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Primary structure of stem

Stems grow typically above
ground  exposing leavs to
sunlight,  but  sometimes
underground stems are found
(Fig.1.39). Stems are
characterized by their nodes
which are the places of origin
of leaf primordia. The upper

angle betweéen the leaf and - -

stem is the axil, from which
axillary buds may develop. The
portion of stem between two
successive  nodes is
intemode. Stem elongation
results from cell division in and
near the apical meristem and
from the elongation of the cells
of
beneath the apical meristem.

internods especially just

Branching of stems differ from
that of the roots, in that they
originate exogenously, i.e. arising

from the outside, incontrastto

root branches which originate
endogenously (Fig 5.7). _
Anatomically, stem is bounded
eﬁ%\émally by epidermis which
is usually made of one layer of
cells covered extermally by a

layer of cuticle.
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This is followed by the
fundamental tissue which is
usually parenchymatous and in
which a  network  of
longitudinal strands of vascular
bundles are embedded.

The fundamental tissue may
be differentiated into an outer
. cortex, followed by one or two
layers of vascular bundles,
separated by medullary rays
made of parenchyma cells,
followed by the pith which
occupies the centre, as in most
dicots. This
eustele type (Fig.4.15). In
most monocots we find that

stele is of

vascular bundles are scattered
allover the fundamental tissue
which 1is called the ground
tissue. Its stele is of the
atactostele type (Fig. 4.15, 6.1).

The vascular bundles in
most stems are of the type of
cbﬂiﬁtera] bundles (Fig. 6.2),
the xylem occurs towards the
the phloem

centre, while

occurs towards the cortex,
usually separated from xylem

. by cambium.
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Dicot stems

In dicot stems (Fig. 6.3 & 6.4)
the epidermis has, generally,
some stoma, and is followed by a
definite cortex made mostly of
parenchyma  cells, especially
towards the inside. Collenchyma
or selerenchyma cells may be
present in cortex, either as layers
.forming distinct hypodermis or as
individual vertical strands.

The last layer of cortical cells
is marked by the presence of
high content of starch grains in
their cells, and thus is called
strach sheath. In few cases the
strach sheath is replaced by the
endodermis with its casparian
strips.

All the tissues internal to
the cortex make the stele. The
first layers of the stele isthe
is,

pericycle. Pericycle

typically, formed mostly of -

parenchyma cells  occurring

between  the strach sheath or
endodermis and the vascular
bundles. The pericycle may be
made of fibers as in alfalfa
stem (Fig. 6.2).
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In cross section the vascular
bundles appear  as separate

units, separated by medullary

rays, formed of parenchyma‘

cells.
Some of the bundles diverge

from the vascular cylinder and

~ pass through the cortex into the
" leaves. These are called leaf

traces.

_ Each vascular bundle has, -

typically, a strand of phloem

towards the cortex and a strand

of xylem towards - the pith.
Phloem and xylem ére
separated by one single layer of
cambium, forming an open
collateral bundle (Fig. 6.2).

In few cases another strand of
phloem located intemmal to the
xylem in the bundle, as in case of

solanaceous ‘and cucurbitaceous

plants. Such bundles are termed

open bicollateral bundles (Fig. 6.3
& 64). '
Generally, in stems, the

protoxylem, ie, the xylem

which matures early occurs

towards the’"pith; '
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Elements of vessels of
protoxylem have annular and

spiral thickening. The
metaxylem, which matures
later, occurs towards the

outside and have reticulate and
pitted thickening. Maturation
of xylem in stems occurs from

inside to outside and the xylem

is said to be endarch.

The pith is, mainly, made
of parenchyma cells. Cortex
and pith may contain resin
ducts (Fig. 4.8) and / or
liticifers (Fig. 3.35).

Detailed description of a
transvere section of some dicot
stems are given below.

Anatemical structure of

Squash and Luffa stem

The structure of cucurbitaceous _

stems is of anatomical importance
from the view point that they are
angular, hollow, and their bundles
are in two rows and of the
bicollateral type. In transverse
section the stem is composed of
the followings (Fig. 6.3).
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Epidermis is made of one
layer of rectangular cells,
covered externally by cuticle.

Cortex is formed of
chlorenchyma cells, altérnating
with  collenchyma at the
points. The deeper
Iying cortical parenchyma has
chloroplasts.  This is
followed by few layers of
parenchyma cells and ending
with the starch sheath.

