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Diversity and evolution

of plants

The study of origin, variation and
relationships  of diverse living
plants is related to the study of
plant evolution along millions of
years. The living plants are
estimated to be 320,000 species,
some of them are so primitive and
made of one cell, others are highly
“complicated and made of millions
of specialized cells. The majority of
plants that populate our earth
belong to the flowering plants, their
number of species are estimated to
be 220,000 species, a number
exceeding those of all other known
plant species. From the huge
number of flowering plant spécies,
few were selected and demo-
sticated  from wild ancestors.
These are cultivated as crop plants.
The most widely cultivated ones
are those which are cultivated for
their carbohydrate  contents,
including potatoes (Fig.1.1), cereals

as corn (Fig.1.49) and sugar cane.

In the course of evolution many

complex forms of growth appeared
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among plants (Fig.1.2). Early plants
were aquatic, simple in structure,
soon acquried motility, and during
millions  of vyears terrestrial,
complex and non-motile plants
were found. The oldest group of
plants are the simplest one known
as thallophytes. Thallophytes appeared
in the Pre-Cambrian Era, since 1500 to
3000 million” years. These include
eight classes of algae; Cyanophyta,
Chlorophyta, Euglenophyta.
Charophyta, Pymrophyta, Phaephyta,
Rhodophyta and Chrysophyta, Vand
five classes of fungi and bacteria;
Myxomycota, Phycomycota,
Ascomycota, Basidiomycota and
Schizomycota.

Later on, in the Palaozoic Era,

about 345 to 395 mil]ion)Ear_s,

. appeared the bryophytes which is
re-presented by two classes;
Hepatophyta and Bryophyta,

and the pteridophyts Psilophyta,
Microphyllophyta, Arthrophyta and
Pteriodophyta.

In the late Palaeozoic Era, about

225 to 345 million years, the
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gymnosperms including  four
Coniferophyta, Cycado-

Ginkgophyta and Gneto-

classes;
phyta,
phyta appeared.

The Angiosperms or the flowering
plants, though it isthe largest‘and
the most conspicuous group of
modern plants are grouped in one
class, known as Anthophyta, which
is the last to appear on earth during
the Mesozoic Era since 135 million
years. The plants included- under
the Anthophyta are divided into
two broad groups; Dicotyledonae

and Monocotyldonae (Fig.1.3).

Schizomycota
(Bacteria)

Bacteria are  the most

simple and minute cellular
organisms. They are procaryotic
organisms; lack difinite nuclei.
Bacterial cells lack chloroplasts,
and their shape may be spherical,
rod-shaped, spiral or
filamentous. Cell diameter does
not exceed one micron. Cell

of

often

walls are mostly made

chitin and cells are

i2

asdll Al e alies b B
Aw Osle 345 (N 225 s dia
s Aol &0l ol @ ek
T W P QN R - WP PO
CBRP N PR I LW PR BN PPt
gl

On o2l (h s A a Sl LAl

VI Aaall cillal) aaly L S
Lo Caaal 5o aaly aud 8 pans Lgd
DLa @ LS ol (e pehs

- Osle 135V sa die dasaesll a0l

PR I E T P
Gl g oalall <l Led pdic genae
(13 dS.&) aal gl skl

d8G1aY cly jhadll
(1559)
T PP N R R
LS s . dual) A el sy
NRCHIPREIINR S R e [ g
i;;:\é:\Y_jl g Ly (e—So
L ol pomd gy (o
S Aypean A58 0% a8 il
BYSEELTy REMEA NN b SIS

O3S A0 LY 5 1S



(g B
psilophyte plant

13



encapsulated singly or in

groups by a gelatinous

material. Inside the cell wall
there is a plasma membrane
which serves as boundary for
both the cytoplasm and the
nuclear material.

Bacteria divide by simple
binary fission. Spherical cells
be

cells, but usually ' grouped

may found as single

together, in pairs as in
Diplococcus, in chains as in
Streptococcus, in  irregular
shapes as in Staphylococcits.
Rod

singly, in

shaped bacteria occur
pairs or in chains

and many of them are

flagellated. Spiral-shaped
bacteria occur mostly as single
cells, all of which are

flagellated. Some are highly
coiled as Spirillum, others are
loosely curved, wavy or simply
curved as Vibrio. Many of the
rod-shaped bacteria as Bacillus
transform into  central or
terminal endospores inside the

bacterial cell wall (Fig.1.4).
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Myxomycota

Myxomycetes are considered
the most lower fungi. The
vegetative  structure is a
plasmodium which is a mass
of protoplasm delimited by a

thin plasma membrane. The

. plasmodium does not have a

definite size or shape. After it
matures it is converted into
one or more fruiting bodies
typical of the species. The
fruiting body is covered by a
periderm. Within the fruiting
body, there is a hair-like net-
work known as capillitium
attached to the peridium or to
the columella. Spores are

formed  abundantly  and
occur between the capillitial
threads. Spores germinate and
produce 1 to 4 swarm cells.
Swarm cells may lose their
flagella, undergo a number of
divisions, copulate  in

pairs and form zygotes. -
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Growth of zygote is Aaccompanied
by a series of mitotic nuclear
divisions resulting in the multi-
nucleate plasmodium with diploid
At

plasmodium thickenss, assumes

nuclei. maturity,  the

the shape of fructification and

the nuclei undergo meiosis.
Nucleus surrounded by cytoplasm
.and thick wall develops into a

spore (Fig.1.5).

