucumis melo Linn, var. reflcufatus Ser.
Cotnmon name: Kharbuza
n=1712

13.2.8b.1 Origin and distribution : The muskmelon is believed to have originated in tropical
Africa where several wild species of the genus Cucumis are common. Itwas introduced in
India, China, Iran and other countries. It is now grown worldwide in warm temperate coun-
tries and in hot dry tropical areas.

13.2.8b.2 Ecology : The crop requires plenty of sunshine and a hot dry climate. Tt grows best
in rich loamy soils and will not tolerate high acidity,
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Fig. 13.9 : Citrullus lanaius. a) flowering shaot b) male flower ¢) female flower d) fruit e)
fruit in L.S.

13.2.8b.3 Botany : The muskmelon plant is a very variable trailing herbaceous annual. All
parts of the plant are hairy. The root system is wide spread and superficial. The stem is
ridged and has bicollateral vascular bundles (a characteristic feature of the family,
Cucurbitaceae). The large simple leaves are allernate and have a long petiole. The lamina is
tobed, dentate, and has a cordate base. Simple tendrils arise in the leaf axils. The flowers are
generally unisexual but sometimes a few bisexual flowers may also develop. The male flowers
are in cymose clusters while the female flowers are solitary. They have short peduncles and
a characteristic organisation of the family Cucurbitaceae. The flowers are yellow. Fruits
develop from female and bisexual flowers. The fruits vary in shape and size. They may be
smooth or furrowed (Fig. 13.10). The rind may be smooth, reticulate or rough and its colour
may vary from green or yellowish to brownish. The delicious juicy flesh also varies in colour
from yellow to pink or green. The sugar content varies in different varieties and the fruit
contains vitamin A. A large number of white, flat, smooth seeds are present in the centre of
the fruit.
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Fig. 13.10 : Cucumis melo. a) Nlowering shoot. b) male flower c) female flower d) fruit ) fruit in
L.S. .

13.2.8b.4 Uses : The ripe fruits are eaten raw as a delicious dessert fruit. The seeds are dried
and after dehusking are used in confectionery. Some varieties of fruit are cooked and eaten as

a vegetable.

13.2.9 The Litchi

Botanical name: Litchi cliinensis Sonn.

‘Family : Sapindaceae

Common name : Lichi
n=11

The litchi is an interesting fruit in which the fleshy juicy aril surrounding the seed is edible
(This plant family also includes the more well known soapnut trees, Sapindus saponaria, the
fruits of which contain saponins which form a soapy lather with water). K
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13.2.9.1 Origin and distribution : The litchi originated in southem China and has spread Fruies and Nuts
widely throughout the tropics. It grows well at higher altitudes. It is cultivated in India, :

Myanmar (or Burma), Indochina, Thailand, Japan, Australia, New Zealand, Hawaii, USA,

Brazil, West Indies and South Africa. In India it is cultivated in Uttar Pradesh {mainly in

Dehra Dun, Saharanpur and Muzaffamagar), Bihar {inainly in Muzaffarpur and Dhanbad}, the

North Eastern States, West Bengal and Punjab. Tt has been introduced in Bangalore and

other parts of South India, but it does not set good fruit.

13.2.9.2 Ecology : The plant is rather exacting in its requirements of soil and climate.
Fruiting requires a cool dry season. The plant prefers a humid atmosphere but tolerates no
frost, Jt requires abundant soil moisture and grows well in deep loamy soil.

13.2.9.3 Botany: The litchi plant is a dense evergreen tree 'growing 10-12 meters in height.
It has a broad rounded crown with glossy-green foliage. The leaves are paripinnate with 2-9
cblong and coriaceous leaflets. The small flowers are inconspicuous, greenish white to
yellowish. They arise in large terminal panicles. The flowers are unisexual. The fruit is a
botanical nut which is globose or oblong. It develops in clusters on the paniculate inflores-
cence. Each fruit is covered by a dark or light red (or sometimes yellow) exocarp {or rind).
This is faintly or sharply tubercled and brittle. It contains a single large dark brown elliptic
seed, surrounded by a white, fleshy, sweet and juicy aril. This translucent structure is an
appendage or outgrowth from the funiculus (Fig. 13.11). Itis regarded as the third integu-
ment of the seed and it is the edible part of the litchi fruit. The seed contains a curved
embryo.

Fig. 13.11: The fruits of Litchi.

13.2.9.4 Uses : The mature fruits are consumed as a delicious dessert fruit from which the
Juicy sweet aril is eaten. After harvesting the fruits, the rind starts losing its colour. Simulta-
neously the aril becomes sweeter due to the conversion of complex carbohydrates into

sugars. The aril can also be preserved and processed into a squash which is consumed as a
refreshing drink.

13.2.9.5 Cultivation : The litchi is usually propagated vegetatively and such trees start
bearing fruit in 4-6 years.

13.2.10 The Pomegranate

Botanical name: Punica granatum Linn.
Family: Punicaceae

Common name : Anar

n=28

The well-known pomegranate or Punica granafum is an interesting plant in many ways. This
and the species P. protopunica are (he only two species of the family Punicaceae.
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13.2.10.3Origin and distribution : The pomegranate originated in the area from Iran to
Afghanistan and Baluchisian. It was well known in ancient Egypt and was grown in the
famous Hanging Gardens of Babylon. It spread around the Mediterranean regions and
eastwards to India and China. It now grows wild in the warm valleys and hills of the Himala-
yas. It is cultivated throughout India, and Maharashtra and Uttar Pradesh are the major
pomegranale producing stales. It is also grown in most parts of the tropics and subtropics.

13.2.10.2 Botany': The pomegranate plant, 2-4 meters in height, is cuitivated as a bush or
small trees. It is highly branched-with branchlets somewhat spinescent, The leaves are
opposite, short petioled, shining dark green and obovate. The flowers may be orange-red,
solitary or in clusters of 2-4. The fruit is berry like, brownish yellow and red. It has a leathery
exocarp surmounted by a persistent calyx. The fruit contains numerous seeds. Each seed is
swrrounded by a pink-red juicy pulp (Fig. 13.12). The inner region of the fruit becomes
septate due to the development of membraneous walls.
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Fig. 13.12 : Punica granatum. a) A flowering branch b} flowers ¢) Alower in'L.S., d) fruit. e} fruit
in L.S.
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13.2.103 Uses : The juicy pulp surrounding the seeds is the edible portion of the fruit. Lhe
fresh seeds are eaten s 2 dessertand a delicious refreshing drink can be made by extracting
. the amethyst coloured juice from the seeds. The fresh seeds may also be eaten as a salad.

The driéd ceeds are used as 2 condiment for flavouring food. They may be used whole or in
a granulated!powder form. It provides 2 deticious sweet and sour taste to the food. The
roots, and seeds have medicinal properties. _

‘Seyeral types of pomegranate are cultivated. They vary in the shape, and size of the fruit,
colour and thinness of the exocarp, taste and colour of the ceeds. The so-called seedless
varieties have soft seeds in which the testa is not lignified. Some varieties are cultivated as
ornamentals in gardens for their showy flowers.

13.2.10.4 Propagatlon : The plant is propagated by seed or by cuttings. The plants start
producing fruit in the 4th year and the fruit ripens in about 6 months after flowering,.

13.2.11 The Pome Fruits

The family Rosaceae is one of the most important fruit family. The pome fruits include the
apple and pear, species indigenous 10 Europe and Asia. The stone fruits belong to the genus
Prunus - peach, chermy, plum, and apricot; The berry fruits-blackberry, raspbery and straw-
berry, aré also important.

Here we will describe in detail apple and pear two important fruits obtained from plants of the
rose family. These are characterised by 2 special type of fruit called pome. This fruitisa
psaudoca}p (false fruit) in which the mature ovaries are surrounded by the enlarged and
fleshy receptacle and other acCessory pars. Actually, the floral axis forms a deep cup-like
structure in which the carpels are embedded. The hard or stony endocarp of the fruit en-
closes the united carpels. Each carpe! has one or two ovales which mature into seeds. The
exocarp and the mesocarp become fleshy- The edible part of the fruit is actually the enlarged
fleshy receptacle or floral axis. This.stores a large amount of food and water. It may be soft,
crisp, or hard. In apple stone cells are not found while in pear, the stone cells are abundant in
the edible flesh.

13.2.11a The Apple

-‘Potanical name: Malus pumila Mill. Syn. Malus sylvestris (LY Mill;
Family: Rosaceae

Common name : Seb

n=17

13.2.11a.1 Origin and distribution : The apple has been cultivated since ancient times and
is the most important fruit of the temperate regions of the world. Ttoriginated in the moun-
tainous region between the Western Himalay2 and the Caucasus mountains and Asia Minor.
1t is widely cultivated in many parts of the world. The major apple growing countries are the
U.S.A., Western and Eastemn Europé, Japan, Australia and India. As an horticultural/
agricultural occupation, apple cultivation was started in the hills and plains of northem India
in the middle of the 18th century. An important orchard near Shimla started in 1887 has a very
large number of varieties of apples. Besides Shimla, the Kullu valley is also an important |
apple growing region of Himachal Pradesh. Kashmir is the home of a distinct variety of apple
called “Ambri". Apples are also grown in Almora, Garhwal,and Nainital districts of Uttar
Pradesh. Apple cultivation has also been undertaken in Bangalore and the Nilgiri Hills in
South India.

Box 13.1: Malus- The bad.

The apple has been involved in folklore since ancient time. In the book of Genesis,
Eve was tempted by a serpent and took a bite of a forbidden fruit which most people
have assumed was an apple. The generic name of the apple Malus after the Latin
«malus” meaning bad, was chosen because of the presumed role of the fruitin the
downfall of man. ’

13.2.11a.2 Ecology : The apple is basically 2 cold season crop capable of withstanding low
winter temperatures. Winter conditioning or chilling is essential for successful fruit develop-
ment. Insufficient chilling jeads to poor and uneven fruiting. A large number of flowerbuds
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ST YR TR AL MR AL S MUL aULLIGIEINLY €O O 10Ng.  [his leads to abscission and fall of
flowers dnd young fruits. Therefore, apple cultivation is carried out in regions having a low
winter temperature and an annual average rainfall of 60-75 cm.