Pericycle forms a cylinder of
several layers of sclerenchyma.
Some parenchyma layers occur
between the pericycle and the
bundles.

Vascular bundles appear in
two circles. The outer ones
usually alternate with the inner
bundles. Bundles are of the
open  bicollateral type. In
squash stem there is one group

angular

few

of cambium between the outer

phloem and xylem, while in
Luffa stem there is two groups
of cambium, an outer one as in
squash, and an inner one
separatmg the inner phloem
from the xylem (Fig. 6.4).

Pith is made of thin-walled
parenchyma cells, and usually
it breaks down during primary
growth.
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- Casuarina Stem

Casuaria is a xerophyte,
having monopodial growth,
long slender, deeply grooved,
jointed branches and bear at the
nodes scaly leaves in whorls.
Branches are green and are
considered phylloclades.

- Transverse section of
Casuarina ~ phylloclade (Fig.
6.5) shows different xerophytic
modifications. The outline of
the section is deeply ridged and
furrowed. The stomata are
situated on the lateral sides of
the ridges in the furrows and
are protected by laterally
arising unicellular thick-walled
epidérmal hairs which grow out
of the furrows.

The epidermis is thickly
cuticularized  and  heavily
cutinized.

Following the epidermis, .

there is a T-shaped fibrous
hypodermis at the ridges. The
rest of cortex is made. of
several layers of palisade-like
chlorenchyma cells. Imbedded
in the parenchyma cellsof
the cortex, opposite to each
ridge, there is leaf trace
bundles of the type closed
collateral bundles.
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Vascular bundles of the open
collateral bundles are arranged in
a ring enclosing a small
pith.  The

vascular bundles are positioned

parenchymatous

opposite to the furrows.

Asparagus stem

Asparagus is a much branched
dry xerophyte, with short lateral
green branches modified as
phylloclades  which arise in
groups of 2 to 6 from the axils of
reduced spiny leaves (Fig. 1.41).

of

Transverse  section

asparagus phylloclade (Fig. 6.6)
shows a uniseriate cuticularized
epidermis. Stoma are sunken' on
tf]é epidermal surface.

The cortex consists of one row

of loosely palisade-like cells.

Spongy parenchyma with wide
intercellular spaces are located to
the inside of the palisade layer,
this is followed by central regién
6fg~compact parenchyma cells, in
which two vascular bundles are
embedded. )
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Monocot. stems

Monocots differ from dicots
in the presence of ground
tissue instead of cortex and
pith. Vascular bundles are
scattered allover the ground
tissue, or arranged in‘two or
more

rings. -~ Individual

bundles are small; entirely - '

distinet from onre ancther, and

t
are more numerous toward the

" putside than toward, the centre.

In ¢ach bundle the xylem

occurs towards the

arranged in V- or Y-shape,
consisting mostly of two latge

metaxylem  vessels io the

exterior and narow protoxylem

vessels, to the Interior and o the

centre,

inside of the protoxyiem alarge

air space is usually present. There
is no cambium in the vascular
bundle, and thus it is considered
of the type closed collateral
bundle (Fig.6.7).

Detailed anatomical des-
criptions of some monocot

stems are. given below.
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Corn stem
Corn stem represents a typical
anatomical  structure of a
monocot stem. In a transverse
section (Fig.6.1 & 6.7) we can
see the followings.
Epidermis, made of one
of rectangular

layer cells

covered with a thick layer of

cutin.

Ground tissue, formed of
parenchyma cells, in which
plenty of vascular bundles are
irregularly scattered.

Vascular bundles, are of the
closed collateral bundles. They
are smaller and more crow-ded

towards the outside than
towards the centre. Lack

bundle 1is, typically, made of
two big metaxylem vessels
and between them towards
the outside the phloem is
located. To the inside of the
two metaxylem vessels and
between them is one to three
protoxylem vessels usually in a
radial row. A large cavity is
found interior of the protoxylem
Fig6.7).

The bundle is surrounder by
a sheath of sclerenchyma cells,
mostly outside the phloem and
inside the cavity.
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Potamgeton stem

-

Potamogeton is an aquatic
plant and the transverse section
of its stem shows some aquatic
modifications, as the presence

~of aerenchyma in the cortex.

