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2.1 INTRODUCTION

In Unit ! you havestudied that Cycadopsidaconsistsof six orders : Pteridospermales,
Caytoniales, Cycadeoideaes, Cycadales, Pentoxylales and Glassopteridales. Of the above
mentioned orders, members of five ordersare extinct and Cycadales isthe only one with
living members.

Cycadaleshave 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 acasua glanceal cycadsresemble palms. Theterm 'cycads referstodl the
members belonging to Cycadales. They have astocky, cylindrical stem bearing a crown of
large, coarse, palm-likeleaves. They, in fact, are true gymnosperms as their seeds are naked
and are borne on modified |eaves caled sporophylls. Some scientists consider cycads as
transitional stages between ferns and gymnosperms. The retention of ciliate sperms, which
are characteristic of the lower plants, lends support to this assumption.

The Cycadalesconsist of 11 genera categorized by Johnson (1959) in three families, viz.
Cycadaceae, Stangeriaceaeand Zamiaceae. But Bhatnagar and Moitra (1 996) have retained
the 11 genera under one family — Cycadaceae, because there is uniformity in the overall
morphology, anatomy and reproductive biology of these genera. In this course too, we shal
follow the latter system of classification. Most of the description in thisUnit is based on
Cycas, reference to featuresof specia interest of the remaininggenera will be made
wherever necessary.

Objectives

After studying this unit, you should be able to :

list the cycad genera,

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

illustrate and describethe Life cycle of Cycas,

discussthestructural peculiarities of Cycas vis-a-visthe lower vascular plants,
particularly theFilicales, and

@ givereasonsfor the declinein the number of cycadsal over theworld and enlist the
measures taken.
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22 DISTRIBUTION, HABITAT AND GENERAL Cycas
FEATURES

Theelevep genera belonging to Cycadal eshave been listed in Table 2.1. Though the cycads
have existed for about 250 million yearsand were then widely distributed, at present each
genus has a restricted distribution. More than 100 species belonging to these generaare
distributed both in the Eastern and Western Hemispheres.

Tnble 2.1: The global distribution pattern of Cycads.-

Genus Region/Country Hemisphere
Dioon, Mexico .
Ceratozamia
Microcycas Cuba
Zamia Mexico, West Indies, Western
North-Westem South Hemisphere
America, and Florida - ' t
i
Chigua Colombia ‘
Encephalartos, South Africa
Stangeria Eastern
Hemisphere
Lepidozamia Australia
Macrozamia,
Bowenia i
Cycas Madagascar, Australia,
Indian Subcontinent,
Chinaand S Japan i

Of the generamentioned in Table 2.1. Only Cycasisfound in the Indian subcontinent. In
additionto India, it isfound in neighbouring countriessuch as Nepal, Myanmar and Sri
Lanka. Cycas speciesthat occur in Indiaare listed in Table 2.2.

Tnble 2.2 : Distribution o f Cycas ig India.

Species Place of occurrence

C. beddomei Dyer Hills of Cuddapah district of Tamil Nadu and Eastern

Andhra Pradesh

In the Sal Forestsof Sikkin 25 d Assanr, Khasi Hillsand
Manipur

C. pectinata Griff.

C. circinalis Linn. In the deciduous forestsof Western Ghats; and Orissa

C. rumphii Mig, In the beach forests of Andaman and Nicobar Idands

C. revoluta Thunb.
and C. siamensis Miq.

Cultivated in gardens

Cycasis both cultivated and found growing wild. Its natural habitat israther xeric and
includes well-drained soil exposed to sun, and the sunny hill slopes.

In itshabit Cycas appears like a palm (Fig. 2.1a). It possessesa columnar aerial trunk with a
crown of pinnately compound leaves. The stem is normally unbranched but, sometimes, 29
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older trees do exhibit branching. A branch starts asasmall bulbil (Fig. 2.2) which isactualy
an adventitious bud. The bulbil arises from the lower, fleshy region of the leaf base. Initially
bulbit showsonly scale leaves but with further growth, it starts producing acrown of leaves
just like the main trunk and subsequently appearsas a branch. The bulbils also serve asa
means of vegetative propagation of plant, both artificially and in nature. Factors like
physical injury enhance branching and one comes across highly branched Cycas trees in
parks, whereas in an undisturbed condition they re;main unbranched or poorly branched.

