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Meristem

Any plant tissue capable of
cell division is called meristem,
and by its activity the plant
grows. Meristematic cells, also
called initials are thin-walled,
richly protoplasmic  and
capable of rapid multiplication.
Each time an initial divides,
one ‘daughter cell, fetains its
meristematic  properties and
remains as an initial. The other
differentiates to form a cell in
the plant body, or may undergo
further divisions.

Three kinds of meristems are
recognized in primary and
secondary tissues (Fig. 3.1).

1- Apical meristems typically

consists  of small nearly

" isodiametric cells with

cellulose walls, dense

cytoplasm, large nuclei and
without central vacuoles. They
are found at the tips of stems

and roots.
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F1g 3.1: Position of meristems in grass stem and leaves
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2- Lateral meristemé,
typically consists of elongated
They lie

within - stems and roots, mostly

thick walled cells.

nearer to the surface than to the
centre and vparallel to the
e.g. cambium and
Their

result in increase in thickness

surface,
phellogen. activities
of the stem or root. All tissues
derived from lateral meristems
are called secondary tissues,
while those derived from apical
meristems are called primary
tissues.

Cambium s found in dicot
stems as one layer of initials
located between the xylem and
In a

section through the cambium,

phloem. longitudinal
in tangential plane, cambium
cells appear interlocked one
with another.
cambial initials are known.

a) Fusiform initials are more
or less elongated initials, give
rise 1o the long cells of phloem
and xylem, e.g. vessel elements,
sieve  tube

tracheids, and

Two kinds of
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elements. Also give rise to ray
initials. When fusiform initials
divide,

lengthwise

their divisions are in
mostly in the
tangential direction parallel to
the line of the cambium

(Fig.3.2).

b) Ray initials are more or less

cubical initials, they giverise

to the spherical cells of the
secondary tissue as the ray

parenchyma.

3- Intercalary meristems are
meristéms that are found in
primary tissues in positions
different from that of lateral
meristems as those found in the
bases of internodes and leaves
of grasses. Tissues derived
from intercalary meristems are
considered to be primary
tissues as those derived from

apical meristems, (Fig.3.1).
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Fig. 3.3: Types of root apex Ddall 8 Al aadll £
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Root apices

Root apices are simpler in
structure  than shoot apices,
because they does not produce
lateral organs as leaves and
buds in shoots. Lateral roots
arise, at some distance from the
apex, in the mature region of
the root. However, in root
apex, a cap i1s produced, thus
some authors prefer to descripe
the root apical meristem as
subapical.

The meristematic initials
from which root parts originate
range from one to many as
follows (Fig.3.3).

1- Only one solitary tetra-

:hederal initial is responsible

for the formation of all tissues -

of the root. Root cap is distinct
though not independent in
origin as in ferns, e.g. Marsilea
quadrifolia (Fig.3.4).

2- Initials are in two groups.
The inner group gives rise to

the vascular cylinder, while the

140

osdadl 4l il
Lo i laled ) shall Zpalil il
A aa s e linadl 3 e
Asla olael 8y L )
o hdl by 310 Ok
il e lagey T dplal) 5300

o Ohad e Al Fikie b )

Lt e 5l 4l L ¢ 1,

oAy L8 gl s Ledlas 5 guili 9 ga

il Al Can g Sy il gl
- el o gl s

Las o Lasaall L)

O lare o bias ) al o 5al e

(3308 LS e Y s

it alyd gy o o g-]
& GsS Oe A gle gl day
a5 5 gl L A 300 da LY
Lotid) & Biae ye Lo a2 500
de gl puall S LSl 13
- (34 JS8) Wty )3l € Ll L

Y S 1O WPV
35 LAl Caall . e
dsle I AR G & )



Fig. 3.4: Root apex of Mursilex quadrifolia
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outer group gives rise to cortex,
epidermis and root cap. Root
cap is not structurally distinct.

3- Initials are in three groups.
The inner group gives rise to
vasuclar cylinder. The middle
group gives rise to cortex. The
- outer group- gives- rise to
epidermis and root cap. The
root cap is not structurally
distinet.

4- Initials are in three groups.
The inner group gives rise to
vasuclar cylinder. The middle
group gives rise to cortex and
epidermis. The outer group is
specialized for the formatin of
the root cap, thus the root cap

1s independent in origin and is

structurally  distinct as in -

barley,  Hordeum  vulgare
(Fig.3.5).