Apples grow best in well drained deep fertile loamy soils containing small amounts of lime,
Adequate nitrogen and moist soil promote proper fruit development. Although hardy, they
are susceptible to frost.

13.2,11a.3 Botany : The apple plant is a low spreading tree with a rounded crown. It can
grow up to 15 m in height. The leaves are borne on short shoots or spurs. They are simple
ovate or elliptic, have bluntly serrate margins and are dull green,

[

The flowers arise in umbel like cymes on short shoots which are atleast 2 years old. They are
intermixed with leafbuds. The flowers are white to pink. Many of the flowers abscise soon
after anthesis, while others drop after pollination as young fruits, Only one frujt matures on
each inflorescence on the spur.

It T 1Y

The fruit is a pome consisting of a fleshy edible portton which develops from the receptacle.
This ercioses the united carpels containing the seeds. The fleshy edible receptacle forms the
pericarp (exocarp and mesocarp) while the cartilaginous or bony dry paper like centre of the
fruit forms the endocarp (Fig. 13. 13). The skin may be green, vellow, or red, ormay develop
two or all three colours. It stores large amount of water and food material. Numerous varieties
of apples are classified on the basis of characteristics of the fruit,

I e S

Young fruits contain starch, pectin and malic (90-95% of total acidic content) acid while
mature fruits have more sugars, minerals, proteins and other substances. The characteristic
flavour of apples is due to the presence of essential oil and amy esters of organic acids.”

Seed
Endocarp
Exocarp -
and Mesocarp

Core line

{_Pith of Receptacle

Cortex of Receptacle

©

Fig. 13.13; Malus pumila. a) A fruit spur of apple. b) L.S, of apple fruit c) C.S. of apple fruit,

13.2.11a.4 Uses: Apples are consumed as an important dessert fruit. About half of the total
world production is consumed as fresh fruit. The fruits may also be processed or made into
Jjams, jellies, murabba, apple sauce, apple butter and apple juice. Unfermented apple juice is
cailed sweet cider while the fermented aleoholic juice is called hard cider. Vinegar can also be
manufactured from apple juice. Pectin is manufactured as a by-product of the apple juice
industry. The apple wood is hard and is used for tool handle and as firewood.



13.2.11a.5 Cuitural practices : Apples are usually vegetatively propagated by budding or * Fruits and-Nuls
grafling. When fruit set is heavy, thinning is necessary 1o maintain a balance between
vegetative growth and fruit production. This practice also improves the eolour, size and

X 1. Hormones spraycd to
quality of the fruit.

prevent premature fruit
drop.

2. Bee-keeping to give
plenty of pollinators.

Apples are harvested when fully ripe and care must be taken 1 avoid any injury because
this initiates decomposition. Ripe fruits can be stored for long periods in cool-well ventilated
storehouses.

13.2.11b The Pear

Botanicai name : Pyrus communis Linn.
Family : Rosaceae
Common name : Nakh

“n=17

13.2.11b.1 Origin and distribution : The pear is closely related to the apple and stands next
to apple amongst temperate fruits. It originated in Europe. Pears are cultivated in Germany,
Italy, France, Switzerland, Japan, India and the United States of America. In India it is
cultivated on a much smaller scale than the apple. It is grown in Kashmir, Uttar Pradesh and
Himachal Pradesh.

13.2.11b.2 Ecology : The pear plant is less hardy and grows in a warmer climate than the
apple. It grows well in deep and warm soil which is water retentive. Like the apple, it does
not tolerate frost at the time of flowering. The crop is damaged if there is heavy rain or
hailstorm at fruiting. Thinning helps to maintain the balance between vegetative growth and
fruit production.

13.2.11b.3 Botany : The pear plant is a small tree with a pyramidal crown. The leaves are
simple, orbicular or ovate to elliptic with a crenate to serrate margin. The flowers are white
and similar to those of apple.

The fruit is a pome and it is variable in shape and size. It may be turbinate or globose.The
skin is green while the edible portion or flesh is translucent white (Fig. 13.14). This may be
soft and juicy or it may be crisp, hard and dry. It contains numerous gritty coneretions or
stone cells. The flavour of the fruit is not as variable as that of the apple.

Flowering per branch

(c)

Fig. 13.14: Pyrus sp. a) flowering branch of pear b) flower in L.S. ¢) fruit in L.S.
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Economic Botany 13.2.11b.4 Uses : The fresh fruit is consumed as a table fruit, or it may be processed into
Jams and jellies like the apple.

SAQ2
. Match cc;lumn_l (fruit) with column I1 (centre of origin)
Column [ Column 1t
(@) Apple (D Tropical Africa
(b) Citrus . (i) Southern China
(¢) Litchi . (i) Europe
. (d) Melon (iv) Tropical S.E.Asia
h (e) Pear (v) Iranto Afghanistan
) (f) Pomegranate (vi) AsiaMinor.

2. Write True (T) or False (F) against the following_statements in the box.
(a) The lemon fruit is a special type of berry.
(b} The edible portion of the litchi is not a true fruit.
(¢} The fruit of pomegranate is a pepo.
(d Apples develop on newly developed young shoots.

— e e ey
e md e bt

{e) Pears are classified as fleshy fruits.
3. a) three fruits which develop'from ovaries having axile placentation.
@
(i)
(iif)
b}  Name two fruits which develop from ovaries having parietal placentation,
0
(i)
4. Describe with examples:

a) Hesperidium

............................................
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5. Write the botanical name and the family of the following fruits. Frults and rfluts

Fruit Botanical Name Family
(a) Mango
{b) Mandarin
(c) Pear
(d) Watermelon
6.  Name the fruits which have the following characteristics.
a) Amyl esters of organic acids
b) Fleshy Aril
¢} Polyembryonic seeds

d) Vitamin A.

13.3 NUTS

Nut is the popular name for many kinds of dry edible seeds or fruits which grow in a woody
shell. In botanical terms, a nut is a one celled, one seeded dry fruit with hard pericarp (shell).
Thus the cashewnut and walnut are true nuts while the almond, coconut and pistachio nut
are not true nuts in the botanical sense since the fruit in these cases is a dupe. The so-
called nut is a one-seeded structure enclosed in the hard woody endocarp. You shall study
about the nuts in a popular sense and not in the strict botanical sense of the term.

Most people eat nuts as snacks or use them to flavour food. The nuts are rich in protein and
fat, but some contain starch also.They are good sources of vitamins and minerals and
provide sufficient energy for activating the body. Nuts serve as important items of the diet of
mountaineers, hikers, defence forces personnel and others.

Nuts are obtained from a large number of species of plants, but only about 25 kinds of nuts

-are cultivated and are of economic importance. Like the cereals (unit 1 1) and legumes (unit
12) nuts can be handled and stored easily. In the following pages, you shail be able to study
some of the more well-known nuts,

13.3.1 The Cashew Nut -

Botanical name; Anacardium occidentale Linn,
Family : Anacardiaceae

Common name: Kaju

n=21

In this unit, you have studied about the mango and learnt that it is the “king of all fruits” in
India. Like mango the cashew also belongs to family Anacardiaceae. The intemnational trade
in cashew and its products is monopolised by India.

13.3.1.1 Origin and distribution : The cashew nut tree originated in tropical areas of
America (from Mexico to Peru and Brazil) and the West Indies. It was introduced to other
countries by the Portuguese and is now widely distributed throughout the tropical regions
of the world. It was first introduced in India in the 16th century 1o be grown as a soil-binder
along coastal areas so as to control soil erosion, It is now widely cultivated in the coastal
areas of Kerala, Kamnataka, and Tamilnadu. It is also grown in Assam, Maharashtra, Goa,
Orissa and West Bengal. india is the leading cashew producing country of the world.
Mozambique and Tanzania also produce targe quantities of cashew and they send the nuts
to India for processing. The cashew is exported mainly to North America and Europe.

13.3.1.2 Ecology : Cashew is hardy and drought resistant. It grows in tropical climates.
Proper growth is obtained in sandy soils with good drainage. Cashews are usually grown
from seeds. In recent years, vegetative propagation techniques have been perfected.
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In mango also only 0.1%to
0.25% of the bisexual lowers
in a tree set fruit.

90

13.3.1.3 Botany : The cashew nut plant is a spreading medium sized evergreen tree. It grows
to a height of 12 meters. The trees are shaped, for easy harvest, by removing the lower
branches during the first three years of growth.The leaves are alternate, simple, obovate, with
a rounded apex which is usually notched in the centre. The margin is entire and tapers to a
short petiole which is swollen at the base. The veins are prominent and the leathery leaves
are glabrous. The inflorescence is a terminal panicle having male and bisexual flowers in the
ratio 6:1. Each terminal inflorescence has about 60 bisexual flowers of which only 5 or 6
produce fruit, the remaining 90% do not produce mature fruit. Physiological causes lead to
early fruit fall.

The fruit is a greyish brown kidney shaped nut with a hard shell. It is embedded in a structure
called the “cashew apple”.This is an enlarged and fleshy structure formed by the growth of
the receptacle and pedicel of the flower. It becomes pear shaped juicy and shiny red or yellow
(Fig. 13.15). It has a characteristic odour for attracting the insect pollinators. The flowers are
pollinated by flies, ants or other insects and the nut matures in 2-3 months. Each nut contains
a single seed with two large white cotyledons. The seedcoat or testa is reddish brown. The
fruits are harvested when they are fully ripe. They are dried for 2-3 days to reduce the
moisture content and then processed before the nuts are marketed. ’

(c)

[/\
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Fig. 13.15: Anacardium occidentale. a) A branch of cashew nut bearing leaves and ﬂuwer-b)
mature fruit ¢} male and female flower.