Fig. 2.2 : Bulbil of. Cycas sp.
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Amongst the scale
leaves a circinately
coiled rudimentary leaf
pinna (arrow) ean be
seen (from Pant, 1973).

Pig.2.1: r) A few plants of Cycas reveluta growing iir front of the Museum of Kagoshima Prefecture in
Kagoshima city of Japan. The explanitory plate in the picture means that" This tree of Cyeus
revelutyis a memorial one fram which Professor Ikcno discovered spermatozoidsin 1898,s0 we
must keep it earefully™. b) A part of the trunk magnified. Note the alternating bands of Jarge and
small leaf bases. Courtesy : r) Professor Tetsuo Nakajima; b) Bhatnagar & Moitra, 1996,

An armour of alternating bands of large and small leaf bases coversthe aerial stern in a
spiral manner (Fig. 2.1b). The large leaf bases are thefoliage leaves and the smaller ones are
the scale leaves. The features of both these |eaves are discussed in the following section.
Theleaf basespersist formany years, but abscise in the old trees. Thetrunk 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 monsoon

coinciding with the favourable seasonsof growth. The age of a Cycas plant can be
determined by counting the number of leaf bases on the trunk, and dividing their namber by
half the nutnber of leaves in the crown, asthe growth of'two seasons is present any time of
the year.

SAQ1
Which' of the items (i-viii) are relevant to Cycadales?
i)  Livingfossils

ii)  True gymnosperms



i) Ferns
iv) Threegenera

v)  Herbaceousplants

vi) Mesophytic

vii) Pdm-like appearance

viii) Xeric

Choosethe correct answer from the choices given below :
a) i, 1V, Vi, Viii

by i, iii,v, vii

c) i, v, v, vi

d) i, ii, vii, viii

SAQ2

Match theitemsgiven in Column A with those of Column B. Choosethe correct answer
from the choicesgiven below:

A B
"1, Number of generain Cycadaes: i)  Chigua
2. Cycad genusin Indian subcontinent: i)  recentorigin
3. Cycad higtory: ili) scaeleaves
4.  Asexud propagation by: iv) 3genera
5. Crown(s) of leaf(ves) produced per year: v)  Cycas
vi) bulbil
vii) two
viii) commonin mesozoicera
ix) 11 genera
X) one
Choicesfor answer
1 2 3 4 5
a ix i vk vi X
b) iv v o X
c) ix v viii vi vii
d iv i i vii viii

23 VEGETATIVE STRUCTURES

In this section the salient morphological and anatomical featuresof vegetativestructures
namely root, stem and leavesare described. Y ou are advised to devote sometimeto

observingthe figuresto grasp their details.

231 Root

Theprimary root is atap root which-dies early and, in its place, an adventitiousroot system
comprising largefleshy roots develops. Some of the roots near the soil grow upwardsand

Cyradopsida:
Cycas
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form apogeotropic roots. These branch copiously by repeated dichotomy forming dense,
greenish or brown masses known as coralloid roots (Fig. 2.3).
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Fig.23 : a) Cycas sp. n hunch of cornlloid roots. b) A part of a cornlloid root enlarged (from Pant, 1973).

Being apogeotropic, the coralloid roots also come out of the soil. It isbelieved that these
roots, besides aiding in atmospheric nitrogen fixation, also act as aerating organs. In
addition to the coralloid roots, non-coralloid aerial roots also occur in some species of
Cycas. Such rootsarise from the base of the bulbils or the leaf bases, and are positively
geotropic. Both normal and coralloid roots have abundant lenticels on their surface,

Normal Root — The anatomical structure of ayoung, normal root of Cycas(Fig. 24 a, b) is
similar to that of adicotyledonous angiosperm. The xylem and phloem are radially
arranged. Thevasculature varies from diarch to triarch to polyarch condition, and the
protoxylem isexarch. The centre of the root may be occupied by a small parenchymatous
pith or it may be occupied by metaxylem elements. The vasculature issurrounded by
pericycle, which isoften multi-layered. It is made up of thin-walled cells with abundant
starch grains. An inner periderm often differentiates in this region. On the outer side isa
single-layered endodermis. The endodermal cells are characterised by caspnrian thickenings.
Next tothe endodermis lies the cortex, which isseveral-layered and consists of
parenchymatous cells with abundant starch grains. Occasionally sclerenchymatous cellsand
tannin-filled cells are interspersed in the cortex region. In addition, cells containing
variously shaped crystals are also commonly seen distributed in the cortex. The outermost
layer isthe 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 thearcs
of cambium to form a complete cambia ring. The activity of the cambial ring generatesthe
secondary xylem towards inside and the secondary phloem towards outside.

