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CEAPTER 3

PLANT KINGD oM

in the previous chapler, we looked at the broad classification of living
aorgantsms nnder the svstem proposed by Whitlaker | 1969) wheretn he
suggesied the Five Kingdom classification viz. Menmera. Protista, Fungl,
Amimalla and Plantae. In this chapter. wewill deal 1o detall with fariher
classificalion within Kingdom Plantae popufarty knowsn as (he ‘plant
kingdom’.

We st stress here (hat our understanding of the plant kingdom
has changed over time. Fungl, and members of the Monera and Protista
lavitig cell walls have pow been excluded (rom Plantae thouglt earlier
classifications placed theimn tn the same kingdom, So, the evanobacteria
that are also refermed (0 as blue green algae are not ‘algac’ any more, in
this chapler, we will describe Algae., Bryophvies, Pteridophyies.
Gymnospernis and Anglosperms under Plantae .

Let us alan look al classification wilthin anginspemmis lo undersiand
some of the concemns  that influenced the classification systems. The
earliest systems of classification used only moss superiicial morphiological
characters such as habit, colour. number and shape of leaves, elc. They
were based mainly on vegetalve characters or on the androeciom
structiure (system ghiven by Linnacus), Such systems were artificlal: Lhey
separated the closely relaled species sinee they were based onoa few
characteristics: Also, Lhe artificial syslems gave equal weightage 1o
vegetalive and sexual charactenstics: this 1s niot acceplable sinee we know
that often the vegetallve characlers are more castly affecled by
environment. As agamst (his, natural classification systems developed,
whitch were based on nastural affintties among the orsanisms and consider,
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not only the external features: but also internal features, like ultra-
siracture, anatomy, embryology and phylochemistry. Such a
classificatlion for flowering planis was gtven by Grorge Bentham and
Juseph Daltem Hooker.

At present phylogenetic classification systems based on
evolutionary relationships between (he varous organtsms are acceptable.
Thi= assumes that organisms belonging (o the same taxa have a colnmaon
ancestor. ' We now use information from many other sources oo (o help
resolve difficulties in classificalion. These become more tmportant when
there 1s no supporting fessil evidence. Numerical Taxonomy which Is
how easily carried oul ustrg conipulers s based on all observable
characienstics, Number and codes are assiuned o all the charaeiers and
the data are then processed. In this way each charscter s given equal
tmportance and al the same tme hundreds of characters can be
considered. Cytotaxonomy (lial is based on cvtological mformation like
chromosome number, structure. behaviour and chemotaxonomy Lhal
wses the chemical constituenis of the plant Lo resalve confusions, are also
nsed by taxonomisis these days.

3.1 Aicas

Algae are chlorephvll-bearing, simple, thallold, autotrophic and largely
aguatle [bolly fresh water and martne) organisms. They occur in a
vartely alf other habitals: molst stones, soils and wood. Some of Lhem
also occur In associatien with fungl (ichen) and animals (e.g.. on sloth
bear).

The [orm and sixe of algae Is highly vanable, ranging font colonial

lorms ltke Volvoxand the filnmentous forms like Ulothrixcand Spirogyn
(Frgure 3.1 A few of the marine forms such as kelps, [orm massive plant
bodies.
The algae reproduce by vegelative. asexual and sexual methods.
Vegetative reproduction s by ragmentalion. Each fragment develops into
a thallas. Asexual reprodueiion is by the producion of different Lypes of
spares, the most commmon being the zoospores. They are flagellated
fmotile) and on germination gives rise o new planis. Semal reproduction
takes place through [uston of two gameles. These gameles can be
Eagellaled and simitlar in size {as in Dlothria or non-Nagalided (non-mottle)
but similar In stze (as in Splrogyra). Such reproduciion is called
isogamous, Fuston of two gametes disstmilar in size, as in spectes of
Eudorina is lenned as anlsogamous. Fusion belween one large. non-
niotile {statie) female gamele and a smaller, motlle male gamele Is lermed
oogamous, c.&., Volvox, Fucus,

e ]