13.3.1.4 Cashew processing : Raw cashew nuls contain large amounts of phenclic cils in.
the shell. These oils have an astringent flavour and cause burns and blisters on the skin.
The oils have to be removed before the nuts can be marketed. The raw nuts are roasted in
sand or ashes over a fire, to remove the oils from the cashew shells,
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The shell oil can be used. Therefore, the raw nuts can also be roasled in an oilbath to extract
the oil. By this method, the nuts are roasted uniformly and there is a higher recovery of the.
shell oil. The oil may also be extracted by passing the raw nuts through organic solvents or

. steam. ARer removing the oil from the shell, the nuts are split to obtain the seed with the
seed ceat. This process is carried out manually as also the removal of the sced coat. The'’
cashew kemnels are then graded and vacuum packed.

13.3.1.5 Uses : The kidney shaped cashew kernel commonly calied the cashew nut is eaten
as a dessert nut and used in confectionery. It may be eaten raw: or it may be salted or even
fried in oil. Roasted kernels are also eaten. Besides the delicious nut, the “cashew apple” is
also edible.This is not a “true fruit”, but it is used in the same manner as the apple.

. The juicy “cashew apple™ is used for miaking jam or it may be fermented to make a wine called
“feni” or “caju wine”. The oil extracted from the shell is used as a water-proofing or as a
preservative. It can be distilted and used in insulating varnishes, manufacture of typewriter
rolls, brake-linings, inks, oil-and acid-proof cements etc. Indelible ink (used for marking the
skin during elections) is made from the sap obtained from the tree bark. Adhesives are made
from the gummy exudate from the stém.

13.2.2 The Pistachio

Botanical name: Pistacia vera Linn.
Family : Anacardiaceae

Commeon name : Pista

n =15

The Pistachio is the third economically important plant of the mango family. This is some-
times called the green almond but it is in no way related to the true atmond.

13.3.2.1 Origin and distribution : The pistachio originated in Central Asia. It is commonly
found in the eastern Mediterranean region, Iran, Afghanistan, and Central Asia. It is
cultivated in Italy, Turkey,Syria, Iran, Afghanistan, Lebanon and other areas of the Mediter- -
ranean region. The pistachio is also cultivated in South West Asia, and in the states of

California, Texasand Arizonia ofthe U.S.A. We import large quantities of pistachio from Iran
and Afghanistan,

13.3.2.2 Ecology : The plant can be grown on poor soils, in dry locations and at high
altitudes. A long winter for chilling the plants is necessary to initiate flowering and fruiting
in spring. Thus the plants withstand cold climates.

13.3.2.3 Botany : The plant is a small branched deciduous tree growing up to 10 meters in
height. The leaves are compound with 3-7 leaflets which are broadly ovate, leathery and
produce a sticky resin, The trees are didecious and produce small flowers in axillary race-
mose clusters. Generally, the flowers lack petals. The female flowers have 2 or 3 carpels.
However, only one carpel contains an ovule which develops into the seed.

The fruit is a small drupe and its outer husk (exocarp and mesocarp) is variously coloured

and separates from the bony endocarp. This hard shell tends to open at the edge when the

“nut” is mature (Fig. 13.16). It encloses a single light-yellow to deep green edible kernel with
a thin reddish testa. Each seed contains two large cotyledons.

13.3.2.4 Propagation : The plants are tisually propagated vegetatively by grafting selected
varieties on seedling rootstocks. Since the plants are dioecious, fewer male plants and more
female plants are grown in orchards. Sometimes, a male branch may be grafted on a mature
female tree so that there is no need for separate male trees in the orchard. The pistachio tree
survives for a long period and, like the mango, it generally shows alternate bearing.

13.3.2.5 Uses : The edible kernel has a delicious nutty flavour. Tt may be eaten as a nut or it
may be powdered and used for flavouring milk, ice-cream, confectionery and other food
items. The kernel may be salted while still in the shell by placing the nuts in a salt solution
(brine) and then drying them. The nuts may also be roasted. The resinous exudate obtained

from the leaves contains large amounts of tannin which is used for dyeing and tanning
leather, '

Fruits and Nuts
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Fig. 13.16 : Pistachia vera. (a) A flowering branch of Pistachio nuts (b} male inflorescence. (c)
male flower (d) female flower (e) L.S. of ovary.

13.3.3 The Walnut

Botanical name: Juglans regia Linn.
Family : Juglandaceae

Common name : Akhrot

n=16

There are several kinds of walnuts but the common walnut is the most important. This is also
called the Persian walnut or the English walnut. Besides this common walnut, the black
walnut (Jugians nigra Linn.) and the white walnut or butternut (Juglans cinerea Linn.} are
also grown in USA and Canada,

13.3.3.1 Origin and distribution ! The genus Juglans has about 12 species disiributed in
North and South America and also from Southemn Europe to Eastern Asia. The most widely
known species is Juglans regia or the common walnut. It originated tn Persia (and is
therefore called the Persian walnut). This species is widely cultivated in Southern Europe
(hence the name European walnut), as well as in China and other parts of Asia including
India. Jammu and Kashmir is the main walnut growing region in India. Itisalso grown in
Punjab, Himachal Pradesh and Uttar Pradesh.

The common walnut has been introduced in the states of California and Oregon of U.S.A.
This is different from the black walnut which is grown for its wood in many parts of U.S.A.
Sometimes the nuts of this species are also collected. The white walnut is cultivated in
Canada and North America for the nuts which are used for making walnut butter.

13.3.3.2 Ecology : The walnut tree occurs at altitudes ranging from 1000 to 3500 metres. The
tree requires a frost-free climate in spring and the absence of extreme heat in summer. The
trees coppices well and is propagated by seed. The trees start bearing at 8-10 years and may
continue to fruit for 100 years,

13.3.3.3 Botany : The plant is a large-deciduous monoecious tree with tomentose shoots. It
may grow 30-35 m. In cultivation, it is trained to spread out with a shorier trunk. The leaves
are alternate and imparipinnate with 5 to 13 leaflets which are subsessile, elliptic to oblong
lanceolate and entire. The flowers are unisexual. The male flowers develop in long pendu-
lous catkins which the female flowers occur in 1-3 flowered terminal clusters:
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The fruit is green ellipsoid or globose drupe that cracks open on ripening. The leathery . Fruits and Nuts

exocarp encloses a hard woody endocarp which is two-valved and wrinkled, and contains a
single iarge edible non-endospermic seed. The seed is corrugated and conforms to the
interior of the nut. Two large oily cotyledons fill up the shell of the nut. Each cotyledon may
become 2-lobed at the base making the seed 4-lobed. In its morphology, the cotyledon
sk.ows a superficial resemblance with the human brain (Fig. 13.17). The testa is bitter in
young seeds, but in mature seeds it loses its bitter taste.

Female (ovulate) flowers

= , Stigma

P . /
A SR
Male (sltaminate) 5 Ovary

flowers )

Stamens

Walnut hull =~
(exocarp + mesocarp) (d)

Bony endocarp Cotyledons

Fig. 13.17: a} branch of walnut; with male and female flower b) female flower c} male flower
d} fruit ¢) long endocarp i) cotyledons.

13.3.3.4 Uses : The walnut has been used as a food since ancient times. The seed kernel is
eaten as a dessert nut or dry fruit especially in winter in Northern India. 1t is also used in
confectionery and ice creams. The nut contains proteins, fats, minerals and vitamins.

The immature fruits are a rich source of ascorbic acid. They may be pickled in vinegar. A pale
greenish-yellow or almost colourless drying oil is extracted from mature nuts. It has a
pleasant odour and a nutty flavour. It is edible and also used in the manufacture of paints,
varnishes, printing inks and soaps. Walnut wood is used for making furniture and curios etc.
The bark is used for cleaning teeth known as “dundasa”.

13.3.4 Almond

Botanical name : Prunus duleis (Mill.) D.A.Webb
(Synonym Prunus amygdalus Batsch)

Family : Rosaceae

Common name; Badam

n=_§

The family Rosaceae is economically important in many ways. You have studied about the
pome fruits - the apple and the pear -in this unit. The almond, which also belong to the rose
family, is the world’s most popular nut used by man since ancient times. Interestingly, the
fruit is not a pome, but it is drupe with a hard woody endocarp containing the seed.

13.3.4.1 Origin and distribution : The almond originated in South West Asia and is widely

grown in countries of the Mediterranean region. The important almond growing countries are

Spain, Portugal, ltaly, Turkey, Greece, Tunisia, Morocco and Iran. Almonds are also grown in

the state of California of U.S.A. and in South Auslralia as well as South Africa. In'India,

almonds are cultivated in Kashmir, Himachal Pradesh and in the hilly tracts of Uttar Pradesh.

Best almonds come from Baluchistan (Pakistan). 93
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13.3.4.2 Ecology : The almond plant requires a subtropical climate. A frost free growing
season and fairly warm weather during fruit ripening are essential for proper growth of the
plant. Adequate rainfall of about 60 cm annually is required for obtaining a good crop.

13.3.4.3 Botany : The almond plant is a small deciduous tree growing to a height of

8 meters. In cultivation, it may be trained to grow as a low spreading tree to facilitate easy
harvest of the nuts 3ince these are hand-picked. Gum is formed by the'disorganization of the
wood and this forms a shining white or pale yelloWw exudate on the stern and branches. The

leaves are simple, alternate, oblong-lanceolate or long pointed with a minutely serrate margin. -

In spring, the colourful blossoms generally appear before the leaves thus making the plant
(or the entire orchard) very attractive. The flowers arise in small clusters of 1 to 3. The fruit
is a drupe with a green pubescent exocarp, a tough leathery mesocarp and stony endocarp.