Coralloid Root = Anatomically the coralloid root isquite similar to the normal root except
that it has a wider cortex with awell-defined algal zone aimost in its middle (Fig. 2.4 c,d).
This zone consists of thin-walled, radially elongated cells that are loosely arranged, having
large intercellular spaces occupied by cyanobacteria such as Anabaenaand Nestoc; some
reportsindicate the presence of agae such as Ulothrix, Chroococcus and Calothrix. The
cortex consistsof parenchymatous cells. A phellogen (cork cambium) and afew layers of
cork cells are present on the periphery.

232 Stem

The stem hasan irregular outline 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 entirestem. The pith cellscontain large amounts of starch — sago, which is commercially
extracted from some species. Pith issurrounded by aring of numerous small vascular
bundles which are collateral and open. The protoxylem isendarch, Outside the vascular ring
liesa wide cortex which is connected with the pith by broad medullary rays. The stem of
Cycas is mostly parenchymatous with ascanty amount of xylenr. Thiscondition is referred
toas manoxylic(also see Section 1.2.3). In such asituation mechanical strength to the stem
isprovided by the thick and rigid armour of leaf bases and periderm. Some cells of the pith
and medullary rays contain calcium oxalate crystals. In addition, mucilage cellsarealso
present both in the pith and the cortex, and these form a network that extends into the
branch and leaf tracesas well. Mucilage helps in the conservation of water and thisisa

xerophytic character.
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Fig.24 : Cycas sp. normal root (a, b) and corallold root (c, d). a) Outline diagram of a transverse
section of a normal root. Note the diarch condition. b) A sector of the normal root
enlarged to show the cellular details. ¢) Outline diagram ofa transverse section ofa
coralloid root. Mark the position of the algal zone. d) A part of the algal zone
magnified to show the radially elongnted cells containing the alga (a-c, after Pant,

1973; d, after Wettstein, 1935).

Secondary growth takes place quite early. Theinterfascicularcambium develops and joins
the intraf ascicular cambium. The cambium cuts xylem towards inside and phloem towards
outside. To begin with, the,stem of Cycas is monoxylic, i.e., with one ring of vasculature,
but becomes polyxylic later asa result of accessory ringsof cambiathat arisein thecortex
(Fig. 2.5a). Numerous |eaf-traces are seen in the cortex (Fig, 2.5b).

Box 2.1 : Theleaf tracesin Cycadales

Leaf traces are the strands of vasculaturethat enter the leaves. In cycads, eech ledf is
supplied by two types of traces both arising from the primary vascular bundles. These
aregirdletraces and the radial or direct traces. Thegirdle traces arise on the side of
the stele opposite the leaf which they will ultimately enter. In their coursethrough the
cortex, they girdlethe stele on two sides just like the curved prongsin a pair of tongs,
and become compl etely reversed while passing through the cortex. Thesegirdletraces
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.
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Revelute-folded
downwards
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Fig. 25 : @ Cycas sp., outline diagram of a-stem in transection. Note the armour of leaf bases, large cortex,
pith, and the polyxylic condition. b) Zamia sp, outline sketch of stem in transverse section.
Prominent [eaftrace girdles nre seenin the cortex. Also note the manoxylic wood. A Iarge number
of mucilage ducts nre scattered all over the stem, (From Bhatnagar & Moitrn, 1996).

233 Leaf

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

leaves alternate regularly.

Thefoliage leaves (Fig. 2.6a) are unipinnately compound with numerous leathery, opposite
or aternately arranged leaflets (= pinnae, pinna-singular) which are spine-tipped. The leaves
possess along 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 revolute asin C.
revoluta and C. beddomei; or flat, asin C. circinalis, C, rumphii, C. pectinata, and C,
siamensis. A prominent midrib runs the entire length of the leaflet. The plant possesses fern-
like characters such asstraight or circinate rachisand circinate vernation of leaflets (Fig.

2.6b, c).