Piases Kb

Ehningthiber
colnny

Parent

culaiy

Alr lalithder

——Froped
Micdiils

Holidfns

fts-1] e fls-4i1)
Mon nxis

-

En Branchies
fe-1)
i)
Figure 3.1 Adgae ¢ [a) Green algae (1) Voloox fii) Ullodburix
i) Brown algae () Laminarie (i) Fucos (li§) Dietyota

lcd Red afgae () Porphyra {1 Polbsiphania

R



Algae are useful lo man in a vanety of ways. At least a hall of the total
carbon dioxide fxatton on earth 1s carmied oul by algae through
photosynithests, Being phiotosyntheiic they increase the level of dissolved
oxygen In (hetr immediate environment. They are of paramount
imporiance as pitmary producers of energy-rich compounds which foam
the basis of the lood cycles of all agquatic andimals. Manv species of Porphyra.
Laminaria and Sergasswn  are among Lthe 70 spetles ol marine algae
used as food. Certatn martne brown amd red algae produce large amounts
ol hytirocollofds fwater holding substances), ¢.g.. algin (brown algae) and
carrageen (ved algae)l which are used commercially. Agar, one of the
commercial products obiatned from Gelidiem and Gracilaricare used to
grow microbes and tn preparilions of lee-creams and jellles, Chlorella s
umeellular alga rich W proteins ts used as ood supplement even by space
Iravellers. The alzae are divided inio three main classes: Chlorophyceae,
Pheeophyceae und Rhodophycene.

3.1.1 Chlorophyceae

The members of chlorophyeeae are conumanly called green algae The
plant body may be unicellular. eolonial or Rlamentous. They are usially
grass green due W the donunance of plaments chlorophiyll aand b, The
pigments are lacalised in definite chioroplasts. The chioroplasis may be
discoid, plaie-ltke. reticulate, cap-shaped, spiral or ribbon-shaped i
different spectes. Mosl of the members have oiie o more storage bodles
called pyrenotds located in the chiloroplasts, Pyrenotds contstn protein
bestdes starrh: Seane algae may store food tn the form of oll droplets.
Green dlgae usually have a rigld cell wall made of an mner layer of eellulose
and an ouler layer of peclose.

Vegetative teproduciion usually takes place by fragmentation or by
formation of different types of spores. Asexnal reproduction s by
fNageltaied zoospares produced in poosporanssia; The sexual reproduction
shows considerable variation th the type and lormation of sex cells and 1L
may he isogamous, anisogamons of oogamous, Some commmanly found
green algae ane: Chiamydomonas, Volvay, Uothrix, Spirogymm and Chiara
(Figure 3.1a).

3.1.2 Phaeophyceae

The members of phacophycear or brown algae are [ound primarily in
marine habitats, They show greal varlatlon in stze and form. They range
from stmple branched, Mamentous forms (Eclocarpus) o profusely
branched forms as represented by kelps. which may reach a hetght of
100 metres. They possess chilorophyll o . carotenotds and xanthophyils.
They vary in colour [ram oltve green Lo varous shades of hrown depending
upon the amount of the xanthophyll plgment, fucexanthin present in
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them. Fooid 1s slored as complex carbohydrates, which may be m the
lorm of laminarin or marmilaol. The vegelative oells have a cellulosic wall
usually coversd on the outside by a gelattnous coating of algin. The
proloplast conlains, in addition (o plasids, a centrally localed vacuole
and nucleus. The plant body is usually altached io the subsiratum by a
holdfast, and has a stalk, (he stipe and leal ke pholosynthelle organ —
the frond. Vegetative reproduciian Lakes place by fmumentaiion. Asexual
reproduction m mest brown algae 1s by billagellate zoospares thal are
pear-shaped and have (wo unequal lalerally attached llagella

Sexual reproducton may be 1sogamons, anisogamous or GogaImous.,
Unlon of gameles may lake piace in waler o wilthin (he cogonium
[oogamous spectes), The gametes are pyriform [pear-shaped) and bear
two Lterally atached Magells: The common forms are Ectecarpus, Dictyota,
Laminaria, Sargassumand Fucus (Flgure 3. 1h).

3.1.3 Rhodophyceac

The members ol rhodopliyeesae are conimonly called red algae becanse of
the predaminance of the red ploment, r-phyeoerythrtn in thelr body. Majority
aof the redd algae are marine with grester concenirstions found i the wanmer
areas, They occur tn hoth well-lishied reglons close to the surface of water
and also al great depths In oceans where relatively Htle hohit penelrates.