.As the fruit ripens, the exocarp and mesocarp split to expose the pitted stony endocarp

which may be thin or thick. It bears a longitudinal seam along which it splits. There is one
(sometimes two}) long, oval flattened seed with a brownish seed coat, having two large,
fleshy planoconvex cotyledons. This seed is the delicious nut of the beautiful almond tree
(Fig. 13.18). .

There are different kinds of almonds depending upon the size of the nut, the texture
(woodiness) of the endocarp and the taste of the seed. Some almonds are sweet while others
are bitter. The bitter almonds contain a poisonous glycoside called amygdalin. This is easily
converted into prussic acid (also called hydrocyanic acid) which is responsible for the
unpleasant bitter taste of the almonds.

13.3.4.4 Uses : Sweet almonds are a popular delicacy. They may be eaten fresh, roasted or
fried. They are extensively used in confectionery, sweetmeats, puddings, etc. In powder
form or blanched kemnels, almonds are added to milk to make a nutritious drink.

Bitier almonds are usually grown for extracting oil from the nuts. The prussic acid removed
from the oil is used as a flavouring agent. Oil from sweet almonds is used medicinally and in
cosmetics.

Flowering branch

(v

Bony cudacarp with seed inside

Fig. 13.18: Prunus dulcis. a) A Nowering branch b) Mower ¢) flower with developing fruit d fruit
with seed e) seeds.
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- 13.3.,5 Chestnut ‘ Fruits and Nuts

Botanicaimame: Casianea sativa Mill
Family: Fagaceae

Common name : chestnut

n=12

Unlike the alimond, pistachio and walnut, the chestnut is a “true” nut in the botanical sense.
It has more of carbohydrates and less of proteins and fats.

13.3.5.1 Origin and distribution : There are about |0 species of the genus Castanea which
are distributed in the north temperate region.The most important of these is Castanea sativa .
which is called the sweet chestnut or the European chestnut. This species is a native of the
mountain forests of western Asia, Europe and North Africa. In India, it is cultivated in many
parts of the Himalayas, especially in Punjab, Darjeeling and the Khasi Hills. ltaly is the
leading producer of sweet chestnuts. Other countries which produce chestnuts are Spain,
Portugal, Turkey,Greece, France and Japan. -

13.3.5.2 Botany: The chestnut plant is a large evergreen tree attaining a height up lo
45 meters. The lea*es are spirally arranged oblong-lanceolate with a coarsely toothed margin.

The flowers are unisexual. The male flower occur in largé catkins and the female flowers are
generally borne in three's. The fruit is a one-seeded nut with a leathery or hard pericarp.
Thus in each inflorescence, 3 nuts devetop. These are surrounded by the cupule. The scale-
like structures of the cupule become hard and spine-like. The cupule splits as the nuts ripen
(Fig. 13.19). The nuts are triangular, deep brown and exalbuminous. There are two large
wrinkled cotyledons which contain large amounts of starch and sugar and very little protein
or fat.

Fig. 13.19 : Castanea sativa Chest nut. a) A flowering branch of chestnut b) male flower (c)
femnale flower d) nuts.

13.3.5.3 Uses: Chestnuts have been used as an arlicle of food for many centuries.

Because of their high carbohydrate content, chestnuts are as important as wheat vr corn in )
- 95
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Europe. Like other starchy foods, these nuts arc usually cooked, or boiled or roasted and
then consumed. Flour is also made from the nuts and used as an article of food. It is rich in
starch, other polysaccharides, sucrose and minerals. Tannin obtained from the wood is used
in (he tanning industry. The [eaves and bark also contain tannin,

SAQ3
.  Name
(a) Three nut producing plants in which the fruit is botanically a drupe,
®
(i}
(iid)
(b} Two nut producing plants in which the fruit is botanically a nut.
®
(i}
2 Name the nuts which have the following constituents:
(a) Ascorbic acid
(b) Prussic acid
(¢) Starch, sucrose and minerals

3. Write a brief note on the cashew apple.

13.4 SUMMARY

® In this unit, you have been provided detailed information-about different fruits and nuts.
The definition of the term fruit in common terms as well as in botanical (scientific) terms
has helped you to understand this structure in a better manner. The different kinds of

fruits and their botanical characteristics have been listed so that your study of fruits and
nuts is facilitated.

® You have studied about the origin, distribution, ecology, botany and uses of the well-

known fruits and nuts. The following table summarises some impertant information you
have obtained,
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Table 13.3 ; Fruits.
Fruit/Nut Botanical Name  Family Centre of Botanicel Characteristics
Origin

Ma;'lgo Mangifera indica  Anacardiaceze  Indo-Burma Large evergreen tree; fruit is

a drupe alternate bearing due
) to mineral imbalance

Banana Musa: poradisiaca Musaceae S.E. Asia Giant perennial herb; fruit isa

var. sapienfum berry

Pineapple Ananas comosus  Bromeliaceae South America perennial herb with
xeromorphic characters; fruit
is a syncarp,;

Papaya Carica papaya Caricaceae Southetn Mexico  Small tree with softwood;
fruit is a berry.

Gauva Psidium gugjava  Myrtlaceae Tropical America Large shrub or small tree with
spreading branches; fruitis a
berry.

Fig Fieus carica Moraceae Asia Minor Moderate sized deciduous
tree; {ruit is a syconium,
special fipwasps necessary for
pollination and fruit formation.

Sweet Orange Citrus sinensis Rutaceae South East Asia  Small evergreen tree; fruitisa
hesperidium.,

Lemon Citrus fimon Rutaceae South East Asia  -do-

Watermelon Citrulius lanatus

Muskmelon Cucumis melo

Litchi Litchi chinensis

Pomegranale Punica granatum

Apple Malus pumila

Pear Pyrus communis
Cashew Anacardium
occidentale
Pislachio  Pistaciavera
Walnut Juglans regia
Almond Pruns duleis
Cheslnut  Castanea sativa

Cucurbitaceae

Cucurbitaceae

Sapindaceae

Punicaceae

Rosaceae

Rosaceae

Anacardigceae

Anacardiaceae

Juglandaceac

Rosaceae

Fapaceae

Tropical Alrica
Tropical Africa
Southern China

"“H:

g
Iran, Arghan?sﬁh,
Baluchistan

Western Himalaya

Europe

Tropical America

Central Asia

Iran

South west Asia

Herbaceous annual, tendrils;
fruit is a pepo with many seeds.

Herbaceous annual; fruitisa
pepo with many seeds.

Dense evergreen tree; fruitisa
nut, edible aril surrounds the
seed.

Highly branched small tree or
large shreb; fruil is

berry like with a leathery
pericarp and numercus secds;
juicy seeds are edible.

Low spreading tree; fruits
produced on short shoots; to
Asia Minor fruit is a pome;

Small tree; fruitisa pome;

Medium sized evergreen tree;
fruit is a nut; cashew apple is
a fTeshy juicy siructure; it is
edible and also used for
making a wine.

Small deciduous trec; fruitisa
drupe.

Large deciduous, monoecious
tree; fruit is a drupe; large
non-cndospermic seed
resembles the human brain.

Small deciduous tree,
[ruit is a drupe,

West Asia, Europe, Large evergreen lree;

North Africa

unisexual flowers in catkins;
fruit is a nut with a leathery
Pericarp

Frults snd Nuls
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Economic Botany From the above table and from your study of the material in this unit, you have.lea.rnt that a
' large number of fruit and nut plants have been used by mankind since ancient times.

The majority of these plants are dicotyledonous, but two of the plants are
monocotyledonous. These are (he banana and the pineapple. Three of the plants (the
mango, the cashew and the pistachio) are classified in the family Anacardiaceae and three
(the apple, the pear and the almond) in the family Rosaceae. A large number of planis of the
genus Citrus (family Rutaceae) provide delicious fruits,

13.5 TERMINAL QUESTIONS

1L Define the term fruit and describe the different kinds of fruils in botanical terms.
Mention the important properties of fruits in general.

2 List the plants you have studied in which the fruit is a berry. Describe any two of
these in detail under the headings: Origin and distribution; ecology, botany and uses,

3. Mention the features by which you can differentiate a berry from a drupe. List the
plants you have studied in which the fruit is a drupe. Describe the “king of all fruits™:
mentioning its important botanical characteristics and uses.

4, Why is the pome called a “false fruit”? Describe the pome and illustrate its structure.
Discuss the importance of pome fruits.

s What is a ‘nut” in the popular sense of the term, Define a nut in botanical terms.
Describe two plants in which the fruit is not a botanical nut, but is consumed as a nut.
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Projecl;

List the fruit and nut producing plants whose products are consumed in your region. Consult
books in your study centre and write the botanical name, the family, and the local name of
each. Describe any one of these which is not discussed-in this unit.

13.6 ANSWERS

Self-Assessment Questions

SAQ I
1. Fruit

a) DBanana

b) ~ Common Fig

¢) Mango

d} Pineapple

2. a) i) Mango
ii} Papaya
ii} Fig.

(Any two).

b) i) Banana
i) Pineapple
iif) Guava
(Any two)
¢) i) Banana
ii) Pineapple
3 a-ii
c- iii
4. a) Pineapple
b Fig

Botanical Name

Musa paradiasiaca
var. sapientum

Ficus carica
Mangifera indica

Ananas comosus

b- iv

d- i

Family

Musaceae

Moraceae
Anacardiaceae

Bromeliaceae

5. Answers will vary from region to region, depending on the fruits and nuts listed by the

candidate.

SAQ 2

c-F
e-T
3. &) i) Apple
ii} Citrus

iii) Pear

b- iv
d-i
f-v
b-T
d-F

Fruits and Nuts
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Economic Botany b) i) Watermelon
ii) Muskmelon
iii) Pomegranate

4.- a) Describe the citrus fruit

b) Describe the apple or pear fruit.