@9
%) Rachis

(©)

Fig. 26 Cyeas revoluta. 8) A leaf showing the apical (ap), middle (mi), nnd basal {ba) portions. h) Same, nt
younger stage showing unrelling of rows of circinate leaflets from base upwards, i.c., in acropetal
succession. ¢ T.8. young leaf showing two circinate leaflets on the rachis (a, After Pant, 1973 b
and ¢ after Gifford & Foster, 1989).



The leaf anatomy of Gycas is discussed under two subheadings — rachisand |eaflet. Cycadopsida:
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Rachis — Therachisis cylindrical and bears|eaflets inserted on the adaxial (dorsal) side;

this makesthe outline appear like ashield. The epidermis isthick-walled and covered with a
thick cuticle except in the region of stomata. The hypodermis consists of amixture of
sclerenchymaand collenchyma followed by parenchymatous ground tissue, in which are
interspersed the vascular bundles. These are arranged in an arc that appears likea ‘U’ with
arms, or likethe inverted Greek letter £ (Omega). Mucilage canals are present both on the
inddeand the outside of the vascular arc.

The vascular bundles of the rachis demonstrate an interesting behaviour. Y ou may recall

that two bundlesof a |eaf trace enter the base from the stem. At 'thisjuncture the bundles are
endarch or centrifugal, i.e., the protoxylem is inside and the metaxylem istowards the
periphery of the rachis. The vascular bundles, asthey enter the leaf, split into a number of &
strandsand get arranged in the form of an inverted omega (see Fig. 2.7a). At thislevel, the
xylem elementsremain entirely endarch or centrifugal. After traversing some distance in the
rachis, the centripetal xylem elements appear on inner side of the protoxylern. Subsequently,
formation of centrifugal xylem is reduced gradually on moving towards the tip. Therefore,
near thetip of the rachisthe centripetal xylem ismore abundant than the centrifugal xylem
(Fig. 2.7b). These peculiar, diploxylic vascular bundles having both the centripetal aswell
asthecentrifuga xylem (Fig. 2.7¢) are also termed pseudo-mesarch. Asthe bundlesmove
further into the leaflets, they becomeexarch with no traces of centrifugal xylem.

Centripetal xylem

ig ! Cycassp a) Jir i1:diagram of ractis in transection. Note 1 it ¢  omega-shaped arrange-

- ‘ment of vascular bundles.'b) Disgrammatic [+ entat of s part fstemy t | ic
showing the cour se of vascular bundle from the stem, to the petiole, and the relationship of the
centripetal and centrifugal xylem. c) An enlarged view of a diplexylic vascular bundle. (a, After
Pant, 1973; b, after Le Goe, 1914; c, after Maheshwari, 1960).

‘Leaflet - Theentireleaf of G/cas exhibitsa number of xerophytic characters. Each leaflet is
dorsiventral and the epidermis comprises thick-walled cuticularized cells with simple pits. T P TTR I
The hypodermisisone -, or two-layered and its cells are also dutinized and lignified. o 35
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The mesophyll is differentiated into a 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 pitson 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
arearranged 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 aslateral conducting tissue. The stomata are sunken and occur only on the
lower side (Fig. 2.8c¢).
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Fig.2.8 : Cycas sp. a) Vertical section of a leaflet showing thick-walled epidermis with cuticle, and stomata
on the lower region. b) A portion of the same enlarged to show the diploxylic vascular bundle,
and transfusion tissue (a and h, after Pant, 1373).

SAQ3

Tick the correct word(s) given in parentheses.

a) The primary root system consists of (tap/fibrous) root(s).

b The (coralioid/aerial) roots are apogeotropic, and help in fixing atmospheric nitrogen.

c) Thecordloid root differsfrom 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 to (unusual secondary growth/persistent |eaf
bases).

e) (Mucilage/Sago) is acommercially exploitable product derived from the stem.
fy Thestem derivesits mechanical strength from (massive xylern/leaf base armour).

g) The accessory transfusion tissue functions as (secretory tissue/conducting tissue) in the
|eaflets of Cycas.



24 REPRODUCTIVE STRUCTURES

—

Cycads are dioecious, i.e., the male and femal e reproductivestructures are borne on separate
plants. The Cycas plants undergo vegetativegrowth for about ten yearsand then start
bearing the reproductive structures. One cannot distinguish between the two sexes until the
plants have bornethe male and female reproductive structures. Even the bulbils meant for
vegetative propagation devel op into the plant of the same sex as the parent.