Phycomycota
The hyphae of the fungi
belonging to the phycomycetes
are filamentous non-septate and
contains

coenocytic; the  cell

several nuclei. Cross walls are

only formed to delimit re-

productive  structures. Asexual
reproduction by motile or non-
motile spores, usually formed in
sporangia. Sexual reproduction
results in oospore or zygospore
of

Rhizopus stolonifer was highly

formation. these  fungi,
investigated (Fig.1.6). It is a

saprophyte, causing bread black
mold and attacks jams and plenty

of crop in storage.
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R stolonifer forms stolons
which develop rhizoids and
. sporangiophores  at  certain
points. Sporangia are formed at
the top of sporangiophores. A
septum is formed to separate
the sporangium where non-
motile spores are formed from
the sterile columella and the
sporangiophore.

Sexual production requires the
presence - of two compatible
strains + and -, and when they
come near each other copulating
branches called progametania
are formed toward each other,

and get in contact. A

gametangium is separated bya -

septum from each

The

the nuclei

progametangium. two

gametangia  fuse,
pair, and the zygote becomes a
The

germinates  to

Zygospore. Zygospore
foom a
sporangiophore ending in a
sporangium.

Some of the phycomycetes

are parasites on plants and
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reproduce on them, as those
causing downy mildews, and
Pythium  spp. that cause
damping off of seedlings.
These -

and oogonia.

fungi form antheridia
Oospores are
formed after fertilization. In
asexual reproduction sporangia
are formed. When sporangia or
oogonia  germinate vesicles
containing. are

formed (Fig.1.7).

Z00spores
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Ascomycota

The fungi belonging to the

ascomycetes are  mostly

filamentous  and  septate.
Asexual reproduction is carried
out by production of conidia,
which are cut off from the
ends of conidiophores . Sexual
reproduction ends by ascospore
formed inside closed structures
known as asci. Each contains,
usually, eight ascospores.
Mostly asci are formed within

or on ascocarps, e.g., Eurotium
sp. (Fig.1.8).

The non-sexual stage of
Eurotium s
Aspergillus. The hyphal cell
which giving rise to the long
erect conidiophore is called
foot cell. The conidiophore

terminates with a bulbolus
head; the wsicle, over which a
large number of bottle-shaped
sterigmata are formed in one or
two  layers. Conidia are
- produced in chains on the top

layer of sterigmata.

known as -
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Sexual reproduction takes place
between the antheridium and
ascogonium Male nuclei pair with
female nuclei, then ascogenous

hyphae are  produced, from
ascogonium, branch. Globose asci
are produced within closed
spherical ascocarp. Asci dissolve
away, leaving ascospores free

within the ascocarp.

Some of the ascogenéus fuﬁgi '

form disc-shaped or bottle-shaped
ascocarps on which club-shaped or
cylindrical asci are formed (Fig.
1.9).

Basidiomycota

Basidiomycetes are important

group of fungi including obligate "
plant pathogens (rusts and smuts) .

and saprobes (mushrooms). The -

mycelium consists of branched,
septate hyphae with perforated
cross-walls, and anastomose freely.
There is a strong tendency for cells
to be binucleate. The important
feature  distinguishing basidio-
mycetes is the basidium which

is a specialized structure bearing
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Fig. 1.9: Disc-shaped and bottle-shaped ascocarps
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externally four basidiospores.
The young basidium has two
haploid nuclei, these fuse
forming a diploid nucleus.
This
meiosis forming four haploid

mucleus  undergoes
nuclei which pass out into
the basidiospores which are

produced externally.

The fungus Puccinia graminis
tritici causes the black stem
rust of wheat (Fig.1.10) which
is characterized by the black
pﬁstules on the stems and
leaves during early summer.
The pustules burst and the

stalked two-celled teleuto-

spores appear. These teleuto-

spores remain dormant until
the following spring. Over-
wintering takes place into the
uninucleate diploid stage after
karyogamy has occurred.
Early in the spring, each cell
of the teleutospore germinates
and produces a  basidium
into which the diploid nucleus

migrates, undergoes meiosis
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and forms four haploid nuclei.
Septa are then laid down,
separating the nuclei from one
another, into four cells, then
nuclet pass out through
sterigmata into the basidio-

spores (Fig.1.10).

Mushrooms (Agaricus spp.)
are  characterized by non-
septate ba51d1a
together into hymemum The
basidium - is  club-shaped,
unicellular with four terminal
basidiospores. The mycelium
lives on organic matter in the
soil and may last for years.
The fruit body (basidiocarp)

consists of short stalk bearing

a circular cap from which the

gills hang down vertically.
Gills are not. all of the same
length. They converge from
the circumference towards the
stipe. The hymenium covers
the surface of each gill. The
hymenium consists of basidia
set at right angles to the surface

(Fig.1.11).

grouped_
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" conditions.