5. a) Mango - Mangifera indica Anacardiaceae
b) Mandarin-Citrus reficulata Rutaceae
c) Pear- Pyruscommumis Rosaceae

d) Watermelon -Citruflus lanatus ~ Cucurbitaceae
6 a) Apple

b) Litchi

c) Citrus

d) Muskmelon

I. &) i) Almond
ii) Pistachio
jii) Walnut

b) i) Cashew
ii) Chestnut
2 a} Walnut

b) Bitter Almonds
c) Chestnut

3. Seelld3.13and13.3.1.5.

‘Terminal Questions
L. Refer to the Introduction.
2 i) Banana
ii) Papaya
fil} Guava
iv) Pomegranate
v) Citrus fruits (the hesperidium is a specialised berry)
vi) Melons (the pepo is also a specialised berry) for description refer to the text.
3. Refertoanswerl ¢ of SAQ 1.
i) Mango
i)y Pistachio
iy Walnut
iv) Almond
Describe mango fruit and list its uses.
4. Referto 13.2.11- The Pome fruits
5. Referto 13.3 - The Nuts

Describe any one of the following:
Pistachio
Almond

. Walnut
100
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UNIT 14 VEGETABLES

Structure
14.1 Introduction
Objectives

142  Vepetables from Roots and other Underground Parts
143 Vegelables from Leaves

144 Vegetables from Fruits and Seeds

145  Summary

M6  Teminal Questions

147  Answers

14.1 INTRODUCTION

Vegetﬁbles constitute an important part of a vegetarian diet. The consumpiion of fresh
vegetables and fruits is much more than ever before, and they provide variety, flavour,
minerals and much needed vitamins to our diet.

Vegelables are defined as one of the many nutritious foeds obtained from plants or plant
parts. Thus, roots, stems, leaves, infloresences, seeds and food fruits, are all used as
vegetables in different ways. They may be eaten raw as salads or cooked in various ways.
Vegetables may constitute the main course of a meal, or they may be consumed as snacks or
in soups.

Vegetables are an important part of a healthy diet. They are an excellent source of vitamins,
especially niacin, riboflavin, thiamin and vitamin E. The precursor of vitamin A is abundant
in several vegetables. They also supply minerals such as calcium and iron. The cellulosic cell
walls of plant cells are not of direct nutritional value to man. But this material is essential in
the human food. 1t provides the roughage necessary for the proper functioning of the
alimentary canal. .

Most vegetables contain large amounts of moisture and a vegetarian diet contains fewer
calories. Interestingly, studies haveé shown that vegetarians are healthier and live longer.
This is due to judicious planning of nutritious diet. Most vegetarians therefore, €at foods in
defined combinations that furnish a balanced diet. For example, rice and beans when taken
together provide a more balanced nutrition than when eaten alone. In view of the significance
of vegetables in the human diet, it is worthwhile to first know about the vegetable-yielding
plants.

Different plants have been used as vegetables since the dawn of civilization. Alongwith
cereals, early man started domesticating different vegetable crops also to provide a balanced
diet. Some of these plants have gained world-wide importance and are well-known. These
have been discussed in great detail by botanists, agriculturists and dielicians. There are also
vegetables which are of local importance, and consumed by fewer people. They are also
important in the economy of these regions. Some of these grow naturally while others are
cultivated on a limited scale. However, in recent years (as in the case of fruits - see unit 13)
cold storage, air transport,and packaging techniques have led to the availability in large citias
of different kinds of vegetables from various parts of the world.

Vegetables may be classified in various ways. Here we follow a classification based on

- morphology and recognise different vegetables by their botanical (Latin) names and the
family in which the plant is classified. [t is also convenient to group different plants on the
basis of the morphological nature of the part used as vegetables:

a) underground plant paris such as roots, rhizomes, tubers and bulbs eg., onion, potato,
carrot, etc.

b) Tleaves and young shoots, eg. spinach, cabbage, lettuce.

¢) inflorescences and flowers, eg. cauliflower
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d)  fruits and seeds, eg. tomalo, brinjal, cucumber, chillies.

In the following unit, you will study some of the well-known vegetable yielding plants to
understand their importance to mankind.

Objeclives
After studying the-unit you will be able to know :

the imporiance of vegetables in human diet;

® the classification of vegetables;
®  the general properties of vegetables;
® the botanical names of vegetables and their families,;

about the origin, distribution, ecology, botany and uses of the following vegetables:
Potato, Sweet Potato, Cassava, Onion, Garlic, Beetroot, Carrot;

Cabbage, Letuce, Spinach; Cucurbits, Tomato, Brinjal, Chillies and Okra.

14.2 VEGETABLES FROM ROOTS AND OTHER
UNDERGROUND PARTS

A large number of plants store their food in underground organs of various kinds. Besides
serving as storage organs, these structures are also important for vegetative propagation.
These swollen organs may be modifted roots, underground stem tubers or bulbs. They
remain protected in the soil and contain large amounts of parenchymatous tissue which
stores large amounts of water and food material, particularly carbohydrates which provide
energy. Besides céa'rbohydrates, the cells of these organs also contain minerals, vitamins,
some pigments (eg carctene in carrots, betacyanins in beetrootsetc) and protein. These

vegetables have a greater calorie value per unit area of land when compared with the cereais.

Amongst numerous vegetable plants known to mankind carrot, beetroot, radish, sweet
potato, and cassava are shott term root crops. In these, the tap root is modified to store
large amounts of food material. Potato, onion, garlic, Colocasia, and Amorphophalfus have
modified underground stems which are used as vegetables.

14.2.1 The Potato or the Irish Potato

Botanical name : Solenum tuberosum Linn,
Family : Solanaccae

Common name: Alu

n=12

14.2.1.1 Origin and distribution : Potato is a gifi of the New World. It was not known in
the Old World before the sixteenth century. It originated in the Andes mountains of South
America and dominated the life of the people in this region. It was not known in Central and
North America when Columbus reached the New World. Potato was introduced to other
parts of the world only after the sixteenth century. This is called the Irish Potato because in
£845-46 the worst famine in Ireland and many other parts of Europe oceurred because of the
failure of potato crop due to Phytophthora infection.

Box 14.1: Ireland Famine,

e e e e e e e

By the 1840’s, in Ireland, polato was staple diet on which the Irish peasants survived
until 1845-1846. The entire country had essentially adopted a monoculture of the
tuberous plants. About 1845 disaster struck, when Potato blight, caused by a fungus
Phytophthora infestans reached Europe, and within 5 years, virtually all the Irish (and
British) potato crops were destroyed. It is estimated that during this period people
(some say 2 million) died of stacvation and over another million emigrated. This was
the worst famine in the history of the western world, followed by an unparalleled
migration.
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The cultivated potato is a tetraploid. 1t may have originated by a doubling of the chromo-
somes in an ancient diploid species, or it may have been derived by hybridization between
two ancient diploid species followed by amphidiploidy.

The polato is cultivated all over Europe, Russia, Asia, Africa and America. In India, potato is
an important crop in Uttar Pradesh, West Bengal, Bihar, Punjab, Madhya Pradesh, Tamilnadu
and some other states. It is mostly grown for local consumption.

14.2.1.2 Cultivation : The potato grows in cool moist climates in temperate regions. It
requires warm days alternating with cool nights when tuber formation takes place. Rainfall or
irrigation for 3-4 months promotes tuber formation. Frost is harmful for the crop. Short days
or nitrogen deficiency also promote tuberisation. The crop can be grown in a variety of soils.
Porous, well drained acid soils (pH 5.0) are good as they enhance tuber growth.

The crop is propagated vegetatively from small wbers (called seed potato) or from parts of
large tubers. These parls must include ‘an eye’ or axilliary buds which devetop into new
" plants. The crop is harvested after about 4 months.

14.2.1.3 Botany : The potato plant is a herbaceous perennial but is cultivaled as an annual.
It has a well-developed adventitious fibrous root system and underground stolons which
bear the tubers. These underground stems are short and thick structures having scale like
leaves. In the axils of these scale-like leaves, there are axillary buds which are called the
““eyes” of the potato. The scale-like leaves are shed and a leaf scar is formed near each
“eye”. The “eyes” actually represent axillary branches (Fig. 14.1). These are arranged
spirally around the tuber. The potato tuber is a typical stem in its anatomical structure, The
outermost layer is the periderm and this encloses the corlex. Inside the cortex is aring of
vascular bundles which surrounds the central pith. The tuber stores starch, The shape, size
and colour of the tubers vary in different varieties.

Node —. % _-Rhizome'
) Terminal bud

‘ Young tuber
{3

Sprouting "eye"

Quter phloem

Inner phloem

Aylem
Pith

Rose end Inner medulia (pith)
. Cortex
Periderm

QOuter phloem

Lenticels Ouler medulla

Patches of inner phloem

@ @

Fig. 14.1:  Solanum tubersoum The Potalo. a) A tuber ofpulnté b} diagrammat_ic representation

of tuber formation in potatoes. c) Exlernal feature of potate tuber d) C.S. of potato
tuber. K

The aerial branches may be up to | mtall. They have spirally arranged leaves. The first few
leaves near the base of the stem are simple, but other leaves are pinnately compound. These
compound leaves have leaflets of varying sizes and there may be some very small leaflets
called pinnules (folioles) between the longer leaflets also.

Yepetables
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Green polaloes contain a
poisonous glycoside, solanin,
which in appreciably high
concentration may cause
sickness and even death in beth
humans and livestock.