The red thalll of most ol the red algac are multicelluiar, Same of them
have complex body argantsation, The food 1s stored as (lonidean starch
which 1s very similar to amylopectin and glycogen in structire,

The red algae usually reproduce vegetatively by (ragmentation. They
reproduce asexually by non-mollle spores and sexually by non-motile

Tame 3.1 Divislons of Algae snd thelr Maln Characteristies

' Name  Pigments  Food Number and
' ] Position of
Insertions
Chlorophyeche Groen . Chldrophwll  Stirelk  Celluloss 2.8, squdl.  Fresh wolter,
' nlpue . b upenl brachish water.|
sl winker
Pucophyeoae  Brown, Chiloraphvll  Mannitol,  Cellidose 2, umequal.  Fresh water
nlgie a,x lminarin  and algln  nteoral frave] brockish
' fueacnithin e waler, salt
Wl
Rhodophyorme  Hed Chiomphyll  Flondean  Cellulose.  Absent Fresh water
e a, . siarch pectin and |somme),
phycberyibrin paly brachkish
) sulphate wiler, sall
esiory wiker [oes{]
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gametes. Sexual reproduction s oogamous and accompanted by complex:
paosi fertiltsalion developments. The commaon members are: Polysiphonta.,
Porphigra (Figure 8. 1e), Graclarts and Gelidhim

3.2 BrvorsrTes

Bryophytes include the various mosses and liverworts (hat are found
ccommonly growing itn moist shaded areas in the Hﬂs[’i‘@m&ﬂl-

Figure 3.2 Hwtglﬁjtm:hllrﬁmt ‘Marchantia (x) Female (hallus  fbj Male tilhis
- [dh:mrtn.gzmrmphﬁcmﬂs;mwr let) Sphagnum
mm:mdnphyic
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Bryophytes are also called amphibtans of the plant kingdom because
these plants can ltve in soll bul are dependent on waler for sexual
reprociuction. They usually oceur in damp, humid and shaded localities,
They play an tmportani mole in plant suceession on bare ks /sol),

The ptant body of bryophytes Is more differentiated than (hai of algac.
[L 15 thallus-Uke and prosirale or erect, and attached o the subslralam
by untestlular or multicellular rhizotds. They lack (rue rools, siem or
leaves. They may possess rool-ltke, leal-ltke or stem-Ike structures, The
main plant body of the bryophyie is hapled. It produces. gametes, hence
1s called a gametophyte. The sex organs in bryophytes are multcellular
The male sex organ Is called antheridlum. They produce billageliale
antherozolds. The female sex organ called archegonium 1s {lask-sluped
anid produces a single ege. The antheroenlds are released mio water where
they come in contact with archegonfum. An antherozetd fuses with the
egp o produce the zyegole. Zygoles do not undergo restuction division
tmmediilely. They produce a mualticellulsr hody called a sporophyte.
The sporophyte 15 not frec-living bul attached o the photosynithetic
gametophyle and dertves nourtshment from . Some cells of the
sporophyte underge reduoction division (metests] o produce haploid
spores, These spores germinale Lo produce gametophyle.

Bryophivies in general are of litlle economie imporiance bul some
mosses provide lood for herbaceons mammals, hirds and sther animals,
Species of Sphagnum, amoss, provide peat that have long been used as
nel, and as packing material for trans-shipment ol Iivingmalerial beeaitse
of thetr capactty Lo hold water, Mosses along with lechens are Lhe first
organtss 1o colonlse moks and hence, are of greal ecological iImporiance.
They decompose rocks making the substrate suilable for the growth of
higher plants. Sthee meosses form dense mals on the sotl, they reduce the
impact ol [alling rain and prevent soll sosion. The bryaphyies are divided
tnlo liverworts anid mosses.