By the use of isotops, it was
found in some roots as in corn,
Zea mays, that mitosis
proceeds at a much lower

speed in a group of cells in the

142

Bl pdaxy o LAl Chall Ly
B saailill S 5. 3 gailill g5 5 g
eyt

O gelae A0 22 53 -3
A giune Al de pandl . cigind
cigle M A gh WY o & e
¢ Bl (o gl de penal
380 Lo Las 4 il 4e paad
b B Y b gl 5 punild
g Lo e GaS 50

O gpabae A 2 a4
(b Al e gandll . ciglag
ic penal . A gle ) 4 gl
B R0\ PSS\ R NS B SRV |
Ls—-a'wi,_}_;_)u\ ic gead
Ol 1 gds ¢ A all 5 uill oy <o
o S sl (b Aliine 3 5wl
s o LS 55 Saes LaS B
(3.5 J88) e

Sapc A dall Ul Glaasids
350 Hada e dalt pea b
Sz il pd @L.u.i.'\az’i L‘j

Lol e Ze gane 6 8 ey



N3
3 M
. o
et
™) R ‘\\(‘.\
‘\.‘\.\“\\s

52y ) AN
initial of Cortexand
epldermm

)..-u)\ q.)\-)‘-”

jnitial of rool caP

Fig. 3.5: Root apex of barley il j3a 4 d:lill Zadl
. . ’ i . A |

. glerome;ieﬂsj\: I'.i\)h;ﬂ\“f';é

germatoge® ‘«;’5 S
' .=
periblem’ 3;"3‘ s

promeristem (“:"'}‘ 5

quiescent cenlere .')JS...J\

root cap 3)_,;&)\

Fig. 3.6: Re i \
3.6: Region of apical meristem ot «orn root ti
p
5 jds Aad 8 el afio jall dilaie

143



root apices then _in ihe

surrounding  celis.  This is
called the quiscent centre. The
cells at the boundary of this
centre are active and held to be
the promeristem, which gives
rise to the tissues of the
grc;wihg ro'ot-on the proximai
side and to the root cap on the
distal side (Fig.3.6).

Very near the promeristem,
certain steps in the process of
differentiation of the root are
established. All tissues derived
directly “by differentiation of an

apical meristem are called
primary tissues.
Three  histogens  are

~ differentiated from the activity

of promeristem (Fig. 3.7).
a) The dermatogen, gives rise
to the epidermis.
b) The periblem, gives rise to
the cortex.
c) The plerome, gives rise to

the vascular cylinder.
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Shoot apices
Growth in length of the stem
is due to an apical meristem,
occupying thé tip of the stem
remains functional
throughout

the

and
the plant life.
Usually shoot  apical
meristem s protected by the
adjacent newly borne leaves. In
some plants, it is dorment for a
part of the year and the leaves
which subtent it are relatively
small, firm and form a compact
covering. The apical meristem
with  its protective leaves
constitute the terminal bud.

The structure of shoot apices
vary different

belonging to different taxa.

in plants

The apical meristems of many
lower plants including some
algae, mosses,
and many ferns as Pteridium,
consist of single apical large
tetrahedral cells (Fig.3.8). The
apical cell divides by unequal

divisions at the three proximal

psilophytes,
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Fig. 3.8: Apical meristem of Pteridium s yip s o)) (a8 pims so
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faces in succession. The large
daughter cell of each division
undergoes further divisions,
while the smaller proximal cell
undergoes limited number ‘of
divisions, then the formed cells
become  differentiated and
mature.

In othef p'lan.ts ‘the épiéal
meristem consists of a group of
apical initial cells, which may
be the source of all tissues as in
Selaginella sp. (F 1g.3.9).

In gymnosperms the direction
of cell divisions in the surface
of the apex i both anticlinal
and periclinal and so this layer
represents the initiation zone of
the entire apex, and thus

termed the surface meristem.

Most apices of gymnosperms
are  characterized by the
presence of distinct zone of
central mother cells. Cells of
this zone are thick walled and

have numerous large vacuoles.
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The rate of cell division is
slow, but active divisions occur
at the borders. Other apical
regions develop along the sides
and the base of the central
mother zone, as a result of
diagonal and horizontal divisions,
and resulting in the formation of
the flank meristem laterally and
the rib meristem in the centre
Fig3.10). . - . o

Three types can be dis-
tinguished on the bases of
shoot apex structure.

1- The Cycas type : Three
meristematic zones can be
distinguished.

a) Surface meristem, gives
rise to the epidermis and other
apical meristematic zones.

b) Flank ineristem, gives rise
to the cortex, the procambium
and leave primordia. Its cells
are  small
elongated.

¢) Rib meristem, gives rise to
the pith. Its cells are larger and
more spherical than that of the
flank meristem.