24.1 Male Cone and Gametophyte

The mae cone is very large, oval or conical in shape (Fig. 2.9a) and usualy occurssingly 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 emits a strong characteristic odour that

can besmdled even from a distance.

The cone hasa central axis on which the microsporophyllsare arranged in aspiral manner.
Each sporophyll (Fig. 2.9b) isahard, horizontally flattened, woody structure consisting of a
wedge-shaped portion with a tapering upcurved apex. Numerous sporangia (sporangium -
singular) are borneon the abaxia (lower) surface (Fig. 2.9b), and theseare clumped
together in groups of 3,4 or 5 to form sori (sorus — singular). Each sorus is surrounded by
single-celled soral hairs. Each sporangium has a massivestalk and dehisces by a
longitudinal slit (Fig. 2.9d) that forms on the wall. About 700 sporangia per sporophyll are
foundin C. circinalis and there arearound 1160 in C. nedi a.

Microsporophylls

Dehisced
microsporangium

e

N

s ,.,» /) \(z((r,;:_—?“ Soral hairs
i - . \\‘f o=
Microsporangium 7)
(©)

Fig. 29: Cycascircinalis. a) A mature male cone. Note the spirally arranged microsporophylls. b)
A microsporophyllin nbaxial view showing numerous microsporangia arranged in sori.
¢} Undehisced microsporangia arranged in groups forming sori. Note the soral heirs
surrounding the sori, d) Dehisced microsporangia. (Redrawn from : a, Maheshwari,

1960; b-d, redrawn from 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 producesa
crown of leaves and scales, and ultimately bearsanother male cone. Thistype of growth is

termed sympodial.
The cellular details of a microsporophyll are depicted in Fig. 2.10a,b. In addition to the

Cyeadopsida:
Cyctis
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Gymnosperms vascular bundles, mucilageductsare interspersed in the ground tissue. On the lower or

abaxial sidearethe sporangia. Each sporangium has a characteristic exotliecium. Inner to it
liethe tapetal tissue and the microspores (Fig. 2.10b).
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Fig. 210 : Cycas revoluta a) V.S microsporophyll showing abaxial micresporangia, b) Same, a
part enlarged. The microsperangium shown here has got cut longitudinally (a, b. After Pant,
1973).
The microspores or the pollen grains develop from microspore mother cdl (Fig. 211a) asa
result of microsporogenesis. The microspores at various developmental stages 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 atube cell.

Fig. 211 = Cycus sp. Developmental stages of the male gametophyte. n) A microspore mother cell
before meiosis; note abundant starch. h) After meiosis, micfaspore tetrad is formed. ¢)
Uninucleate microspore. 1) Two-celled microspore with antheridial initial and
prothallial cell. ¢) Maturé pollen grain at shedding stage consists of thrée culls. The
tube cell and the antheridial cells are the products of the antheridial initial shown in d, 1)
Mature pollen in side view showing a prominent furrow mairkied by an rrrow.

38 (Alter Pant, 1973).



2.4.2 Female Strobilus and Gametophyte

The genus Cycas is unique amongst other cycadsin not having a compact female cone (Fig.
2.12). The female plant bears successively the foliage leaves, cataphyllsand then
megasporophylls. This sequence keeps on repeating. From the point of view of origin, the
megasporophyllshave been compared to the foliage |eaves and the two are considered to be
homologous. In C. revoluta they appear like modified and reduced foliageleavesthat are
copiously covered with brown rarnenta(Fig. 2.12c).
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Fig.212: a,b) C circinalis; C) C revoluta. a) A cluster of megaspor ophylls.Sterile scale leaves
are present at their base. b) A megaspor ophyll enlar ged. Note ovulesin two rows, and
oppositely arranged. Thetip (arrow) portion of the megasporophyllissterile. ¢)
Another megasporophyll. Mark the samefeaturesasin b. Thesteriletip portionis
larger, flattened and fan-like. (a, b, after Maheshwari, 1960; ¢, redrawn from Gifford and
Foster, 1989).