Vodka, a Russian alcohelic
beverage, is prepared by the
fermentation of cooked potatoes

104

Flowers may or may not be produced. When flowers are produced, they arise in terminal
inflorescences. The flowers are typically solanaceous and the fruils are small inedible berries

{called seeds or potato ball) which look like small green tomatoes. They contain numerous
seeds,

14.2.1.4 Uses : The potato is the most widely grown vegetable crop and plays an impor-
tant role in the world’s food economy. Potatoes have a high nutritional value. A tuber
consists of about 80% water and 20% solid matter. Of the later starch is up about 85% and
the rest is mostly protein. Potatoes are excellent source of vitamin C. They also contain
minerals such as calcium, iron, magnesium, phosphorus, potassium, sodium and sulphur,

The tubers are used in many ways, both as a fresh vegetable and as processed food. Fresh

potatoes may be eaten after boiling, roasting, frying or baking. They may also be cooked
with other vegetables. The tubers may be processed as polato chips, crisps, and wafers or
may go into the production of starch, alcohol (Vodka) or glucose.
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Fig. 14.2: Solanmum tuberosum A potato plant.

14.2.2 The Sweet Potato

Botanical name : Ipamoea batatas (Linn.) Lam.
Family : Convolvulaceae

Common name : Shakarkandi

=45

14.2.2.1 Origin and Distribution : The sweet potato plant is known only in cultjvation. It
probably criginated in tropical America, and was grown in Mexico, Central and South
America and the West Indies in pre-Columbian times (before Columbus® discovery of

Arierica). It has now spread to other parts of the world. This plant reached the Old world
before the Irish potato and became poputar,
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[pomoea batatas is a hexaploid (2n = 90). It could have arisen as a hybrid by amphidiploicy Vegetebles
from atetraploid (2n = 60) and a diploid (2Zn = 30).

14.2.2.2 Cultivation : Sweet potatoes are cultivated throughout the tropics. The majar
producers are Affica, China, Indonesia, India, Korea, Japan, southern United States, Poly-
nesia and New Zealand. It grows best where the mean temperature is around 25°C or higher.
T here must be plenty of sunshine and a rainfall of atleast 300 mm over a growing period of 4
monihs.

The crop can be grown in a wide range of soils. A well-drained sandy loam with a sunny
climate and a liberal supply of moisture in growing season, is ideal for cultivation of the
sweet potalo. This is a short day plant and a photoperiod of 1 [ hours or less promotes
flowering. .

Sweet potatoes are propagated by stem cuttings or portions of the tuber. The plant needs
little care and the tubers are ready for harvesting after 4-6 months. The tubers are stored or
they may be sliced and sun-dried.

14.2.23 Botany: The sweet potato plant is actually a perennial herb, but like the Irish
potato, it is cultivated as an annual crop. It is a vine-like plant with trailing or twining stems.
These grow up to 1.5 m in length, and all parts of the plant contain latex. The plant has an
extensive fibrous root system. The tubers are secondary thickenings of some of the adventi-
tious roots. Each plant produces about 10 tubers in the upper crust (25 cm) of the soil. Each
tuber consists of large amounts of parenchymatous cells, the vascular tissue and latex
vessels (Fig. 14.3, ). The outer region is called the periderm and it replaces the ruptured
epidermis. About 70% of the weight of the fresh tuber is due to moisture. The solid matter -
consists of starch, sugars, proteins, vitamins A and C, small amounts of fat and minerals.
The tubers vary in shape, size and colour. Individual tubers generally weigh 200 to 500
grams, although exceptionally large tubers weighing several kilograms may also be produced.

Xylem

Cambium

Swect polato

In Japan and Taiwan, sweet
potate is regarded as a ‘typhoon
or hurricane insurance’, where
rice or ather starchy crops are
destroyed it will be still available
for food.

Fig. 14.3: Ipomoea batatas. a) A plant of sweet potato b) Most of the shoot sprout from the top of
the storage root. ¢} Crass section of root.

14.2.2.4 Uses : Sweet potato is a vegetable with large, fleshy edible roots. These tuberous
roots are used as.an important source of food in , many parts of the world. They can be eaten
after boiling or roasting. The tubers are also used for manufacturing starch, flour, glucose, or
alcohol. They are also given to livestock.

105

TSI R




Economic Botany

According to a Tupi legend, there
_ was once a mother with no food

who had to watch her starving
child die. Sadly, she buried the
child under the floor of her hut.
That night, a wood spirit, or
“mani", came and transformed
the child’s body into the roots of
a plant that grew up to feed
future generations of Indians.
The plant was called “mani™
“oea” (roof) for the root that the
wood spirit brought.

06

14.2.3 The Cassava or Manioc

Botanical Name: Manihot esculentus Crantz {Synonyms: M. uvilissimus Pohl; M.aipi Poﬁl;

M dulcis Pax; M. Palmata Muell Arg.)
Family: Euphorbiaceae.

Common name : Tapioca, sagu

n =18

14.2.3.1 Origin and distribution : Manihot esculenta has been Known to man only in
cultivation and does not occur in the wild state. It is known to have been domesticated
independently in Central America as well as in South America but introduction from South
to Central America seems more likely. This plant was introduced in other parts of the world
after the sixteenth century. It has now spread to all tropicat areas. South and Central

‘America, West and Central Africa and South East Asia are the main regions where cassava is

cultivaled. The first record of its introduction in India is in 1794 when it was brought to the
Indian Botanic Garden, Sibpur, Calcutia. In India, this crop is mainly cultivated in Kerala,
Tamilnadu, Meghalaya, Andhra Pradesh and Assam.

14.2,3.2 Cultivation : Cassava is a lowland tropical crop which grows best in sandy or
sandy loam soils of moderate fertility. High fertility of the soil leads to excessive vegetative
growth and less tuber formation. The crop cannot withstand water-logging, cold or frost.

The cassava crop is grown from stem cuttings which sprout shoots and roots producing
new plants. Short season varieties can be harvested in 6-10 months after planting. Long
season varieties of cassava are grown for about 2 years. The crop is mostly harvested by
hand. Individual tubers are dug out from the soil for consumption.

14.2.3.3 Botany : The Cassava plant is a shrub growing 1-5 m in height and has latex in all
its parts, The edible tubers are swollen adventituous roots. Each plant produces 5-10
cyhndrlcal tubers. The extensive parenchymatous pith region of the tuber stores large
amounts of starch. The erect stem shows prominent leaf scars in the lower region. The
leaves are spirally arranged, and petiolate. The lamina is deeply palmate with 3-9 (usually 5-
7) lobes. The leaves are usually green, but variegated leaves or red, purple or yellow leaves
also occur (Fig. 14.4).

Fig. 14.4: Maniliot escufenfa a Cassava plant with roots.
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14.2.3.4 Uses : Cassava is the staple food of many people. These people generally belong Vegelablas
to the weaker sections of the society and cannot afford to consume cereals as staple foed.

The root tubers are rich in carbohydrates and used as an important food in many tropical

regions.

There are two types of cassava-sweet and bitter. The sweet tubers have low amounts of
hydrocyanic or prussic acid. This alongwith other chemical substances is usually present in
fhe cortical region of the tuber. In the bitter cassavas, large amounts of hydrocyanic acid are
present. This is distributed throughout the tuber. Sweet tubers can be eaten raw afler
peeling. Bitter cassava must be washed, boiled, roasted or specially treated to destroy the

hydrocyanic acid.

High grade starch is prepared from the tubers. It can be used as food for making puddings,
biscuits, and confectionery. This starch is also used in the manufacture of adhesives,
cosmelics, paper, and in laundering. Cassava tubers are also used as livestock feed or for
manufacturing glucose and sodium glutamate. '

14.2.4 The Onion

Botanical name: Allium cepa Linn.
Family: Alliaceae

" {earlier the genus Al/ium was classified either in the family Liliaceae (because of the superior
ovary) or in the Amaryllidaceae (because of the structure of the inflorescence) but now they
are considered to belong Alliaceae a family which is intermediate between these two.}

Common name: Piyaz
n=38

14.2.4.1 Origin and distribution : Onions have been cultivated since ancient times in India
and the Middle East. Allium cepa is not known with certainity as a wild plant. 1t is believed
to have originated in the mountainous regions of Iran or Pakistan. There are refrences Lo this
plant in ancient literature and it was used in religious ceremonies. It is now widely cultivated
in all parts of the world. Large quantities of onions are produced in the Asian countries.
China, Japan and India are leading producers. India also exports large quantities of onion.
The United States, Turkey, Spain, Italy, and the Netherlands are other onion growing areas.
In India onions are grown in Maharashtra, Tamilnadu, Andhra Pradesh, Bihar and Punjab.

14.2.4.2 Cultivation : Onions can be grown under a wide range of climatic conditions. Most
varielies are adapted to grow in the colder parts of the temperate region. A warm dry season
is necessary for maturation of the bulbs and harvesting. They should not be grown in
regions having heavy rainfall.

The crop can be raised in different kinds of soils which do not retain water. Fertile loam soils
having a pH between 5.8 and 7.0 is good for crop. The crop is ready for harvest after3to3
months of sowing the seed. Bulb formation is controlled by photoperiod and temperature.
Bulbs vary in shape from flat o globose, oval or even spindle shaped. The colour also varies
from silvery white to brownish, purplish or reddish.

The intact onion is odourless, but when it is cut or injured, organic sulphur compounds are
released due to enzymatic changes. This releases the characteristic odour and pungent
flavour of the onion. Onions may be mild, pungent, or sweet and these features besides
shape and colour, are used for classification. ’

14.2.4.3 Botany: The onion plant is a biennial herb, storing food in the bulb during the first
year of growth and flowering in the second year. For commercial production of bulbs, the
crop is cultivated as an annual. The plant has a superficial, shallow, adventilious root
system. The stem is short, flattened and produced at the base of the plant. It increases in
diameter as growth continues. This is the actual bulb of the plant and it gets surrounded by
the concentric layers of fleshy leaf bases which store the food material thus making the bulb
an important storage organ (Fig. 14.5 d).