2- The Ginkgo type: Five
meristematic  zones can be

recognized.

and generally -
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a) Surface meristem,
con'lpris-és the apical initials,
and gives rise to the epidermis.
b) Central mother cells, occur
in a medium position below

the surface layer.

¢) Cup-shaped cambium-like

transition zone, occurs. below

the central mother zone.

d) Flank meristem, forms a
ring surrounding the rib
meristem and gives rise to the
cortex, ﬁrocambium and leaf
primordia -

€) Rib meristem, occurs under
the central portion ofthe
cambium-like meristem and
gives rise to the pith.

3- The Cryptomeria-Abies

type: It is similar to the Ginkgo - -

type, with the exception that
the cambium-like transifion
zone is absent (Fig.3.10).

In shoot apices of Angio-
sperms,  flowering  plants,
several theories concerning the
shoot apex structure are

recognized (Fig.3.11).
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.1- The histogen-theory:

Three zones develop from
three independent groups of
initials.

a) Dermatogen, gives rise to
the epidermis.

b) Periblem, gives rise to
cortex and the internal
tissues of leave. =

¢) Plerome, gives rise to the

central cylinder.

This theory was suggested by
Hanstein 1868 on root apices
and was later on extended to
shoot apices. However, nowadays
this theory is not widely accepted
and is replaced by the tunj‘ca and
corpus theory.

2- Tunica and corpus theory:

Due to the difficulties in
tracing the three histogens

previously suggested  to
particular initials this theory
was highly accepted. Two
zones are recognized by their
planes of cell division. The outer
zone known as the tonica

consists of one to several
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layers of cells, which divide by
anticlinal walls, thus increasing
the surface area without adding
bnew layers. Each layer has its
own tier of initials,

The inner zone is known as
the corpus. In this zone cells
divide in various planes, so that
the whole mass increases in

- volume. The corpus is less
homogenous than the tonica
(Fig.3.12, 3.13). Three main
zones can be distinguished in
the corpus.

a) Zone of central mother
cells, locared below the apical
portion of the tunica initials.

b) Zone of flank meristem and

zone of rib meristem, appear as’

continuation of the central
mother cells zone.

In some plants as in Opuntia
type Fig.3.10, a cambium-like
be

the

transitional zone can

distinguished  between
central mother zone and the

flank and rib meristem zones.
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Leaf meristems

Leaf primordia are formed on
the flanks of the shoot apical
meristem. Several meristems
contribute to the growth and
final shape of the leaf. These
are known as apical, inter-
calary, marginal, plate and
adaxial meristems (Fig.3.14).

Apical meristem is found at
the tip of the leaf, it is
responsible for the increase in
length of the leaf.

Intercalary  meristem is
located  below the apical

meristem.  Generally, cell

division ceases first at the leaf

tip and continues at the base
by the intercalary meristem.
In monocots it occurs at the
leaf primordia and stays active

during the growth of the leaf

(Fig.3.1).

Marginal meristem is a
region of meristematic tissue
located along the edges of the

a . . .
leaf primordia. It gives rise to
mesophyll and  epidermal

tissues of the blade.
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Plate meristem appears as a
result of marginal meristem
activity. The established cells
divide,

expanding the blade laterally.

anticlinally,  thus

Adaxial meristem is located
below the upper epidermis of
the leaf, usually at the center. It
divides  periclinally, thus
cbntributfng to the growth in
thickness of  the leaf
especially of the petiole and
midrib.

Parenchyma

Parenchyma cells form the
foundation of all plant organs.
All other tissues are embedded
in the ground parenchyma
tissue. It forms the cortex and
pith of leaves, the ground
tissue  in
endosperm and in the pulp of
fruits. Parenchyma cells are
more ‘or less isodiametric,
seldom  much elongated,
showing a higher degree of
plasticity. They usually have
primary
conspicuous

pit-fields, and
intercellular

spaces between the cells.
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Closely-packed  parenchyma
cells are generally polyhedral,
mostly with 14 surfaces 6
square and 8 hexagonal
(Fig.3.15).

parenchyma cells are lobed or

In marsh plants,

stellate forming large air spaces
known as aerenchyma, as those
of midrib of Canna leaves and
~ petioles  of
(Fig.3.16). Cells of endosperm
show

without
(Fig.2.18).

intercellular spaces

In leaves and herbaceous

stems, parenchyma cells
contain chloroplasts and form
chlorenchyma. The cells carry
on photosynthesis and build up
food. Food

important function of paren-

storage is an

chyma. Parenchyma cells in

storage organs like tuberous
roots, underground stems and
of

cotyledons store starch grains

cells endosperm  and
and proteins. Parenchyma cells
also function as water storage
tissue in fleshy stems as in

Opuntia and leaves as in Aloe.
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Parenchyma takes meri-

stematic activity and form
meristems during secondary
growth in dicotyledons as in
Ligustrum plant (Fig.3.17). The
parenchyma cells get rid of
some of its vacuoles, become
small in size and undergo

mitosis as normal.