3.2.1 Liverworts

The liverworls grow usually in moisi. shady habiiats such as banks of
sireams, marshy ground. damp soil. bark of (rees and deep 10 the woods.
The plant body of & verwort ts thallotd. e g, Marchanila. The thallus is
dorsiventral and closely appressed (o the substrate. The leafy members
have Uiny leal-tke appendages in two rows on the slamn-bke simclores
Asexual reproduction in liverworts (akes place by fragmentalion of
thalll, or by lhe [ormallon of specialised siruclires called gemmae
(sing. gemmia). Cemmae are green, mulUcellular, asexual buds, which
develop tn small receptacles called gemma cups located on the thalll
The gemmae become detached from the parent body and germinate (o
[orm new Individuals. Thiring sexual reproduction; male and female sex
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organs are produced either on the same or on different thalli. The
sporophivie ts differsntialesd thto a fool. seta and capsule. Afier melosis,
spores are produced within the capsule. These spares germiinate (o form

{rec-living gemelophyles.

3.2.2 Moszses

Thepredomuinant stage of the lfe cvele ol a moss s the gametoplivie which
cofislsis of two staves, The lrsl stage s (he protonems stave, which
develops directly from a spore. It 1s a creeping, green. branclhied and
irequently lamentous stage. The second stage Is Lthe leafy stage, which
develops from the secondary prolonema as a lateral bud. They constst of
upright, slender axes bearthg spirally armanged leaves. They are attached
to/the soll through multcetiilar and branched rhtzotds, This stage bears
the sex organs.

Vegetative reproduction in mosses 1s by fragmentation and budding.
m the secondary protonema. In sexmal reproduction. the sex organs
arlherdia and archegonta are produced at the apex ol the lealy shoots,
Afler feritlisalion, the zveole develops into a sporophyte, conslsting of a
foot, seta and capsule, The sporophyte in mosses 1s more elaborate than
thai in liverworts: The capsule conlains spores. Spores are {ormed afier
mietosts: The mosses have an claborate mechianism of spare dispersal.
Comman examples of mosses nre Funaria. Pelytrichumand Sphagnuin

(Figure 34.3),

3.3 Premmorayies

The Ptentdophytes tnclude horsetatls and ferns. Plendophytes are used
for medicinal purposes and as soll-binders. They are also frequently grown
as omamenlals, Evolullonarily, they are the [rst terresirial planis Lo
possess vascular Ussues — xylem and phioem, You shall study more aboul
these tssues In Chapler b, The pleddophyles are found in cool. damp,
shady places though some may Dourish well (i sandy-sotl condittons.
You may recall that in brvophytes the dominant phase in the Iife
eyele 1s the gametaphyile plant body. However, in pleridopghyles, the
main plant body 1s a spormphyie which ts differentiated inlo trie root,
stem and leaves (Figure 3.3}, These organs possess well-differentiated
vasoilar tissues, The leaves tn pteridophyta are small (mtcrophylls) as
In Selaginella or larie (macrophylis) as In lerns. The sporophiytes bear
sporangia that are sublended by leaf-like appendages called
sporophylls. In some cases sporophivils may form distinet compset
struciures calied strobill or cones (Selaginellu. Equiseium). The
sporangla produce spores by melosts in spore mother cells. The spores
germinale (o give rise o inconspleuous, small bul muliteellular,
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Figure 3.3 Picridophyies : {a] Selagnella (hl Equisetom (el Feorm (d) Salomic
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free-living, mostly photosynthetic thalloid gametophytles called
prothallus. These sametophytes requite cool, damp, shady places Lo
grow. Because of this specific restricted requirement and the need for
water for ferttlisation, the spread of living ptertdophytes 1s bmited and
resiricied to narrow geographtcal reglons. The gameiophytes bear male
and female sex organs called anthendia and arcliegonia. respectively.
Waler 1s requitred for transfer of anthemeolds — the male gameles releasied
fram the anthenidia, 1o the mouwth of archegontum. Fuston of male gamele
with the egg present tn the archegontinn result in the formation of zyeote.
Zygole therealter produces a muliceliular well-differentiated sporophyte
which 1s the dominant phase of the plertdophyies, In majarity of the
pleridophyies all the spores are of stimilar kinds; such plands are called
homosporous. Genera ke Selaginella and Salvmia which produce
two kinds of spores, macro (large] and micro (small] spores. are known
as heterosporous. The memspores and microspores gezminale and give
rse lo female and male gamelophytes, respectively. The female
gamelophytes In these plants are retained on the parent sporophytes
for variahle periods. The development of Lhe szvgoles inio voung embryos
take place within the female gametoplivtes. This event is a precursor (o
the seed hablt considered an imporiant siep in evolulion.
The plertdophytes are further classtfied tnlo four classes: Psilopsida
(Pstlotum): Lycopsida (Selagimelia, Lijcopodtumy). Sphenopsida (Equisetunm)
-and Pieropsida (Dryoplerts, Plerts, Adtanturn.