Cyanophyta

The blue green algal cell-
except for its pigments-closely
resemble the cell of bacteria.
The blue green algae contain
chlorophyll and other pigments
as  carotinoids, xanthoﬁhyll,
phycoerythrin (red)
phycocyanin (blue). Most of

and

the blue green algae secretea
gelatinous sheath.

There ‘are two basic types of
blue-gréens; filamentous and
(Fig.1.12).

genera as

non-filamentous
The

Nostoc produce vegetative cells

filamentous

in chain. In between the
vegetative  cells, there are
heterocysts. The  filament

between two heterocysts is

known as . hormogonium.
 Certain  vegetative  cells
increase in size, contents

- and become thick-walled and

known as akinites which
can tolerate the unfavorable
Asexual  re-

production by binary fission, or
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fragmentation of the filament.

Sexual reproduction is un-
known.

Non-filamentous genera as
Gloeocapsa  are  unicelled
forms. Asexual reproduction by
binary fission followed by
separation to individual cells.
These cells sometimes fail to

separate and form colonial
type.
Chlorophyta

Green algae live in fresh or

salt water. The chlorophyll
masks the other pigments
which are present. Most

members of the group produ;:e

pyrenoids in the chloroplasts.

Green
or  multicellular. The uni-
cellular froms may be motile as
Spp.
nonmotile as Chlorella sp. The

Chlamydomonas " or
multicellular forms are colonial
(Pandorina and Volvox) (Fig.
1.13), filamentous (Spirogyra
and QOedogonium),  membraneous
(Ulva spp) and tubular (4cetabularia

The majority possess

Spp.).

algae are unicellular-
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vegetative cells that produce a
cellulose cell wall with well-

organized  protoplast with

endoplasmic reticulum, golgi
bodies, mitochondria and true
nucleus.

Asexual reproduction by
zoospores and fragmentation of
a part of the filament. Sexual

reproduction ~ ranges - from-

isogamous to oogamous.

Spirogyra is a common

mutticellular unbranched
filament found in fresh-water
lakes and ponds. Each cell has
an elaborate, spiral-shaped
chloroplast with a pyrenoids.
Spirogyra reproduces asexually'

by fragmentation and sexually

by scalariform or lateral
conjugation  process  which
consists of the union of

amoeboid gametes (Fig.1.14)

Euglenophyta
Members of Euglenophyta:

are single - celled, solitary,
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members contain chlorophyii,
beta“carotein, xanthophyll and
carry on  photosynthesis. They
store their excess food as para-
myllum. Other members lack
chlorophyll and are qchloro-
phyllous. All members have
animal

characteristics  as

“mobility by flagella, Tight

receptors - (eye spot), gullet
(reservoir), and lacking cell
wall. Reproduction by mitosis

followed by cell duplication.

Sexual reproduction is
doubtfull, but if present is
isogamous.

Euglena lives in fresh

water. Its presence -in fresh

of
pollution. The cell boundary is

water is indication
a plasma membrane, and so
cell shape constantly changes.
The anterior end of Euglena is

differentiated into an elongated
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flask-shaped structure called
the gullet which ends with
the reservoir. The flagellum
is attached at the base of the
reservoir. FEuglena has a
nucleus and chloroplasts

(Fig.1.15).

Charophyta
Members of charophyta are
similar in pigmentation and
starch stbrage to both green
algae and green land plants.
They contain more chloro-
than caroteins and
These

differ considerably from other

phylls

xanthophylls. algae

algae. The vegetative body is

an erect axis which is divided
into nodes and internodes, with
whorled branches at the nodes.
The plant axis is attached to the
substrate by rhizoids as it
grows upon muddy or sandy
bottom of fresh water pools,
but some of these algae thrive

best in hard clear water.
Asexual spores are not

produced, but many members
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produce asexually by

vegetative structures. Sexual

reproduction is oogamous. The

gametes are produced in

complex  antheridia and
oogonia. Most species are
homothallic, and a few are
heterothallic.The gametangia
are produced on the branches
at the . nodes and the
homothallic species produce
both at the same node.
Chara sp. is an example of
this group (Fig.1.16).
Pyrrophyta
Pyrrophyta are unicellular
organisms which live in
marine and fresh water.
Most members are auto-
trophic. They possess a well-
organized nucleus. The cell
wall contains cellulose and

so they have a definite
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Fig. 1.17: Peridinium
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shape. The body is surrounded
There
are two flagella extending from a
One

flagellum lies in the groove, and

by a transverse groove.

point in the groove.
accounts for spinning motion,
the other extends outward at the
posterior end and accounts for
forward ~ motion. Members
reproduce . chiefly asexually by
cell duplication.

Peridinium is an example of

this group (Fig.1.17).