Collenchyma
Collenchyma cells are thick-

walled kind of cells

of elongated parenchyma

specialized
The

as  supporting

tissue. thickenings are
made of cellulose and pectic

compounds deposited in three

different forms. In the lamellar

form, thickening is presentin
the tangential walls in a plate-
like arrangement and found in
hypodermal layers of stems of
sunflower and sambucus. In the
angular form, the thickenings
take place, mostly inthe angles

as 1n the stem of Cucurbiia
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and lamina of Pancratium. In
the lacunar form, thickenings
occur in the walls" bordering

intercellutar spaces as in the

midrib  of lettuce leaves

(Fig.3.18).
Endodermis

Endodermis is a layer of cé]ls
universally present in the root
at the boundary ofthe cortex,
and the vascular cylinder, and
regarded as the innermost layer
of the cortex. It is characterized
by the presence of casparian
strip on the radial and the
transverse walls. The stripisa
~ part of the primary wall as it is
fonﬁéd in the early ontogeny of
the cell. It is composed of
suberin, lignin or both. The
of the
important with regard to the

structure root is
conducting movement of water
and solutes from the absorbing
cells to the conducting tissues,
and their release from the

'living cells of the vascular
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cylinder into the nonliving
tracheary elements.  The
location of  endodermis
between the cortex with
abandant intercellular spaces
and the wvascular cylinder
lacking ample intercellular

spaces ensure that water and

solutes through  the
protoplast
cells rather than through the
cell walls. Thus controlling the
rate of flow of sap solutes and

facilitating selective filtering

pass

of the endodermal.

of it. Endodermal cells can

prevent a leakage of solutes
cylinder-

from the wvascular
into and
consequence an increase in the
concentration of salts in the
pericycle develops.

cortex as a

The solutes are transferred
from pericycle into the
parenchyma cells, then to the

non-living wood vessels. There’

is a development of hydrostatic
pressure  in the wvascular
cylinder which acts to pump
the water and solutes to the top
of plant. .

In moncot roots further
thickening and lignification,
usually occurs over the entire
inner surface of the endodermal

168

salie YA de B Ay
Jmys - dall e Jopagll
¢ B G a5 uaya Y
B Ain cliles e (g a3
Lest Ji a0 ¢ Agle ) 43 ka1
ele il il @B g
Ba el 23y el sl
sy s s 29) LA a5y
O—Se i Laoa PLa
230 Ac ju (b aKalll ju y3 52l
Adee gt g 2D Jpdadd
¢ IR Jglaall (5 LAY s
P e )32V LA xia LS

o e 0 2 gl Y1 e Jllad)

IS5 A el e i g 5 il
ISl 2O
&V S ) e dladl Jais
e V1 () e ) LDAY
Al e pdiy ¢ Al pe 45080
= S gy s Gigaa

[P S DU PR BT P

colal Jef Y diladl g oL

3&19!‘ 3.}__:.:.._5 s.::LSL;J\ J_g.}; (ﬁ
| PR E T Iy SR



endodermal cells with easparian strips

e W e e gt D

\ pericycle ]5»—-'_ ¥
- primary xylem :3.\.-.;.\ s
primary pkloem ERTIIPS

g s e el 4 S 53l 3 o2 (D

Cross secion of morning glory root showing casparian strips

. 543 i .
_9}"‘? i I casparian strip I&MK b‘,“a
epidermis cortex .

root hair 1\ ~ phloem  s\3-
xylem _ls

JREReS iegl ) Apddt il e St Jgst yap

Passage of water and solutes frem root hair to xylem elements in reots

Fig. 3.19: Endodermis and casparian strips & € iy g e 2]

et
@)
2

Endodermal cells g3 55} Wl

. pericycleqL !s i



cells obscuring the casparian
strip, ~ starting opposite the
phloem and progressing towards
the protoxylem points and usually
leaving thin-walled passage cells
(Fig.3.19).

Epidermis

Epidermis is the outermost

" layer of celis of stems, leaves,

and young roots. Inrare cases
as in Ficus elastica leaf, it is
several layers thick (Fig.2.15),
the inner layer may be called
hypodermis.

The main function of
epidermis is to protect the inner
tissues from excessive water
loss, from mechanical injury

and from pathogens.