The leaves are produced in succession from the broadening stem apex. Each leaf consists of
2 parts: a tubular or ring-like sheathing base and a hotlow, linear, cylindrical or flattened
blade. The outer leafbases of the bulb are dry, thin and fibrous. They form a protective
covering around the inner fleshy leafbases. The formation of the bulb and thickening of the
leaf bases are controlled or regulated by daylength and temperature. Under very short
photoperiod or at low temperatures, bulbs are not formed. When the bulbs have attained

107




Economic- Botany

108

niaturity; the meristem stops producing new leaves and instead produces a terminal inflores-
cence (Fig. 14.5). :

AR RERE JITETIRENE Srr o ol

™

A AT

Fig. 14.5:  Aflium cepa. a) A young onion plant. b) anion inflorescence <) onien fMlower d)
onilon bulbs ) Fleshy leaf base of onion that store nutrients,

A leafless flowering stem, called scape pushes out through the bulb. The developing
inflorescence is protected by a membranous spathe, a feature A/fium shares with members of
the family Amaryllidaceae. The inflorescence may have 50-2000 greenish white flowers.

14.2.4.4. Uses : The immature and mature onion bulbs are eaten raw or they may be cooked
and eaten as a vegetable. They are used in soups and sauces and for seasoning many
foods. Onions also flavour food and are used in canned meat products. They form an
imporiant component of many pickles and chutneys. Small bulbs are pickled in vinegar or
brine. They may also be fried and used in preparation of different kinds of snacks. Onion
leaves are also used as a vegetable. Onions are also reported to wam off heat stroke.

14.2.5 The Garlic

Botanical Name; Aflium sativam Linn
Family : Alliaceae

Common name : Lahsuin

n=_§

i4.2.5. 1 Orjgin and distribution : Garlic originated in the eastern Mediterranean region and
is. known in cultivation in India and China since ancient times. India is the largest producer.

of gariic in the world. Itisalso an important crop in Spain, Egypt, Korea, Argentina, Italy,
China and U _S.A.

14.2.5.2 Cultivation : Garlic can be cultivated ina variety of soils. Bulb formation requires

longer days and high temperature. But once bulb initiation takes ::lace, it can progress even



ar low temperatures. It is propagated vegelatively by planting single “cloves”. Most of the
crop is grown in irrigated regions. The crop responds to fertilizer application and is ready for
harvest4-6 months after planting. "The bulbs are dried in the fields for about gne week.

14.2.5.3 Botany : The garlic plant is a herbaceous annual resembling the onion plant in
many ways. It differs from onion in having flattened solid leaf bases producing a composite
or compound bulb. The erect herb has a superficial and adventitious rootsystem. The flat
disc like stem has'a varying number of smaller bulbs or bulblets called “garlic cloves”. These
are formed from the axillary buds of the younger foliage leaves. The bulb of garlic is thus a
composite struclure consisting of several small densely crowded bulblets. The entire
compound bulb is enclosed within a multilayered protective sheath formed by the sheathing
bases of the storage leaves. Each bulblet also has its own protective single layered sheath.
The bulblet consists of a single thickened storage leaf sheath and a small central bud.
Sometimes, a single large solid “clove” is formed in each plant (bulb). This is due to either
the cropbeing grown on poor soils, or grownfrom very small “cloves” (Fig. 14.6).

Bulb

(a)

Fig. 14.6: Altium sativum. (a) Garlic plant (b) Garlic bulb with cloves.

Some cultivated varieties of garlic do not show any flowering while others do. The inflores-
cence is terminal as in onion. A leafless smooth white scape grows out through the centre of
the bulb. It is coiled at first but then becomes erect, and bears a membranous spathe. This
encloses either small bulblets only or bath bulblets and flowers. The flowers of garlic are
whitish to pinkish.

14.2.5.4 Uses : Closely related to the onion, this is the second most widely cultivated
species of the genus Affiwm. It is used as a condiment for flavouring food. Garlic is an
important constituent of curries in India and also in Chinese food. Many medicinal proper-
ties of garlic are mentioned in different systems of medicine. Garlic has medicinal value as an
antiseptic and bactericide. Both garli¢ and onions contain compounds such as ajoene that
reduce the tendency of blood to clot and some what improves one’s odds against arterioscle-
rosis and heart attack.

Intact bulbs contain an amino acid called allinine. When the bulb or “clove” is cut or injured,
enzyme allinase acts on ailinine to produce allicin, This compound is responsible for the
pungent smell of garlic. The pungent quality common to all alliums is linked with the com-
pound that makes us cry when cutting onions. These are volatile sulphur compounds
(including methyi di - and trisulfides and n - propyl di - and trisulphide). The bulblets may be
dehydrated or made into “garlic pearls™. These can be used in place of the fresh garlic.
Garlic has a strong flavour and its smell stays in the mouth for a long time.

14.2.6 The Beetroot, The garden beet

Botanical name : Beta vulgaris Linn,
Family : Chenopodiaceae

Common name : Chukander

n=9%

Several cultivated varicties of Beta vulgaris are economically important. The beetroot or
gardenbeet is grown for the large red roots which are eaten as a vegetable. Another variety
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with white or light brown roots called sugarbeet is an important source of sugar. Both these:

and other varieties are cultivated commercially in different parts of the world.

14.2.6.1 Origin and distribution : The cullivated beetroot as well as the sugarbeet are both
classified as Beta vuigaris. They have been derjved from a wild ancestor Beta

maritima which grows naturally on sea shores in Britain, throughout Europe, and Asia to
India. The différent varieties of the cultivated beets have evolved by continuous selection.

14.2.6,2 Cultivation: The beet is mostly cultivated in temperate regions. Sometimes it may
be grown in tropical areas at higher altitudes. They require cool nights during the growing
season. Beets grow best in friable deep, moist loamy soils; it does not tolerate water
logging, therefore the soil must have good drainage. They are grown from seed and thinning
of seedlings is necessary to provide sufficient growing space. It is a labour intensive crop.

14.2.6.3 Botany : The beetroot plant is a true biennial. This glabrous herb has a conspicu-
ousty swollen fleshy root which is the economically most important part of the plant.

The plant produces the conspicucusly swollen root with deep red colour due to pigment.
betacyanin and a rosette of leaves during the first year of growth (Fig. 14.7). The leaves are
simple, large and often with a thick midrib. Red pigments may be present in the leaves. Some
varieties of beetroot, especially the little beet or beet leaf (Beta vulgaris var, bengalensis) are
cultivated for the leaves which are eaten like spinach,

Leaves

Storage Root

(b)
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Fig. 14.7: Beta Vuigaris. n) A plart of beet root b) The plant of sugar beet c) T.S. beet root. *

14.26.4 Uses : Different varieties of beetroots are used in different ways.

A.  Beta vulgaris var. vulgaris is the common beetroot. It is also called the garden beet,

The red roots provide a low-calorie, low-carbohydrate food containing iron, calcium
and the red pigment betacyanin. These are eaten as a vegetable or as a salad, and are
sweet to taste. They‘may be caten raw, boiled or baked. Red beetroots may also be

pickled and canned. The crop is harvested after 3-4 months of sowing the seed to
obtain sweet tender roots.
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B.  Betavulgaris var. rapa is known as (he sugar beet. This has light brown or white roots
and is an important source of sugar. The roots are smaller in size than the garden beet.
In USA, sugar beet provides half of the sugar produced. The sugar content may be as
high as 15 to 18%. The roots are washed and cut into thin strips. These are put ih hot
water to extract the sugar, The solution is then purified, filtered and boiled to form
crystals of sugar.

C.  Betavulgaris var. bengalensis is the beet green or beet leaves or Indian spinach. The
tender succulent leaves and young shoots are cooked as a green leafy vegetable and
are an excellent source of caleium, iron and vitamin A.

14.2.7 TheCarrot

Botanical Name : Daucas carota Linn

Farnily : Apiaceac (Umbelliferae) -
Common name: Gajar
n=29

14.2.7.1 Origin and distribution : Carrol has been cultivated since ancient times in the
Mediterranean region. It was first used as a medicinal plant by the ancient Romans and
Greeks. The cultivated carrot originated from wild relatives which occur naturally in Europe,
Asia and Africa. 1thas now spread throughout the world, and Europe is the largest producer
of the crop. North and Central America and Africa are other areas where carrots are culti-
vated. Different kinds of carrots are grown in different parts of the world. In India also, there
are the common orange carrots with hard roots, the softer more juicy reddish carrots and the
purplish or almost black carrots: These are grown in different parts of the country.

14.2.7.2 Cultivation : Carrot grows best in well-drained, loose loamy soil. [trequires wet
climate for the proper developgient of the roots. Large amounts of potash are required for
proper growth of the crop. The crop is grown from seed which is sown in raised beds or on
ridges. Thinning the crop at the seedling stage promotes good growth and the crop can be
harvested after 3-4 months. The young roots are harvested and can be stored for several
months without loss in quality. Being a labour intensive exercise, carrot cultivation is
expensive.

14.2.7.3 Botany : The carrot plant is a herbaceous biennial but is cullivated as an annual for
its thickened taproot. The root may be short and stumpy or long and tapering. The colour of
the root ranges from pale white to yellow, orange, purple, deep red or almost black. The
colour and growth of the root vary with the lemperature and age of the crop. The broad
cortical region stores the food material and the pigments especially carotenes. The'human
body uses caratene to produce vitamin A. Carrots 2lso comtain vitamins B, B, and C, sugars
and iron.

The stem forms a plate-like crown above the root and this bears a crown of leaves, In the
second year of growth, the stem elongates and bears the terminal inflarescence. The leaves
are long-petioled and pinnately compound. The segments are pinnatified with lanceolate
lobes (Fig. 14.8}.

The fruits are ablong-ovoid schizocarps 3-4 mm. long. Each schizocarp consists of two
mericarps. The primary ridges of each mericarp are ciliate while the secondary ridges have
hooked spines. These characteristics of the fruit help in identifjcation of the plant, The
pericarp contains essential oil canals because of which the seeds are aromatic.