Chrysophyta
Chrysophytes are yellowish
green to golden brown in
colour due to the presenece
of of
carotenoids. Food reserves are

high proportions

generally chrysoléminarin and

oils.  Four classes  are
recognised including. Xantho-
phyceae (yellow green algae)
as Vaucheria and bacillario-
phyceae known as diatoms.
Vaucheria is coenocytic
filamentous, branching species
Asexual reproduction by the

formation of zoosporangia,
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each contain one zoospore with

numerous  pairs of flagella.

Sexual reproduction is
oogamous, conjugation occurs
between biflagellate sperm and
egg giving rise to the zygote
(Fig. 1.18).

Diatoms are unicellular
organisms, which live in
" marine and fresh water, with
beautifuly ornamented

silicified walls composed of

two halves, each is called a -

valve. One of the halves is
slightly larger and overlaps the
other as haves of petri dish.
The

larger valve is called

epitheca and the smaller oneis

called hypotheca. Part of the .

living  cytoplasm excludes

through a longitudinal fissure

~in the cell wall known as a

the

to move. The cell

raphe, and enabling
diatoms
contains a nucleus and plastids

(Fig.1.19).

Diatoms reproduce asexually

by mitosis. Division of nucleus
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follows division of cytoplasm

inside the old cell wall. Each

of the daughter cells produce
a new hypotheca by using its
Kalf of the old wall as an
epitheca. Thus the old
hypotheca becomes  the
epitheca that produces a new
“hypotheca.  After  several
generations, the new members
become reduced in size. In
those members, unique sexual
'spores, the auxospores, are
produced.

Phaeophyta

The brown algae are mainly
marine algae. They owe their
colour to the presence of the
brown pigment, fucoxanthin,
which masks the chlorophyll. It
contains the largest known
algae, known as kelps. The

complexity of organization and

the size of kelps exceed those
of other algae and many land

plants. They are covered in

mucilage. Many of the brown
algae have holdfasts, stipes and
blades. There are air bladders

located on the stipe and blades

to allow the algae to float
(Fig.1.20). These structures
vary in size and morphology
from species to species.
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Many brown algae re-

produce asexually

by
zoospores, and sexually by
isogamous (Ectocarpus) or
oogamous gametes (Fucus).

Alternation of generation

appears in certain brown

algae as in Ectocarpus.

Fucus (Fig.1.20) possess a
diploid thallus  which
produces oogonia and an
theridia in conceptacles. The

oogonia produce eight eggs.

The gametangia are
interspersed among para-
physes.  Meiosis  occurs
during the production of
gametes, which  unite
forming a zygote that

germinates producing new
alga (Fig.1.21).
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Rhodophyta

The red algae are so named
because the red pigment,
phycoerythrin dominates over
other pigments present. Red
algae aré largely marine algae.

The red algae produce variuos
kinds of asexual sporeé;. The
sexual reproduction in the red
algae is unique among algae.
The male organ, spermatangia,
is one-celled and produces a
single spermatium. The female
organ, carpogonium, possesses
a long protuberance called tri-
chogyne.

Spermatia  are

released into water and  are

passively transported to the

trichogyne. The spermatium

nucleus migrates

spermatium - into the trichogyne .

and finally down to the bottom
of the carpogonium where it
fertilizes the egg nucleus. In the
simple alga Nemalion the zygote
nucleus undergoes meiosis.
Cellular

with the ultimate production

duplication follows

from the
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of a group of short filaments.
The cells of
filaments mature as haploid

then

these
carposporangia and
protoplasts are finally released

as haploid carpospores. The

carpospores  germinate and
become gametophytic plants
(Fig.1.22).

Hepatophyta .

Small piants found mostly in
humid The

gametophyte is the free-living

tropical areas.
dominant phase. It is photo-
synthetic and is generally larger

than the sporophyte, which is

always attached and dependent '

on the gametophyte.
Gametophytes are lobed
or divided and sometimes di-

chotomously branched, and is

attached to the substrate by

unicellular  rhizoids, and

having superficial antheridia

and archegonia. Following
fertilization the zygote divides

to form the sporophyte. .
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The
of afoot, seta and capsule. The

sporophyte is composed

capsule matures -  before
elongation of their stalks.
Capsules  usually  contain

elators beside haploid spores.
Marchantia (Fig.1.23) has a
branched

gametophyte, which bears on

dichotomously

its upper side antheridia or
archegonia and gammae cups.
Gemmae cups are small open
cups, each  multicellular,
vegetative reproductive bodies

called gemmae.

Bryophytes (mosses)
. Mosses are widespread in

humid areas. Spores usually

develop into prostrate branched

growth
The

protonema sends multicellular

filamentous  green

known as protonema.

thizoids to substrate and forms
buds which grow vertically into
leavy shoots, on which sex
organs are produced on their
tips. Antheridia and archegonia
are multicellular and borne in
clusters at the tip of

gametophores.
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Following fertilization the

moss zygote gives rise to
sporophyte, which consists of a
basal foot

gametophyte, elongated seta and a

anchored in the

terminal capsule (Fig. 1.24).

The capsule is a complex
organ having a peristome
formed of layers of teeth
surrounding the opening. The
peristome is closed over the
opening of the capsule in wet
weather, but when dry they fold
back allowing the spores to
disperse. Spores are haploid
and thus on germination give
rise to - the haploid protonema.
Funaria is an example of this

class.