Epidermal cells are tabular and
often irregular in shape, and their
outer  walls
impregnated with a waxy material
called
aerial parts by a layer of cutin
known as cuticle, except in guard

are  usully

cutin and are covered in

cells. Epidermal cells seldom

have chloroplasts,
guard cells.

except in
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In grasses, epidermal cells

are  mostly long  with
corrugated walls, and between
them there are small cells of
two kinds, cork cells with
suberized walls and silica cells
rich in silica (Fig.3.20).
In.young roots epidermal
cells are not cutinized and
some of them extend outwardly
to form root hairs (Fig.3.1_9).

Thus increasing the absorbing

capacity of roots. In general

epidermal cells may extend to

the exterior, forming trichomes.

Trichomes

Trichomes are outgrowth
from epidermal cells, differ
greatly in  structure
function and are important in
plant taxonomy. They can be
classified into non-glandular

" and glandular.
1- Non-glandular trichome:
These can be unicellular or

multicellular.

and .
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a) Unicellular trichomes are of
different types 7and shapes.
These may be short and

pointed as in barely leaves and

may be hairy and long as in

peach fruit and Heliotropium
calyx (Fig.3.21), cotton seed
-and root .hairs (Fig. 3.19). In
few cases, the hairs have a
bulbous base in  which
cystoliths are formed. These
are hooked in shape in
Cannabis and Humulus leaves,
and may be as papillae, asin
" Viola (Fig.3.21).

b) Multicellular trichomes, are
uniseriate or  multiseriate,

unbranched or branched and

having different shapes. Multi- -

cellular, unbranched and
uniseriate is found in the needle-
shaped hair of cucumber.
Unbranched and bisereate 1s
found in the leaf of potato.
Unbranched and multisereate is

found in purslane petals.
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Multicellular, unisereate and
unbranched with an apical
hypertrophoid cell, ie.
vesiculated form, is found in
the leaf of Chenopodium album
(Fig.3.22).

Peltate hairs, each formed ofa
short stalk cell and on its topa
multicellular shield is developed,
are found in olive stem.

Multicellular and branched
hairs may be dendroid when
branching in tree-like fashion
as in Platanus leaves and
Withania stem, or may branch
in a stellate-fashion as in these
found on the petioles .of
eggplant (Fig. 3.22).

2- Glandular trichomes: These
trichomes are characterised by
thelr ability to secrete chemicals
whlch are often of the group of
ethereal oils. They differ in

different plants, in shape and in .

function. In nettle plant (Urtica
sp.) (Fig.3.23), hairs are formed
for protection. they are stinging
hairs. The hair is formed of a
single needle-like cell with a
swollen base surrouded by
epidermal cells raised above the.
level of the other epidermal cells.
The tip of the hair is spherical
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and salicified and is calcified at
somewhat lower part. The tip
breaks off when touched
leaving a fine point which
the

injecting into it the poisonous

penetrates skin and
material present in the swollen
base. In some plants which can
_tolerate high salt levels in soil,
have salt secreting trichomes,
as in salt bush plants. (Atriplex
spp.). Atriplex trichomes are
vesiculate hairs each composed
of a stalk cell and a bladder
cell. The solution containing
the salt ions pass from the
xylem to the mesophyll of the
deaf, through the epidermis to
the stalk cell. Salt ions are
eventually delivered to the
bladder where it is
deposited into its large central

cell

vacuole.
out, the salt content remains as
a white powdery layer on the
leaf surface (Fig.3.24).
Glandular hairs from
different plants are illustrated
in Fig.3.25. In lavender leaves,
the trichomes are disc-shaped
and carried on stalks. The disc
is made of secreting cells
radiation from the stalk and are

As the vesicle dries -
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cuticle.
of ethereal oils
between  the
walls and the

covered with
Secretions
accumulate
glandular cell
cuticle.
Glandular hairs from cotton
leaves and from calyx of
Abutilon are uniseriate and
bisereate. Those from stem of

Pelargonium  are uniseriate

with spherical unicellular head. -

Trichomes of tobacco leaves
consist of foot cell inserted
between normal epidermal
cells, and the body which is
formed of a big basal cell and a
multicellular head.

Stomata

Among the epidermal cells
there are minute pores. These are
intercellular each of

which s

spaces,
limited by two

specialized cells termed the guard

cells. The guard cells together
with the pore between them
constiture the stoma. There is a
respiratory chamber below the
stoma, which allows gaseous
exchange, between leaves and
outside. Stomata play a vital part
in transpiration, photosynthesis

and respiration.
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Stomata are found on aerial
parts and are absent on roots.
In monocot leaves, they are
found on both surface, butin
dicot leaves, they are found
mostly in the lower epidermis.
They are also present in
herbaceous stems and floral
parts. (Fig. 3.26).