Also though

Poramogeton
belonging to.monocotyledons
yet its anatomy shows some
dicot characters as the presence
of distinct pith. The folowings
can be seen in the transverse

g <

section of P. natans (Fig.6.8).

Epidermis, is made up of a
single layer of thin-walled cells,

with a thin layer of cuticle.

Cortex, is made of small
aerenchyma cells arranged in a
network and leaving big air
spaces. Cells are thin-walled

and may contain chloroplasts.

285

G galisy (Ble
¢ ot Sl g gal g
dpay e ALl bl & el

. 3_)4:&‘ ‘5_53__‘\3‘_,& m' _.}'_)._! Ll:‘h.

S of e p i 4l L

N e R L'J}E:‘?}‘L:’ﬁh
Ll e 35 o ) A8 52 g
Gy bl O jas Gy gy
B gy 3 pa g e (gl
OSays - LAt g IS5 ra
—aell gl 8 oY saalia
Ja) il 3l (gin el S g o8
(6.8
daly Cho (e 68T ¢ Bl
Ladlslhise aall 438, LNA: (e

LI

.MJ

LDIA oy e 555 ¢ 3l

A e B e Al g Apar Sy
Al el Ay Sl oy
s amd, LR jas 5 S

cel LT L:J'IA—LLLH: )b. ‘_JQ L5_5:‘;3



The partition of the air spaces
are made up mostly of a single
layer of cells. Fiber bundles are
found in the outer parts of the
cortex, and cortical amphivasal
bundles in the internal part of
the cortex.

Endoderims, is a distinct layer

surrounding ~the stele, and is
composed of radially elongated
cells.

Pericycle, is a distinct
. fibrous layer.
In vascular bundies, the xylem
is represented by a number of
xylem cavities. The phloem

contains sieve tubes and

companion cells and are
located exterior to the xylem

cavities.

Pith is distincts in this

species, while in P. pectinatus
a large xylem cavity occupies

the centre of the section.
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Secondary.growth in stem

The stem of most plants
increase in thickness to meet the
increasing demand of mechanical
and conducting tissue to
suppert the new branches, the
increasing number of leaves and

their expassion. Most dicots

--increase .in thickness by the

division of their lateral meristem,
the cambium, while few monocots
show secondary growth. ‘

Secondary growth in
dicot stems

At the time of r':,ommencerﬁent of’
secondary growth, the parenchyma

cells in the medullary rays in line
" with the facicular cambium become
meristematic, and form the inter-
fasicular cambium, which joins the
fasicular cambium (Fig.6.9) forming

a complete ring of cambium.

Vascular cambium consists of two

types of cells; the fusiform initials
and the ray initials.  Fusiform
initials produce secondary xylem and
secondary phloem, and the ray
initials form the medullary rays.
As the axis grows in thickness,
the cambium ring increases in
circumference™™

A divisjon of cells. New cells are
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formed on both sides,
secondary xylem is produced
and the

the

towards the centre,
secondary phloem to
outside. The secondary xylem
the primary xylem

the ~ pith. The

proportion of secondary xylem

pushes

towards

produced in secondary growth .

is much greater than that of
secondary phloem. Secondary
phloem pushes the primary

phloem towards the outside -

and the latter gets'disorganized
(Fig.6.10).

The increase in thickness,
results in the destruction of
outer tissues and this stimulates
the formation of periderm (Fig.
3.46). As an example of
secondary growth a transverse
section of apricot stem is given
(Fig.6.11). :

The transverse section.of

apricot stem - shows the

followings.

Epidermis, is covered by a
thick léyer of cutin. This layer
will - soon

rupture  and

disappear.
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Periderm consists of phellem,

phellogen and phelloderm.
Cortex, is mostly paren-
chymatous.

Primary phloem, consists, of
phloem fibers to the outside
followed by crushed proto-
phloem elements, then the

~ metaphloem.

Phloem  fibers m-ay be

considered as the pericycle.
Secondary phloem, consists
of sieve tubes, companion cells

and parenchyma cells.

Vascular cambium made of
several layers of meristematic
cells.

Secondary xylem made of
vessels, wood fibers and xylem
rays. The xylem rays are inter-
connected with the phloem rays
forming strands of elongated
parenchyma cells.