3.4 GrmnosreERMs

The gyvmnosperms [gunmos : naked. sperma; seeds) are planis in which
the oviles are nol enclesed by any ovary wall amd rematn exposed, both
before and after ferttisation. The seeds thal develop post-fertilisation, are
not covered, Le., are naked. Gymnosperms include medium-sized trees
or tall trees and shiabs (Flgure 3.4). Oneof the gymnosperms, Lthe glant
redwood tree Seqguoia is one of the lallest (ree spectes. The roots are
generally Lap roals, Rools in same genera have fungal assoctation in the
form of mycorrhiza (Pinus), while tn some others (Cyoas) smasl] spectalised
roots called corallold roois are assoctated with N, - xtng cyanobaciena.
The stems are unbranched |Cyozs) or Brasiched (Pinus, Cedinesd. The leaves
may be stmple or compournd. In Cipns the pinnate leaves perstst for a few
vears, The leaves In gymmosperms are well-adapled towithstand extremes
of lemperature, humidily and wind. In comifers. the noedle-iike leaves
reduce Lhe surface area. Thetr thick cutlcle and sunken stomata also
help Lo reduce waler loss.
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The gymmoesperms are heterosporous: ey produee
haplotd microsporss and megaspores, The two Kinds af
spores are produced within sporangta that are bome
an sporophyils which are mvanged sptrably alomg an sxis
o form lax or compact sizobili or cones: The strobili
beartng microsporophylls and microsporangia are
cialled microsporangiale or male strobill. The
microspores develop Into a male gamelophytic
generation which is highly reduced and s confined to
only a mited number of cells. This reduced
gameiophvie s called & pellen grain. The des=lopimient
ol pollen gratns take place within the microsporangta.
The cones bearing megsporophylls with ovules or
megasporangiaare called macrosporangate or female
strobill. The male or lermale cones or strobill may be
Liorne on the samie tree (Pinonsj, Howsver, In cyoas male
cones and megasporopiylls are bome on different trees,
The megaspore mother cell 1s diffeventiated from one of
Lhe cells of the nucellus. The nacelius 18 prolected by
crivelopés and the composile structuie s callesl an
ovule. The ovules are bome on megasporophylis which
may be clustered (o form the female cones, The
megaspore mother coll divides metotically (o form four
mepaspores. Orie of he miegmsporss encloséd withiin the
megasporangium develops into a multoelular female
gametophyie hat besrs two or miore archegonla or
female sex organs. The multiceliniar female gametophyie
15 ales retalned wilhiin megasporangiom.

Unlike bryophvies and plentdophytes, In
gvinnospermis Lhe male and the female gamelophyles
dio nol hiave an independent freediving extstence. They
remain within the sporangla retained on the
sporoplivies, The pollen griin 18 released [rom the
microsporangium. They are carmed in alr cunrenids and
ooime in conlact wilh the opening of the ovules bome
on megasparophylls, The pollen tube canying the
male gameles grows lowards archegonia in the oviles
and discharyge thetr cantends near the mowth of the
archegonia. Following fertilisation, sygole develops
tnito an embryo and the ovules inin seeds, These seeds
are not covered.

202425

Figure 3.4 Gymnosperms: [a) Cycas
(b)) Pimes (o) Glnkgo



3.5 AxciosrPERMS

Unlike the gymnosperms where the ovlles are naked, in the amglospesms
or {lowering plants, the pollen gramns and ovules are developed In
specialised structures called flowers. In anglosperms, the seeds are
enclosed in fmits. The anglosperms are an excepbionally large group of
planisocrurring i wide range of habilals. They range n slee from the
smallest Wollfia Lo Lall trees of Encalyptus (over 100 metres), They provide
its with food, fodder, el, medicines and several other commerclally
mmportant products. They are divided into two classes @ the dicotyledons
-and the monocotyledons (Flgure 3.5).