Stomata arise through different
divisions in the protoderm.
After of

protodermal cell, one of the

several divisions
of these divisions

the
precursor of the guard cells.
This is the guard-cell mother

products

becomes immediate

cell, that eventually divides
into. the two guard cells. These
‘gﬁlarge and assume the
characteristic crescent shape.

The area which becomes the

pore shows a lenticular mass of .

pectic material which swells
and dissolves resulting in the
formation of the intercellular
space (Fig. 3.27).

The walls of the guard
cells bordering the aperture of
stomata are thickened while other
walls are thin. The guard cells
of dicots are kidney shaped.
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Four main types of stomata are
recognized in dicots on the basis

of arrangement of epidermal cells

neighbouring the guard cells, as

follow (Fig. 3.28).

1- Diacytic type: In this type
each stoma is surrounded by two
subsidiary cells, the common wall
of which is at right angles to the
longitudinal axis of the stoma

(Dianthus sp.).

2- Paracytic type: In this type
each guard cell is accompanied
by one or more subsidiary
cells, the longitudinal axis of
which is parallel to that of the
guard cells and aperture
(Acacia sp.).

3- Anisocytic type: In this type

the guard cells are surrounded .

by three unequal subsidiary
cells (Petunia sp.).

4- Anonocytic type: In this
type
surrounded by certain number
of cells that do not differ in

the guard cells are

size and shape from other

epidermal cells (Cucurbita).
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In graminae (Fig.3.29) stomata
are dumbbell shaped; bulbous
-thin-walled at the ends and
straight strongly thickened in
the middle. Increase in turgor is
accompanied by swelling of the
bulbous ends and consequently
of the

medium portion from each end.

separation straight
There are two cells associatea
with the guard cells known as
accessory cells.They contribute
in some way to the activity of
monocots are arranged in long
rows in between and parallel to
the long veinlets of the leaves

(Saccharum sp.).

In xerophytes, stomata are
variously protected from direct

exposure to sunlight. They may

be sunken in the epidermis as

in Aloe sp., or situated in
cavities in lower surface of the
leaves as in Nerium sp. (Fig.
3.30).
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Sclerenchyma

Sclerenchyma cells are
by
thick

secondary walls and by the loss

characterized having

uniformly lignified

of their protoplasm at maturity.
to
by
support, giving

Their main function is

provide  plant organs
mechanical
resistance to compression and

flexing forces. Two types of

sclerenchyma cells are
recognized:
1- The fibers: These are

elongated spindle-shaped with

narrow lumen and tapering
ends. Usually they have
inconspicuous  simple pits.

Fibers that occuf in xylem are
called xylary fibers and those
in phloem are

bast fibers
Xylary fibers

occurring

referred as or
phloem fibers.
may resemble tracheids, but
they are longer, more
cylindrical and tapering, with

thick pitted secondary walls

and smaller lumen. Phloem
fibers may be septate
(Fig.3.31).
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Phloem septate fiber from ,grapevine '

Fig.3.31: Fibers in longitudinal and transverse sections ‘
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2- Sclereids: These are highly
thickend lignified, more ar less
isodiametric  or  moderately
elongated and  sometimes
branched with very narrow lumen
inside. Walls have simple pits
which may by branched and look-
like canals. They are formed by
sclerosis of parenchyma cells or
they may arise directly from
meristems.

Sclereids are commonly
found in tropical leaves asin
Hakea leaf (Fig.3.34), certain
fruits and seed coats.

There are various types of

selereids as follows (Fig. 3.32).

A) Brachysclereids or stone

“ cells, are more or less

spherical, and are found in

flesh of pear fruits, pericyle of

Cassia stem and in Eucalyptus

leaves.

B) Macrosclereids, are rod-
shaped sclereids. They form the
outer layer of the seed coat in
many plants, in the endocarp of
apple fruits and in the bulb
scale of garlic (Fig.3.33).
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C) Osteosclereids,are bone-
shaped and are found in the
leaves of some xyrophytes as
Hakea (Fig.3.34).

D) Astrosclereids, posess
star-like arms, and are usually
present singly or in small
groups. They are found in stem
of Trochodendron. o
E) Treichosclereids, are thread-
like sclereids, which may be
branched as in the mesophyll of
olive leaves.