Psilophyta

Psilophyta are considered to
be the lowest seedless vascular
plants. Only two genera of this
are

class living, Psilotum

and Tmesipteris.  Some are

fossils and are preserved in
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rocks of Devonian age (about

395 million years), as Rhynia.

Gametophytes are small

subterranian  bodies lacking
chlorophyll and sometimes
having vascular  tissues.

Antheridia and archegonia are
multicellular and . borne on the
same gametophyte. Antheridia
are subglobose and archegonia
are flask- shaped.

Sporophyte is the dominant
generation and made of erect
dichotomously branched aerial
green stem, often with small

leave-like  appendages, and

horizontally branching sub-

terranean  rhizome bearing

rhizoids (Fig.1.25).

Psilotum stem is differentiated
into epidermis, cortex and
protostele, in which the phloem
surrounds the xylem whichis

usually stellate (Fig.1.26).
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Sporangia are borne terminally
in groups of three, on very
short lateral branches. Spores
. after

are haploid formed

reduction division.

Mierophyllophyta

Sporophyte is the dominant
generation, - while
phyte is

terranean or terrestrial.

-gameto-

small and sub-
Sporophyte consists of stem,
leaves and roots. Stem mostly
dichotomously
contains a central stele, often
with
the core, and

stellate protostele
tracheids in
phloem laying between the

xylem arms (actinostele).
Leaves are narrow and usually
small, with a single unbranched
midvein. Roots emerge from
the underside of the stem in
prostrate species or from near
the base of stem in upright
species, and grow downwards
into the soil.

In Selaginella (Fig.1.27)

are aggregated

strobili. Each

sporophylls

into  distinct

branching, .
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haploid and of two Kkinds,
yielding
which
biflagellate spermatozoid are

microspores

antheridia, from

produced, and megaspores
producing archegonia.
Following  fertilization, the
embryo  grows into the

sporophyte (Fig.1.28).

Arthrophyta

The sporophyte is the dominant
generation. The gametophyte
being a small thallus. Both
generations are  photosynthetic,
independant at maturity.

The sporophyte is a seedless
with
leaves and roots. Stem is green

vascular  plant stem,

longitudinally ridged jointed, .

and bears whorl of small
narrow leaves at each joint
(node).

between

Branches  appear
leaves at the joints.
The aerial stems of Equisetum
(Fig.1.29) arise as branches
from subterranian rhizomes.

Mature aerial stem has large

central cavities surrounded by a:

ring of wvascular bundles,
followed in the cortex by a
ring of longitudinal cavities
(Fig.1.30)..
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Roots are short and slender, -

originate at the nodes of the

rhizome and subterranean

parts of the aerial stem.

Sporangia are borne on
sporangiophores arranged ina
strobilus, in
Each

terminal

successive whorls.

sporangiophore carried at its:
10 -

end 5
sporangia, 'in which haploid

expanded to

spores are formed. Spores
germinate to form cushion-
shaped gametophytes inwhich
antheridia and archegonia are
developed. Sporophyte
developé from fertilized egg.

Pterophyta (ferns)

They are moisture and shade-

loving plants, mostly
perennials. Sporophyte is the
cOonspicuous generation
however, both generations are

independent at maturity.

Stems are mostly rhizomes
from which alternate leaves

and adventitious roots arise.

64

oo L35 4 gl 55008 5300
Bl Asa J¥1 615015 053 W Sie
- eed
e Azegijall GV Jaas
Uy 4550 aa gy S Jalsn
daba JS Joay - (il dag jia (B
5 dnaddl 4l (o A e S
O3Sy ¢ gagiym oS 10
sl Ll o 3 L gty
0958 o B jall o o ca g g5 SH
S5 Al A shagelal plsea¥l -
GLn'ac'i_’_)g-s.ﬁ sbaact Lgs iy
O agiad pnal Ly sl

. ". - " . o . as—

Lol ol il
AL 8 stk s34 aa g
3 yama Ugalina y ¢ A3k ) & LK
ol bl b e gial sl
—= gl g shl f
Lie Lagaiany (e GHius asdlally

. gl
Leio zady 4y Wl @l

REACER ISP [PE PESH PN



* cortex 54..&.5 :

cavity t\j

 endodermis o il

/

pith cavily%

tli..-.lla’;*

Phioen, sl

xylem sy !

Fig. 1.30: Equisetum, T.S. in aerial stem
| 58 s ) B g8 pa e U

65



Leaves are mostly compound

with branched vascular system,

they are circinate;” the young .

gfowing blade unroll from the tip.

Sporangia are mostly borne
on the fertile region of the leaf,
in groups called sori. Each

sorus is covered by a flap of

tissue or by the inrolled margin ~

of the leaf. These coverings are
known as true and false indusia
(Fig.1.31).  When
germinate green heart-shaped

spores

gametophytes are produced. -

On the gametophyte antheridia

and archegonia are developed, -

on its ventral surface. After
the zygote
develops into the sporophyte.

fertilization

Example of this class is

Adiantum.
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Coniferophyta

Conifers are longlived
plants, including the biggest
trees of the world, e.g. Sequoia
gigantea. Their growth is
mostly pyramidal.