() {b}
Flgure 3.5 Angiosgorms @ (o) A dicotyledon (B A moneootyledon

SumMuany

Plapi &ingdom includes alsse, byophyies, plefddoplyles, gymnosperms

and pngtospermes. Algae are chlorophyll-bearing simple, thalloid.
autotrophic and largely aquatic orgamsms. Depending on the type of
plement possesed and the type of siored food, algae are classiied mio
three classes, namedy Chlorophiveeae, Phacophyeeae and Rhodophyceae.
Algae usually reproduce vegetatively by (magmeniation. asexually by
formation of different tvpes ol spores and sexually by lormation of gameles
which may slhiow Isoginiy, anlsoramy or ODUENTY.

Brvophytes are planls which can Uve tn soifl bul are dependent an
waler for sexnal reproduction. Thetr plant body s more differentiated
than that ofalgac. it is thallus-ltke and prostrale or erecl and attached (o
the subsiraium by rhilrolds. They possess mol-like, leaf-llke and stem-



PranrKivcasat

ltke stmectures. The brvophyies are divided nto liverworis and mosses.
The plant body of verworts s thallold and dorstvenitral whereas mossis
have uprighl. slender axes bearing spirally amanged leaves. The matn
plant body of a bryophyte 1s gamete-productng and 18 called a
gametophyle. i bears the male sex organs calied antheridia and female
sex organs called archegonta The male and [emale gametes produced
luse (b form zyvgole which produces a7 mulucellular body called a
sparophyte. It produces haplold spores. The spores germinale (o form
gamelophytes,

In ptertdophytes the matn plant 1s a sporophyte which 1s differentiated
tnlo true root, stem and leaves. These organs possess well-differentiated
vascular itssues, The sporophyies bear sporangia which produce spores.
The spores germinate to form gametophytes which reguire cool. damp
places o grow. The gameiophytes bear male and female sex organs called
antheridia and archegonla, respectively. Waler is required for lransfer of
male gameles to archegonium where zygole 1s formed afer {ertilisation.
The zygule produces a sporophyte.

The gymnosperns are (he plants in which oviles are not enclosed by
any ovary wall. After fertilisatton the seeds rematn exposed and therefore
these planis are edlled naked-seeded plants, The gyinnosperms produce
microspores and megaspores which are prduced tn microsporangta and
megasporangia borne on the 5pﬂ_mph_ﬂ_l5‘ The sporophylls —
microsporophylls and megasparophylls — are arranged spirally on axis
Lo form male and female cones, respeciively. The pollen gratn germinales
atid pollen tube releases the male gaméte inlo the ovale, where 1t fuses
with the egg cell ingrchegmtz. Following ferttlisation, the zygole develops
into eminyo and the ovales into seeds.

The angiosperms are divided into two classes — the dicotvledons and
the monecotyledons.

ExXERCISES

1. Whal s the basis of classtficallon of algac?

£ When and where does roducion division take place in the Wi cycle ol a
Iverwori. A MOoss; a [0, & gYmnosperm and an anglasperm?

3. Name thiree groups of plants thal bear archiegonti. Brefly describe the
e eyele ol any one of fhem.

4:  Moention the ploidy af He following: protonemal cell of a8 moss; primany
endosperm nuelkens in dicot, leal oell of 0 moss; prothaiis cell ofa fenms
gemma cell in Marchantio: meristem cell of manocol. ovitm ol a Bverwort.
and rypoie of a fern.
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5. Wrle a noleon economic importance of algae and gymnnosperms:
i Both gymnosperms and angdosperms bear seeds, then why are they
i o st
7. Whal fs heterospory? Brielly commen! on its sggifieance. Give two
_ :
B Explain briefiy the following lerms with sutlable examples:-
1) protonema
) anthertcdium
() archegontum
(1) dtplonite
¥ sparophy!
V1) 1soganmy
&, Dilferenttate between the following:-
(1) rod algae and brown algae _
(1) tverworts and moss. '
(G nmﬂmmmwmmm
10, Mateh the followtng (cofrmm i with colmn 1)

11, Bescribe ttmhnpnttantnhamutmﬁu:s of gVmnosperms.

)