Each megasporophyll isabout 30 cm or morein length, and it bears 2 to 12 ovules arranged
in two rows. The ovules are orthotropous, short-stalked and are either oppositely or sub-
oppositely arranged (Fig. 2.12 b, ¢). Cycas is known to produce the largest ovulesin the
plant kingdom ranging between 6-7 cm in length. In ayoung ovule a distinct megaspore
mother cell isseen (Fig. 2.13a). It undergoesmeiosisto form alinear tetrad of rnegaspores,
of which only the lowermost isfunctional. This undergoesa series of mitotic divisionsto
first form a free nuclear femal e gametophyte which eventually becomescdlular. Formation
of archegonia begins soon after the gametophyte becomes cellular. Asthe female
gametophyte devel ops, the micropylar surface of the gan. t«:phyte which bears archegonia
separates from the covering cellsto form a space called the urchegonial chamber. Various
developmental stages of the femal e gametophyte and archegoniumare depicted in Fig. 2.13.
Study thisfigure carefully.

The mature archegonium has a neck made up of asingletier of two cells; there are no neck
cana cellsand the ventral canal nucleus also degenerates. The egg nucleusis large, upto
500u in Cycasrevoluta and isvisibleto unaided eye. It takes about 2-3 monthsfor the
archegoniato mature.

Cyiadopnida:
Cycas
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Free nuclear ,
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Fig. 2.13 : Developmental stages of female gamietophyte in cycads. a-c, f-j) Cyeas spp.; d, €) Dican
sp. a)A megaspore mother cell. b) A tétrad formed after meiosis i n megaspore mother
cell. ¢) The functional megaspore is a large, distinct cell, whereas the remaining
three dcgeneratcd megaspores are present as dark masses. d, €) Stages showing
formation of numerous nuclei aftcr division of the functional megaspore. The free
nuclei gradually acquire cell walls around them, as shown in e Note the radial
arrangement of cells. | n e, also note three layers = outer, middle and inner, of the
integument enclosing the nucellus that has a prominentpollen chamber at the tip.
Further, archegounialinitials differcntiate frem amongst micropylar eclls of the feinale
gametophyte. This and the subsequent stages of arehegonium nre depicted in fto j. f)
Archegonial initial divides to form a neek initial and a eentral cell, g) A young
archegonium has & central cell, two ncck cells and a distinct jacket. h) The central cell
nucleus undergoes division. Note prominent ncck cells at this stage. i) Mature
archegonium has egg, ventral canal nucleus, and degenerated neck cells. The egg
nuclews enlarges and often reaches up to 500 yim in size, and occupies central position
in the archegonium. j) Part of free nuclear embryo and surrpunding jacket cells. The
thick egg membrane shows large pits through which cytoplasmic connection is
maintained. (a-c, after De Silva and Tambiah, 1950; d, e after Chamberlain. 1935; f, h,

40 after Swamy, 1948; g, i, j, after Maheshwari, 1960).




SAQ4

Which of thefollowing statements are not true for cycads? Choosethe correct answer from
the choices given below.

i) A bulbil borne by afemale plant would also produceafemale plant.
ii) Most cycads bear several male cones and a singlefemale cone.
iiijy A mature female cone emits astrong characteristic smell to attract pollinators.

iv) Cone, sporangia, micmsporophylls and sori is the order in which the structuresare to
be handled to have access to the male garnetophyte.

v) The reproductivestructures are devoid of mucilageducts.

Thefemaleplant sequentialy bearsfirst the foliage leaves, followed by cataphyllsand
then the megasporophylls.

vi)
vii) The megasporophyllsare considered as the modification of the foliage leaves.
viii) Cycadsare knownto producethe smallest ovulesin the wholeplant kingdom.
Choices of Answers