The secondary vascular
tissues in the neighbouring
bifiidles
continuous cylinder.

unit  forming a
Primary xylem occurs near
the centre, followed by the pith

in the centre.
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Secondary growth in

monocots

Due to the absence of primary
cambiun in monocot stems,
is

secondary  thickness not,

normally, found. In few case as in

Dracaena and Yucca a secondary-

cambium 1s developed in the
cortex external to the primary
vascular bundles. The cambial
cells divide to cut off few cells
towards the epiderms and a large
number of cells towards the
center of'the stem.The outer cells
develop into parenchyma cells
secondary cortex.The

inner cells develop partly into

forming

amphivasal bundles, the phloem
is surrounded by the xylem, and
partly into parenchymatous cells
known as conjuctive tissue (Fig.
6.12).

Each bundle develops froma
single intial, which undergoes
first,
followed by periclinal division,

anticlinal  divisions at

then irregular divisions.The

central*cells then develop into
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phloem, and the peripheral
cells develop into xylem (Fig.

6.13).

Annual rings

The annual ring is the

increment of secondary xylem -

added to the wood of a plant in
a single year. This appears in
transverse section as one of
more rings resulting from
variation in cell diameter due
to seasonal variations. The
larger part of secondary xylem,
which is added every year,
consists of vessels and fibres.
The relative portion of xylem
elements which formed in
spring (spring wood) consists
of more proportion of vessels
then fibers. The amount of
vessels formed during spring
iIs  much more than those
formed during autumn. The
spring  wood vessels and fibres
afe wider with less thickened
walls than those of the autumn
wood elements. The difference
between spring and autumn,
wood is more prominent in

deciduous than in evergreen
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Fig.6.13: Secondary vascular bundle in Dracaena stem
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this is

increase in

plants. Obviously,
attributed to the
water uptake during spring
where buds open and form new
leaves. In autumn, leaves fall
down and the need for water
decreases. and the needs for
mechanical support increases.
The marked contrast in size of
spring and - autumn wood
elements develop every year
form what is known as annual
ring. The longitudinal section
of Tilia stem illustrated in Fig.
6.14. show three annual rings
which indicate that it is a four
years old plant;; 1 year for
primary growth and three years
in secondary growth.

Leaf gap and leaf trace

The vascular bundles in most

dicot stems are arranged in a’

circle  forming a continuous
cylinder. At the nodes some of the
bundles diverge and pass
out through the cortex'into the
leaves. These are known as leaf
traces.

In a transverse section above
the node, a break in the vascular
cylinder, in which parenchyma

tissue replaces the vascular tissue,
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is known as leaf gep. Through
the leaf gap the coriex and pith
are connected (Fig. 6.15).

The leaf traces arise from the
apical meristem of the leaf
primordia.  They join the
vascular tissues of the stem
when the leaf completes its
development. The leaf trace
runs obliquely in the
internode and  joins the
vascular cylinder of the stem.

There are bundles in the stem
which do not supply the leaves,
but supply the stem branches,
and are known as branch
traces. These are associated
with branch gaps.

Roots stem transition
zone

The arrangement ¢f vascular
tissue in the stem and rootis
different. In angiosperms, stem
bundies are mostly collateral in
which the xylem and phloem
strands are arranged in one
radius in each bundle, whereas
they are arranged in different
alternating radii in the root. In
the stem, vascular bundles are
placed away from the center,

while they are placed in roots
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Fig.6.15: Diagram of a longitudinal section of stem passir

through a node (left) and three transverse sectios
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near the centre. The xylem in the
stem is endarch; protoxylem
towards the center, whereas in the
root it is exarch; protoxylem
towards the exterior. In spite of
the different arrangement of
vascular tissues, root and stem are

parts of the same axis. Thereisa

region in the-axis where the radial -

arrangement of the vascular tissue
with exarch xylem in the root
changes to collateral arrangement
with endarch xylem in the stem.
'I"he. part of the a:ds where the
change takes place is knownas

the transition region. Thelength -

of the transition region is very
small (from less than 1 mmto3
mm) and is located in the part of
the hypocotyl below the point of
attachment of the cotyledons.
Fig.6.16 illustrates such changes
in two plant species. Above the
transition - zone the section is
similar to the stem (Fig.6.9) and
below this zone the section is

similar to the root.
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