14.2.7.4 Uses : In recent times, carrots have become a widespread human food. The roots
are used as vegetables, in soups, curries and other dishes. They can be eaten raw in salads
or caoked in various ways. Tender roots can also be pickled alongwith other vegetables.
Juice can be pressed out from fresh rocts and it is consumed as a refreshing drink either
alone or mixed with orange juice. 'Grated carrots can be boiled in mitk and made into a
delicious sweetmeat (called ‘Gajar Ka Halwa’). The roots béfing a rich source of carotene are
used for obtaining colouring for butter and other foods. Carrots can also be canned in syrup

or dehydrated. In North India, “black” carrots are used to prepare an appetising beverage
called “Kanji”.
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Fig. 14.8: Daucas careta. a) Carrot plant with roots b) a feaf ¢) T.5. of carrot,

SAQ 1
1. Write the botanical name of the following plants and the family to which they belong,

a) Potato _

b}  Sweet Potato

¢) Cassava

d)  Onion
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Gardenbeet

Carrot

1

b)

List the plants in wﬁich the stem is modified and describe the modification in
each case, '

Mention T or F to indicate whether the following statements are true or false
respectively.

a)
: .
c)
d)
€)
f)

The potato and the sweet potato can be classified as “true root crops”™.
Cassava produces tuberous roots.

The tubers of potato differ in structure from the tubers of Cassava.
The gardenbeet is rich in calories, iron, calcium and anthocyanins.
Bulb fqrmation iI;l onion is regulated by daylength and tempera'lure.

Allicin is acted upon by the enzyme allinase to produce Alliinine.

aooodd

Fill in the blanks

a)
b)
c)
d)
e)

Beta vylgaris var. rapa is a rich source of
Hydrocyanic acid is present in the tubers of
The pungent odour of onions and garlic is due to

Potatoes and sweel potatoes can be classified as

The pigments are present in carrots in large amounts.

compounds.

foods.
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5. Classify the crops obtained from underground organs into Old World and New World on

the basis of their centres of origin.
a) Old world crops

b) New world crops

6. Define the term vegetable and write a note on the importance of vegetables in the human

diet.

143 LEAFY VEGETABLES

The leaf is an important organ of the plant. It is the chief region of photosynthesis and
manufactures food not only for the plant itself, but also for all other organisms. Herbivorous
animals depend on plant leaves for their food. Man has also used leaves of different plants
for obtaining his mitritional requirements. Leaves contain adequate amounts of minerals
such as iron, calcium, potassium and several vitamins. The amount of vilamins A and C
increases with the green colour of the leaves. The energy value of leaves is low because of
high water content, However, their large surface area provides roughage in the diet. This is
very essential for the proper functioning of the alimentary canal. About 100 grams of leafy
vegelables are recommended for daily consumption in a balanced diet. This can be obtained
from raw lealy vegetables eaten as satads, or from cooked leafy vegetables.

The more important and well-known leafy vegetables are cultivated mostly for local con-
sumption as fresh vegetables. Some plants growing in wild state are used as leafy vegeta-
bles by the economically weaker sections of the society especially in rural area. In India
leafy vegetable largly contribute to the vegetable portion of food. In winter season palak,
methi, sarson, bathua, cholai are the major ‘sag’ used as vegetable. Besides leaves, young
tender shoots and flowerbuds are also eaten as vepetables.

14.3.1 Cabbage

Botanical Name : Brassica eleracea Linn: var. capifata Linn.
Family : Brassicaceae (Cruciferae)

Common name : Bandh gobhi, Pattagobhi

n=9

14.3.1.1 Origin and distribution :- The cabbage has been cultivated in Europe since ancient
times. It is believed to have originated in the Mediterranean region and spread to other parls
of Europe. Itis closely related 10 cauliflower, kale and broceoli, and these are called “Cole
crops™. They are all different varieties of a single species Brassica oleracea, and have
originated from a wild cabbage called colewort. Cabbage is now cultivated thoughout the
world. The major producers of this vegetable are Europe, Japan, USA, Korea, Turkey, India,
and China.

14.3.1.2 Cultivation : Cabbage is cultivated in temperate regions having a cool moist
climate. Tt is grown mainly as a winter crop in the plains of Northern India. It is grown from
seed and the cabbage “head” develops in 2 to 4 months after transplanting of the seedlings
which must establish themselves properly. The harvested cmop is either sold immediately for
consumption as a fresh vegetable, or it may be put in cold storar«.
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14.3.1.3 Botany : The cabbage plant is a bienntat but is cultivated as an annual. [thasa Vepelables
wel 1-developed tapraot system which supports a very short stout stem. The stem is closely

packed with thick fleshy overlapping leaves. This forms a compact “head” _oflhe cabbage.

Different kinds of cabbage are recognised by the shape, size, colour and 1exture (Fig 14.9).

Som: cabbages are white or red. They have smooth leaves with prominent veins. Savoy

cabbages have wrinkled or crinkled leaves. The white cabbage which actually has pale green

leav'es is the most popular. The plant is not allowed to flower and the “head” is harvested for

use a a vegelable.

Stem

Fig. 14.9: Brassica oleracea var.capitaia. a) Compact head of cabbage b) A halfcut of a cabbage.

14.3.1.4 Uses : Cabbage may be eaten raw as a salad or it may be cooked as a vegetable, It
i5 a rich source of minerals and vitamins,and helps in digestion.

14.3.2 Lettuce

Botanical Name : Laciuca sativa Linn.
Family : Asteraceae (Compositae)
Cornmon name : Salad

n=2>9

14.3.2.1 Origin and distribution : Lettuce has been known in cultivalion since ancient
times. There are records of lettuce leaves in Egyptian tombs dated 4500 B.C. ltwas also
grown by the ancient Romans and Greeks. The cultivaled lettuce is believed to have evovled
from a wild species called Lactuca serriola Linn. This is common in Europe, Western Asia
and Northemn Africa. There is also a second view on the origin of the cuftivated lettuce. On
the basis of cytological and genetic studies, Lundqvist {a Swedish botanist) suggested that
Lactuca sativa probably originated by hybridization of other species. Although it originated

" in'the temperate region, lettuce is also cultivated-in the tropics. It is now grown in all parts of
the world.

14.3.2.2 Cultivation : Lettuce is a cool season crop and requires adequate irrigation to
prevent flowering. It grows belter in the higher altitudes in tropical regions, High tempera-
ture promoies flowering and this makes the leaves bitter. Light, well-drained and properly
.manured soils promote good growth of the crop. Lettuce is grown from seed and can be
harvested in about 3 months. Small sowings at regular 2 weok intervals ensures goed
success of the crop.

14.3.2.3 Botany : The leituce plant is an annual glabrous herb with milky latex in all parts of
‘the plant. It has a well developed t1aproot, slender at first but becoming extensive later on.
At first a short fleshy stem is formed and this produces a large number of spirally arranged
leaves which form a compact radical rosette calted the “lettuce head”. The shape and
compactness of this “head" vary in different cultivars (Fig. 14.10). These leaves are almost
‘sessile, 12 - 25 cm. long, with a broad delicate or crisp lamina. These “lettuce heads” are
harvested for consumption as salad.
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Fig. 14.10: Various types of lelluce, (a) leafy variety (b) a head-forming variety (c) romaine
variety.

After the vegetative phase of growth, if the "head” is not harvested, the plant shows
elongation of the stem (bolting). This elongating stem bears a few leaves and a terminal large
paniculate inflorescence. Each branch of the paniculate inflorescence terminates in a
capitulum. Bolting and flowering change the chemistry of the leaves. They develop a bitter
taste and become unfit for use as a salad.

14.3.2.4 Uses : Lettuce is the most widely cultivated salad crop. The leaves contain
vitamins A and E as well as minerals like caleium, phosphorus, sodium, magriesium and
potassium. They are eaten raw or they may be boiled. Lettuce seeds are used in plant
physiology experiments to study the effect of light on seed germination.

-14.3.3 Spinach

Botanical Name : Spinacla oferacea Linn.
Family : Chenopodiaceae

Common name : Palak

n=6 '

This plant shows a somewhat superficial resemblance to “beet greens” or Indian Spinach -
Beta vuigaris var. bengalensis (see 14.2.6). Both plants are members of the family
Chenopediaceae, but are classified in different genera. The two genara differ in the foliage
and floral structure. The genus Befa has bisexual flawers while the genus Spinacea has
unisexual flowers.

14.3.3.1 Origin and distribution : Sp:'nacea‘o!erqcea has been cultivated since ancient
times in South Western Asia. It probably originated in Iran. It was introduced into Nerth
Africa and Europe and is now widely cultivated in (emperate regions of the world. Itisa
very popular leafy vegetable in USA, Canada and Europe. Spinacea oleracea is cultivated
on a limited scale in the hill stations of India, but Indian spinach (Beta vulgaris var,
bengalensis) is widely cultivated all over the country.

14.3.3.2 Cultivation : Spinach shows wide adaptability to varying soil and climatic condji-
tions. The cool and short day conditions are ideally suited for good leafy growth, Long
days and higher temperatures lead to flowering. -

The spinach crop is grown from seed and is ready for harvest in 6 - 8 weeks after sowing,.
Leaves are harvested 3-4 times before the plants begin lo llower.

o —re— o - -




14.3.3.3 Botany : The spinach plant is an erect herb 30 - 60 cm. in height. The vigorous, Vegetubles
quick growing plant is a biennial, but is cultivated as an annual, [t bears a very short plate

like stem from which arises a crowded rosette of leaves. The leaves are large, ovate-oblong,_ .

simple, smooth, soft and somewhat succulent (Fig. 14.11).
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Fig. 14.11: Leaves of Spinach.

When the plant is allowed