a i, i, dii, vii

b) i, iv, vi, vii

¢) v, v, vi, vi

d i, iv, v, viii

2.5 POLLINATION, FERTILIZATION AND
EMBRYOGENY

After the devel opment of male and femal e gametophytes, further development can take
placeonly after these two are brought together through pollination, and subsequently
fertilization. The pollen grains are transported to the femal e plants by means of wind or
insects. They are caught in the pollination drop secreted at thetip of the ovule, and are
subsequently 'sucked in' through the micropyleto the pollen chamber. The pollen chamber
isthen seQIed from the outside world to prevent invasion by pathogensand to providea
congenid environment to the devel oping embryo. In the meanwhile, the pollen grain
germinatesto form a pollen tube at the end opposite to the prothallia cell and it is haustorial
in nature. The antheridial cell divides into stalk and spermatogenouscell. Two spermsare
formed by the division of the spermatogenous cdll (see Figs2.11, 2,14). The continued
growth of the haustorial pollen tube leadsto the degeneration of nucellar tissue. The
spermatozoids 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 makessix turns
.on the body, and to it the flagellaare attached. The sperms are rel eased in the archegonial
chamber from the pollen grain through tubular growth on the side of the prothallia cell. It
eventually casts off itsflagellar band and its nucleus approachesthe egg and sinks intoit.
This marks the compl etion of fertilization. Zygote is the product of this process. Of thetwo
spermsproduced per pollen, only one participatesin fertilization, whereasthe second sperm
degenerates. Embryogeny begins by the division of the zygote. In early stages, the
development is free-nuclear and the nuclei arrange themselvesaround a vacuolein the
archegonium, Later, most of the nuclei move towards the base, and the upper portion has
few nuclel. Wall formation starts from tho base and these form the proembryo. The upper
cellselongateto form the suspensor. Compl ete 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 dow and it takes over ayear
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for the embryo to mature
after fertilization. Since there
aresevera ovulesper’
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. Y oung seedsare
copiously covered with
brown hairs. By the time the
seeds become mature, these
hairsare shed. The ripe seeds
are fleshy and become bright
orangeor red in colour.
Being tropical or sub-tropical
plants, cycads do not
undergo winter rest. Seed
germination is hypogeal

(Fig. 2.15).

Circinate vernation

D,

Uninucleatemicrospore

Prothallid cdll
Antheridid initial

Antheridia cdll Tube Cell

Sterile cdll . -Spermatogenous cell

Flagellated sperm  Flagellated sperm

Fig. 2.14 : Schematie diagram depicting stages in the development
of male gametophyte in cycrds.

Fig. 2.15: n-f) Stages of development of & Cycas seedling,
(a-f, after Maheshwari, 1960).



26 DISTINCTIVE FEATURES AND CONSERVATION
CONCERNS

Cycads were common during the mid-mesozoicera, and their antiquity is established by the
large number of fossi| cycads reported from many parts of the world. Present day cycads
have a very limited distribution. Most cycads contain certain glycosides (cycasin and
macrozamin) that are poisonous, or some other physiologically active substances. It is
believed that the presence of these substances might have helped this group to survive upto
the modem era (al so see Unit 5, Economic Importanceof Gymnosperms).

Box 22 Reasonsfor Declineand Conservation Measures for Cycads

Cycadsare under alot of pressure because: (i) their natural habitatsare being
indiscriminately spoilt/destroyed; and (ii) they are being continuously removed for
sdeor ascollectors items. The [UCN (Internatipnal Union for Conservation of
Natureand Natural Resources) currently recognizes 26 speciesas endangered
worldwide. It isimportant to conserve the cycadsat the international aswell aslocal
level. The CITES (Convention of International Trade in Endangered Species)
prohibits/restricts trade in endangered species, and some cycadsare listed under these
categories. Cultivation in Botanic Gardens has played amajor role in the conservation
of cycads. Increasing awareness about the importanceof cycads may help ensuretheir
survival in natural habitatsalso.

The Cycadales, like the pteridosperms, show a number of filicean characterscombined with
the seed-bearing habit al ong with gymnospermous features. However, unlikethe seed ferns,

their sporangiaare borne on specialised lateral structures— the sporophylls. The sporophylls
in turn are organised into groups called terminal mae and female cones. Cycas is the only

exceptionin that it haslax arrangement of |eaf-like megasporophylls. The anatomical
characteristic feature of cycads isthe presenceof girdle traces in the stem.

Thisgroup of plants has survived as remnantsof a line of plantsthat once dominated the
earth's vegetation. But they are now decreasing rapidly, partly dueto their natural decline
and more because of man's indiscriminate intrusioninto their natural habitats, The time may
not be very far when probably all the species may disappear if they are not protected from
man's ondaught.

In Indiaaswell asin other parts of the world, cycad speciesfind themselveson the verge of
extinctionand are listed in the Red Data Book. There isthusan urgent need to conserve
these ancient plants. In fact, reintroduction of saplingsinto the habitatsfrom wherethey
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 Makea concept map of the events associated with pollination in cycads?

Cycndopsida:
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The extinct group Pteridospermales
o the pteridospermsexisted from
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Porian TG HAPRERS 2 Bbarn
ferns and gymnosper ms. L.e., foliage

likethe fernsand formation o f seeds
like the gymnosper ms.
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SAQ 6 Draw parallels between the cycads and the Filicales.