Laticifers
Laticifers are individual or
connected cells containing-
viscous fluid known as latex.
Latex is a colourless to white,
yellow or redish liquid contains
terpenes. Laticifers are of two

types (Fig. 3.35). One typeis

nonarticulated known as latex
cells, as they are single,
elongated, coenocytic cells, i.e.,
each cell contains a large
number of nuclei. Latex cells
may be unbranched, as in stems
of Vinca or may be branched
as in stems of FEuphorbia.
The other type is articulated
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known as laticiferous vessels

(ducts) and are formed from a .

number of cells joined tigether
and- their end walls soon
They may be

those

disintegrate.
nonanastomosing  as
found in Achras sapota, or they
may be anastomosing as those

found in petiole of Carica

papaya . (Fig. 3.35). Many of .

the plants ~possessing latex are

xerophytes, ie., Nerium,
Euphorbia, Calotropis and
Cryplostegia.

Phloem

Phloem is a cqmplex tissue
made of sieve tubes, companion
cells, phloem parenchyma and
phloem fibres (Fig.3.36, 3.37).

Sieve tube elements:
Sieve-tube elements are

long, slender, thin.walled cells -

arranged one above the
other in a series forming
a  continuous conducting

system, ' with the peculiar
thickened
biconvex cross walls known

perforated and

as sieve places. The young

element
of

sieve possesses

organelles typical cell
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including nucleus, plastids
~ mitochondria, dictyosomes and
endoplasmic reticulum.

Nucleus  disintegrates and
plastids degenerate as the cell
matures (Fig.3.37). Sieve tube
elements are the the only living
which

a nucleus in the

cells can function
_without :
whole of the plant kingdom. It
is believed that the nucleus of
the adjoining companion cell
function for the protoplast of
the sieve elements, also. The
sieve-plate has a large number
of perforations through which
the adjacent sieve elements are
interconnected by stand-like
prolongation’s of cytoplasm.
The sieve areas are comparable
to the primary pit-fields with
plasmodesmata occurring in the
primary of
parenchyma cells (Fig.3.38). In
the fall

callose is deposited around sieve

walls living

or after wounding,

plate perforations.
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Extensive accumulation of
. callose results in plugging the

pores and marks the end of the”

activity of the sieve element.
Callose is a carbohydrate that
stains blue with aniline blue. A
sieve plate composed of one
single sieve area is considerd a
simple sieve plate, while that
composed of a number of sieve

areas as in Nicotiana, Tilia and

Vitis is considered a compound
sieve-plate.

Sieve cells: Sieve cells are
found in lower vascular plants
and gymnosperms. Sieve cells
have relatively unspecialized
sieve areas.

Companion cells: Companion
cells are parenchymatous cells
closely associated with sieve
tube elements. They arise from
sieve-tube mother cells by
longitudinal  division. One
daughter cell becomes the
sieve-tube -element and the
other the companion cell
(Fig.3.39). Usually there is one
long companion cell associated
with a sieve-tube element in
the primary phloem of a
herbaceous plant. In the
secondary phloem of woody
plants many short companion
cells are associated with each
. sieve tube elements.
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Fig.3.39: Steps in the development of sieve tube element and companion cells
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In transverse section, companion
~ cells appear round or polygonal.
Young companion cells are full of
organelles viz. a big nucleus,
plastids, mitochondria, dictyo-
somes, endoplasmic reticulum
Companion

and ribosomes.

cells are absent in Pterido-
phytes
Companion cells play a role in

and Gymnosperms.

the function of a fully active
sieve tube They form a link
between sieve tube elements
and other cells. It controls the
passage of material between
the sieve tube cells and other
tissues of the plant body.

"Phloem parenchyma: Phloem
parenchyma are concerned with
storage of food as starch and
fat. In many plants, tannins and
resins accumulate in the cells.
The wall of such cells possess
in

primary pit-fields  as

typical
Phloem parenchyma cells are

parenchyma  cells.

absent in monocots.
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Phloem fihres: Phioem fibres

- are of two types, primary and

(]

secondary. Primary fibres are

found in  young stems.
Secondary phloem fibres are
found in secondary phloem.
The secondary thickening in

phloem fibres of flax (Linum

usitatissimum) (Fig.3.40) may

amount 10 to 90% of the area of
the cell in cross section. and
consists of 75-90 % cellulose.
The pits are simple or slightly
bordered.

Xylem

Vascular tissue is concerned

;with translocation of water and

solutes, from the roots to the
plant parts. It is composed
mostly of vessels, tracheids,
fibres and parenchyma.

Xylem vessels: Xylem vessels
are present in the angiosperms.
Each vessel is made up of
elements forming a continuous
longitudinal tube.
clements are usually long, but

Vessel

occasionally they are wide and
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short. Their end walls are
broken down to give the
perforation plates.  Such
perforation plates may be
simple or scalariform. The per-
forations may be present on the

lateral walls too (Fig.3.41).