Leaves, mostly simple and
small, needle or scale-like.
Venation is never reticui_ate,
may be parallel as in Araucaria
araucana “or with a single

median vein as in Pinus.

, In Pinus the male cones

(microstrobili) are produced in

.. groups on the lower branches. .

Microsporophyils are attached
to axis of the cone, and pollen
sacs are borne on their lower
~surface, and in them pollen
o gfains are formed (Fig.1.32).
| The female cones (mega-
1 strobili) of Pinus are produced
near the apex of the tree.
Ovules are borne on the upper
side of ovuliferous scales, as

outgrowth of the cone axis.
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Pollen grains which land on the
pollination drop are drawn down
into the pollination chamber,
where they ~germinate. Pollen
tubes grow through the nucellus
discharging the sperms into the
female gematophyte  and
fertilizing the eggs.

Conifer seeds oftenly have one

embryo. The mature embryo

consists of a radicle, a plumule
and several cotyledons.

Cycadophyta
Cycads are dioceious slow-
with

growing seed plants,

upright naked ovules, found in

tropical and subtropical regions.

Stem typically thick, erect
and unbranched, bearing a
terminal rosette of typically
firm, large, pinnately
compound palm-like leaves.
Roots are typically taprbots,-
some of their branches may
grow upwards to ground
surface.

Micro-and megasporophylls
are aggregated into separate
strobili

plants.

borne on different
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]

The microsporophyll bears
on its lower side hundreds of
microsporangia,  and
praduces hundreds of haploid
microspores.

The megasporeaphyll bears
from two to several ovules,
each develops into female
gametophyte, which enlarges,

and the archegonia appear at its

- micropylar end.

Pollination is brought about
by (pollens),

which are wind dispersed.

microspores

Microspores germinate in the
sugary pollination drop at the
orifice of the micropyle. The

formation of the embryo
follows  immediately after
fertilization.

Mature seed has two to

several cotyledons. Of the
genera of this class is-Cycas
(Fig.1.34).

Ginkgophyta

There is only one living species

known in this class; Girkgo

biloba (maidenhair tree). These

are dioecious tall trees, with

each
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lateral branches bearing both Jong
and short shoots, and having long

tap roots (Fig. 1.35).

" Leaves are deciduous fan-
shaped, most of them are borne
on the short shoots. Venation is
of the dichotomous type.

Male strobili are borne in
the axils of leavs, each carries
numerous  microsporophylls

along its: axis, and each
carrying 2 to 4 microsporangia
(pollen sacs)in which pollen

grains are developed.

Ovules are borne in pairs at
the end of slender stalks.
Pollinatios is assisted by a
pollination drop at the micro-
pyle. The pollen tube grows
into the nucellus and eventually
discharges the ciliate sperms
above the archegonia.

Following fertilization the
zygotes develop and usually
only one of the paired ovules
mature into a seed. The embryo
is  dichotyledonous and is

embedded in endosperm.
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Gnetophyta
These plants are considered to
be  intermediate  between

gymnosperms and  angio-
sperms. They are characterized
by their embryo which has two
cotyledons and their strobili of
both

compound with superficially

sexes which are

sepal -or petal-like structures:
This class consists of only

three genera; Ephedra, Gnetum

and Welwitschia.
Ephedra is normally

the

productive strobilus is cone-

diogcious, male
like termination of short shéot,
bearing a number of bracts
arranged in decussate pairs, in
the axil of each is a male
flower consisting of a perianth
of two scales and a stalked
stamen and bears two to
several anthers (micro-
sporangia), in which pojlén
grains are produced. The
female strobilus is similar to
the male one, but smaller in
size and fertile only in the

uppermost bracts (Fig.1.36).
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Pollen is, mainly, distributed by
wind and germinates directly on
the
gametophyte.
its

surface of the female
Pollen tube
pushes way into an
archegonium. Following
fertilization the zygote develops

into seed.

.... .. Anthophyta
(flowering plants)

The flowering plants are the
most advanced, most abundant
and most widely distributed
living vascular plants. They are
known as angiosperms. These
plants are the most recent
group to develop on earth.

They differ from other seed

plants known collectively as
gymnosperms which includes
cycadophyta,
ginkgophytd and gnetophyta,
by the fact that the ovules and
seeds of flowering plants are
enclosed within the pistil which
later becomes the fruit, while in
other seed plant ovules and
seeds are not covered. Also the

coniferophyta,

flowering are

characterized by the presence

plants
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of veesels in the xylem, except
in some primitive woody forms
and the presence of companion
cells in the phloem. . -
The diversity of growth
forms among the flowering
plants exceed all other vascular
plants. The sporophyte is the
dominant generation, while the
gametophytes 1is reduced to the
female embryo sac and the
male bol-len 'gréin. Typically
the sporophyte plant consists of
two systems; root system
and shoot system. The firstis
positively geotropic and the
second is negatively geotropic.
The root system functions
for anchoring the plant to
substratuny = and
and

normally

water

brownish in colour, consists of
a main root resulting from the
growth of the embryo’s radicle
and known as tap root, which
bears lateral branches (Fig.
1.37). Roots may arise from the
stem and known
adventitious roots (Fig.1.49).