27 SUMMARY

In this unit you have studied that

Cycadaleswere prevaent during the mid-mesozoic era. At present, over 100 species
grouped in 11 generaarefound in restricted locations, both in the Eastern and the
Western Hemispheres.

Cycas hasa pam-like appearance with columnar, aerial trunks and a crown of leaves.
Thebulbils which are adventitious buds develop into branches and also contribute to the
vegetative propagation of the plant. Two crowns of |eaves are producecl annually during
the favourable seasons.

In Cycas, the primary root system comprising atap root is replaced by adventitious
roots. Some of these roots branch dichotomously, turn apogeotropic and perform the
role of nitrogen fixation, and are termed as coraloid roots. Anatomically young roots
resemble those of angiosperms. The coralloid root anatomy is similar to the normal root,
but it additionally hasadistinct agal zone in the middle of the cortex.

The stem is characteristic of xerophytes. The abundant mucilage cells help in
conserving water. Pith is prominent, and it occupies nearly one third arca of the stem.
Thewood is rnanoxylic and stemsderive mechanical strength from the persistent leaf
bases present on the surface. The girdling leaf traces are the other characteristic feature

of cycad stem.

Cycashears dimorphic |leaves - the scale leaves and the foliage leaves produced in an
alternate manner. The scale leaves have a dense coating of the ramenta; and the foliage
leaves are unipinnately compound having circinate vernation, rachis and leaflets. Both
rachis and the |eaflets exhibit xerophytic characters. The vasculature of the rachis shows
distinct diploxylic (pseudomesarch) bundles.

Cycas bears male and female reproductive organs on separate plants, i.e., they are
dioecious. Malecone isa large terminal structure, borne singly and has a peculiar
odour. The male cone consists of a large number of microsporophylls, each bearing
numerous sporangia present in groupson its underside. The female plant bears several
megasporophylls, each bearing many ovules arranged in two rows.

Pollination 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
undergoes embryogeny and forms the seed. The seeds do not undergo dormancy, and
exhibit hypogeal germination.
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It is believed that the presence of certain physiologically active substancesin cycads
have enabled them to survive up to the modern times. This group a so presents marked

similaritieswith the seed-ferns.

2.8 TERMINAL QUESTIONS

1. What promotesbranchingin cycads?

2. Why isit that some cycads have thinner trunks near thelower region ascompared to the
upper part?

3. GivenacCycas tree, how would you determine itsage?

4. Compare the normal and the coralloid rootsof Cycas. Draw labelled figuresto mark the
differences.

5. With the help of labelled outline diagramsonly, depict the structure of rachis at two
levelsin theledflet, one, near the point it connectsthe leaflet, and the second, near its
tip.

6. Comparethemale and female reproductivestructuresof Cycas.

7. List theanatomical featuresthat are characteristicof cycads.

8. Devissastrategy for the conservation of cycads.

2.9 ANSWERS

Sdlf-Assessment Questions

1 d

2. ¢C

3 a tap
b) cordloid

o

6.

C) wider, presence

d) persistent leaf bases

€ sago

f) leaf basearmour

g) conducting tissue

d

See Section2.5

Hint : Pick out the pollination related key termsfrom the section, arrangethem in a
logical sequence and connect them with arrows. Y ou may use connectingwords for
linking theseterms.

Hint : Read Section 2.6. and compileall the relevant pointsgiven in the Unit.

Terminal Questions

L
2

o A

Physica injury isan important factor leading to branching in cycads.

Asthetreesage, the older leaf bases, which obviously are near the lower region abscise.

Thereforethe lower trurk appears thinner than the . »er region.

Count the number of |eaf bases, divide by half the number of leavesin the crown. See
Section 2.2.

Refer to Section 2.3.1.

Reed the descriptionsgiven in Section 2.3.3 and make outlinediagrams.

See Subsections2.4.1 and 2.4.2;

Hint: 1t would be agood ideato bring out these differencesin atabular form. Outline
diagramscan enhance the clarity of your answers. So make as much use of them as
possible.

Hint : Write the anatomical peculiaritiesof the vegetative structures.

Write your viewpoint,

Hint : You can includethe following aspects in your answer: spreading awareness, in
situ conservation, use of the biotechnological breakthroughs.
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