During the development of
wood vessels from

procambium, the first formed

elements, found in the’

protoxylem  possess annular
and spiral thickening. In
metaxylem,  further lignin

thickening occurs. When the
wall is further thickened.
reticulate type is produced.
Finally the whole of the wall is
thickened with “lignin except
small pits, which form pitted
type (Fig.3.42).
Tracheids:

aﬁother cell type for
translocation of water and
solutes. They are dead elements
as xylem vessels. Tracheids are
-long with lignified secondary
walls and without protoplast.

Thickening may be annular,
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“distributed on

. pteridophytes

helix or pitted. The pits are
the adjacent
walls of the neighbouring
tracheids, through which fluids
pass. Tracheids form an
appreciable  part of the
conducting system in many
plants, and are the only type of
conducting elements  in
and _gymno-
sperms. In  gymnosperms,
tracheids are interconnected by
circular or oval bordered pit-
pairs in single, opposite or
alternate arrangements (Fig.
3.43).

Tyloses: Tyloses are bladder-
like ingrowths that protrude
into the wvessels or tracheids
through pits in their walls,
from xylem parenchyma
and medullary -ray cells., in
contact with them. Inside the
lumen of the wvessels or
tracheids  these
enlarge and become spherical
or pear-shaped. A number of
tyloses are formed from
different cells and may block
the lumen of the vessel
(Fig.3.44, 3.45). Tyloses are
associated with durable woods
and are formed as a result of
difference in the pressure in the
vessel and the adjoining paren-
chyma cell, or when the

protrusions
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vessel ceases to perform the
- function of connection as in
heartwood.
filled with tannins,

Tyloses  often
become
resins, gums and various
pigments giving the heardwood
its characteristic dark colour.

Wood fibres: Wood fibres
have lignified thickened-walls
and reduced pits as compared
with tracheids from which they
have evolved. The lumen is
narrow. Wood fibres form the
ground tissue in the secondary
xylem in which the vessels are
scattered (Fig.3.31).

Wood parenchyma: Wood
parenchyma are living paren-
chyma cells occurring in both
primary and secondary xylem.
In primary xylem, major part of
the xylem tissue is made up of
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Xylem parenchyma in which

vessels are scattered. In

secondary xylem, they are
present in two types; axial
parenchyma, derived together
with the tracheary elements and
fibres, the

cambium  initials,

from fusiform
and ray

parenchyma (medullary rays) in
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which the cells are elongated in
_ the radial direction formed by
the ray initials of the cambium.
The of

parenchyma is storage of food

function xylem

as starch and fat.

Periderm

Periderm- is a -protective

tissue of secondary origin,
originating at wound sites and
also from cortical parenchyma
cells of stem and root during
secondary growth. Its main
function is the protection of
inner tissue from water loss

and from wound pathogens.

s

The parenchyma cells are
transferred to meristems known
as phellogen, or cork cambium.
Each cell of the phellogen

divides to give rise to eithera

cork . cell towards the outside
or a parenchyma-like to the
inside, the other cell remains
always meristematic. Cork
cells formed to the outside of
the phellogen are known as the
phellem.  The cells are
suberized, well compacted and
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arranged in  radial rows. The

" parenchyma cells formed to the
inside of the phellogen are known

as phelloderm (Fig. 3.46).

The tissue of the phellem,
usually replaces the epidermis
and the function of stomata is

replaced by lenticels.

Lenticels

Lenticels (Fig.3.47 & 3.48)
are lens-shaped mass of loose
cells which usually originate
in young stem beneath the
stomata. Lenticels  allow
exchange of gases between the
inner tissues and the outer
atmosphere. i.e. they perform
the function of ventilation. A
group of cortical cells beneéth
the stomata become meri-

stematic forming the phellogen

as a continutation of the
phellogen of  periderm.
Phellogen cells divide to

produce phelloderm to the

inside and complementary
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tissue to the outside.

Complementary tissue  is
formed of thin-walled. non-
suberized cells. which enlarge,
round up and separate forming
loosely  arranged cells. The
complementary tissue presses
against the epidermis causing
its rupture, and thus becoming
exposed to the  outer
atmosphere.

In winter and in temperature
regions when cool air becomes
dangerous to plant tissues, the
the

narrow cells

produces to

flat,
connected together in plate-like

phellogen
outside

layer known' as closing tissue.

In spring when secondary
growth starts again, phellogen
produces new complementary
tissue, which presses against
the closing tissue and ruptures
it. The of

complementary and closing

formation

tissues is consecutive process
accomplished during spring

and winter seasons.
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Fig.3.48: Micrograph of T.S. in lenticel of Sambucus nigra
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