Certain modification’ may be

as

found among roots as the case
in tuberous roots, which may
be modifications of tap roots

absorping

subterranean,

solutes. It is
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radish which has a

conical shape and beet witha

as in

napiform shape, or may be a
modification of adventitious
roots as in Dahlia and sweet
potato (Fig.1.38).

The shoot system is
composed of the stem with its
lateral appendages which bear
the leaves. It develops, from
- the growth of -the embryo’s
plumule. Regions where leaves
are borne are the nodes and
regions between successive
nodes are the internodes.

Stem elongation results
mainly from the activity of the
terminal bud, while branches
develop from the activity of
axillary buds in leave’s axils.
Buds
when arising from other places

may be adventitious

as in case of Bryophyllum,
where buds arise from leaf
surface (Fig.1.40).

modification of

stems are known as in case of

Some

subterranean stems including
rhizomes, corms, tubers and
bulbs  (Fig.1.39).

in certain aerial stems,

and as

e.g.
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phylioclades; leaf-like, as in
Ruscus and Asparagus (Fig.
1.41).

Leaves are green appandages
of the stem, made of base,
petiole and expended blade.
They are the photosynthetic
organs. Leaves are either
simple or compound. A simple
leaf consists of a single leaf
blade. A
consists of
attached to a common leaf stalk
(rachis). Compound leaves are
of two kinds; pinnate in which
leaflets appear from the sides of
the rachis as in roses, and
palmate in which leaflets arise
from the tip of the petiole as in

compound
several leaflets

chestnut.

Leaves are differentiated by the
shape,  size, texture and
venations. Venation is the

arrangement of veins (vascular
bundles) in the leaf blade. There
are two principle types of
venations; reticulate and parallel.
In the reticulate type as in
Hibiscus the branches of the vein
form a fine network, while in the
parallel type as in com and

banana the veins run parallel to

each other (Fig. 1.42 & 1.49).

leaf -
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Flowers are produced at a
certain stage of plant growth.
The flower is the organ of
reproduction. It is a specialized
short shoot with four kinds of
modified leaves. Two of these
modified leaves are sterile; the
sepals (collectively the calyx)
and the petals (collectively the
corolla). The other two kinds
are’ concerned  with re-
production; the stamens which
are the microsporophylls and
the carpels which are the
megasporophylls (Fig.1.43).

Stamens (collectively the
andioceium) are the male
organs, each consists of a
filament and a terminal anther.
The anthar usually consists of
joined by a
connective tissue. Each lobe
consists of two pollen sacs, in
which haploid pollen grains are
developed. In Malvaceae only
two pollen sacs are produced in

one anther (Fig.1.44).

two  lobes

Carpels (collectively the

gynoecium) are the female
organs. The carpel is the
structure  that bears and

encloses the ovules. It normally
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comprises the ovary, style and
stigma. Single separate carpel
or the group of fused carples is
called the pistil. The ovary
contains the ovules are attached

to ovaries by placenta.
The position of the placenta
differs among different plants.

Flowers may be borne singly or

they 'may be grouped in various"

types of inflorescens.

The mature ovule consists of

sac (female

an  embryo
gametophyte), surrounded by a
mass of parenchymatous tissue
known as nucellus, which is

‘covered by the integuments

except for a micropyle
(Fig.1.45).
Normally, the  mature

embryo sac has eight haploid
nuclei arranged in three groups;
three at the micropylar end
organise the egg apparatus, the
middle of which is the egg, the
two are the synergid
three
chalazal end are the antipodal

other

nuclei, nuclei at the

nuclei, two nuclei at the centre
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known as polar nuclei fuse
before fertilization to form a
diploid nucleus.

by

deposition of pollen grains on

Pollination occurs

the stigma. The pollen grain is
the male gametophyte, with
usually three haploid nuclei,
two sperm nuclei and the tube

nucleus. Pollen grain
germinates on the stigma,
producing a pollen tube

which
© stigma, penetrates the style.
The tube

advances

grows through the
nucleus usually
followed by the

sperms.  The tube
reaches the ovule and usually it

pollen

enters the ovule through the
micropyle. The end of the
tube
reaching the embryo sac, and

pollen burst when
the .two sperms are discharged.
One of the two

fertilizes the egg to form the

sperms

zygote. The second sperm fuses
with the diploid
resulting from the fusion of

nucleus

polar nuclei to form a triple

fusion nucleus which is called
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the endosperm nucleus, giving
rise by a series of mitotic
divisions 1o the nutritive tissue,

the endosperm.

The zygote covers itself with
a wall, divides mitotically and
develops into the embryo. The
embryo becomes differentiated
into plumule, radicle and one
or two cotyledons. During the
development of the embryo,
the endosperm  may be
consumed and the resulting
seed is non-endospermic or
some of the endosperm may
the seed 1s

stay  and

endospermic.

The nucellus of the ovule is

gradually consumed during

seed formation. However, in
few cases the nucellus persists
and is called the perisperm as
in peach seed (Fig.1.46).

Following fertilization, the
ovary walls are stimulated to
grow and develop into the fruit
pericarp, which encloses the
seeds inside. In some cases
other parts of the flower are
stimulated after fertilization to
grow and contribute to the
formation of the fruit and is
called pseudocarp (false fruit),
as in the case of apple fruit. In
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apple fruit the receptacle
develops and contributes to the
formation of the fruit, while the
ovary forms the core of the
fruit and enclosing the seeds
(Fig.1.486).

Fruits may be classified as
fleshy or dry depending on
whether or not the pericarp
develops into a fleshy tissue. In
fleshy. fruits, the pericarp is
usually differentiated into three
layers; outer toughened epicarp,
fleshy mesocarp and inner hard
or membranous endocarp, asin
fruits of peach (Fig.1:46) and
orange. Dry  fruits  are
characterized by hard pericarp.
These fruits may be indehiscent;
do not open to liberate seeds as
in hazel nuts and lettuce fruits,
dehiscent; open to liberate seeds
as in pea pods, and schizocarpic;
split into one seeded parts as in
caraway fruits (Fig.1.47). .

Seed is the structure that
develops from the fertilized
ovule. They vary greatly in size
from microscopic ones as in
broomrape seeds to giant ones as
in coconut seeds. Seeds are
covered by seed coats, developed

from the integuments of the

ovules.
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When more than one coat is
present the outer one is hard
and known as testa, and the
inner one is membranous and
known as tegmen. A small
bpening (micropyle) is usually
found in the testa. A scar on
the testa (hilum) marks the
attachment of the funiculus to
the placenta.

One embryo, and rarely more,
is found inside the seed. The
embryo consists of plumule
which may be surrounded by

coleoptile, radicle which may bé

surrounded by coleorhiza, and
one or two cotyledons (Fig.1.48).

Com grain is a dry indehiscent
fruit, in which the seed coats fuse
with the fruit walls during embryo
development. The embryo has
one  cotyledon known as
scutellum. Onion seed is also
monocotyledonous, the tubular
coiled embryo is embedded in the
endosperm.

Castor-oil seed is -
cotyledonous and endospermic,
and is characterized by the
presence of tumour-like spongy
tissue (caruncle) attached to the
micropyle.

The flowering plants are
subdivided into two subclasses,
dicotyledonae and mono-
cotyledonae.

OS5 e LAl L e (e
=Syt paills Gy g ladl s
G pays i) alall D)
i385 pallltale s gy . caladll
A ay . ol i A
5 ) Jall Jlost] ain g 223

bl

aaly a3l Jala aa g
oin O A8 aaple ) jaligasle
Al Ay ) G a0 S
28 A palhy ¢ Ayl aaa las
Ol f A Eay ydal 2y blay
- (1.48 Js3)
Ala 5y (e 5l 5530 da
3o Adle] aathi lgdy datitie 2
C Oiall QS ol 5 el aa ae
oyl Baal 5 A3l o (g giay Cpial
i Liad oo Jeadl 3y L deasly

96

- e sl Jals el V)
Q__jﬂé R tj_)_aj\ BJ;\_A_
T 35— 59 i g A yuua gl 5
i Al G yay o gl An iy

g

Coad M A i bl aus
ol g il <) Sl Cpand
. saal gl dalall dd

[



Scutellum N
. {

LEW-T]

Coleoptije |
N !

A

Shoot apex )
4..4)\ M!

e

)-U" 103‘ root apex | |

a,....la root cap’

)_..u\.l ,L‘;, Coleorhlzn ,

seed coat |

endosperm 2y }'\4

- . o‘y‘ede“ 41@
£ coty ledon
noot 8% . by pocatyl\
. o i e

_r:;dicle’ J._c.'b,- )

carundle u\--'\

: AL
radicle o
Section m‘ .

onion seed (I/”/[\\$\ ehdosperm eﬂﬂm k | s 3 é}b e
)

J‘“‘ sd d tU:J | LS. in castorbean seed .37

Flg. 1.48: Section in difference seeds b o8 el



Dicotyldonous plants
contain all plants having
embryos with two cotyledons.
They are herbaceous or woody
plants possessing fascicular
cambium, and thus they show
secondary thickening. They
usually have broad leaves with
reticulate venation. Floral parts
are typically in sets of five and
less often in sets of four.
Primary roots develop into
taproot (Fig.1.37). Beside the
taproot adventitious roots may
arise from the stems -of some
dicots, especially, rhizome
bearing, have mainly adven-
titious roots (Fig.1.39). -

Monocotyledonous plants
have  embryos with one
cotyledon. They are mostly
herbaceous plants. Very rarely
they possess cambium, thus
they lack secondary growth.
Leaves are usually narrow with
parallel venation. Floral parts
are in threes or multiple of
three. Roots are adventitious
arising from the stem which
entirely replaces the taproot,
and are mainly fibrous roots
(Fig.1.49).
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