o gmelallaldl

PY V| PERT-PC Iy

Ghapter 3
Root Structure



SSN et
‘*'i%;ga’m’g%‘-!-{%’
Sands

B

2. &
@A @ g digs-e;
N aNGlesss:

oA
; “’_{!{

%
144
cfg

Y

»
che®

e
By .‘." :;!:‘_
LAY
& :c.p
3 :":':; Yo . '_ o
O“"“ ﬂ‘%, ?.r. e
e
w oY
Vs
LN »
L



Primary structure of roots

Roots are the first organs
of the young growing plant
to  appear during seed
germination. They typically grow
in the soil below ground. Their
main functions are to anchor
the plant in the substratum and
to absorb water and dissolving
minerals and to transfer them
to the shoot system.

Roots differ from shoots
mainly in the absence of nodes
and internodes, the presence of
a parenchymatous root cap to
protect the apical meristem of
the root (Fig.3.6 & 3.7), while
growing through the soil and in
that root branches originate
endogenously from the
pericycle (Fig.5.7).

In a cross section of a typical
root before any secondary
growth, we find that the
cells of the epidermis are not
cutinized, and that some
epidermal cells develop root
hairs which are hair-like
protuberances.  During the
growth of a root hair, the cell
becomes highly vacuolated and
the nucleus migrates towards
the terminal position of the
growing hair (Fig.5.1).
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The root epidermis is usually
called- the proliferous layer.
This
few days and is replaced by the

layer degenerates after

outer layers of cortex which
become suberized and called
exodermis.

The epidermis is followed by
several layers
pareﬁchymatous cells, éalléd

cortex. The last layer of the

cortex is the endodermis,

which is characterised by the
casparian strips (Fig.5.2).

To the inside of the endo-
dermis there is the stele wh'jch(
begins by the pericycle,
following  the endodermis
directly. It is a narrow zone of
parenchyma cells, one to few
thick.

originate from the pericycle,

cells Lateral roois

usually at positions exterior to
the protoxylem.

In the centre of the stele the
xylem appears as star-shaped

central strand with several arms

radiating from a common

centre and thus it is considered

actinostele (Fig.5.3).

of,- mostly
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Sometimes, as in most mono-
cots central pith, mostly, paren-

chymatous is found (Fig. 5.4).

According to the number of
arms, or the number of xylem
groups, the root is said to be

diarch, (two groups), triarch

{3 groups) tetrarch (4.groups),

pentarch

G
polyarch  (several groups).
Dicots had limited number of

arms (Fig.5.3), while monocots

are mostly polyarch (Fig.5.4,

5.5&5.6).
The primary xylem which
matures first defined as

protoxylem. The protoxylem is
composed mostly of paren-

chyma cells with small numbc?r

of trachery elements usually .

possessing annular and ’spiral

thickening (Fig.3.42). .

The primary xylem which
matures  later is  defined
metaxylem.  Maturation
progresses from the outside
towards the centre and such
xylem is called
Metéky]em is composed mostly

as

exarch.

groups) and
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of tracheary elements, beside
« parenchyma cells and fibers.
Vessels are generally wider
than those of primary xylem
and having reticulate and pitted

secondary cell walls (Fig.3.42).

Phloem forms

strands alternating with the

o Sl sl oSy Ll

separate

xylem. It is composed of sieve”

tubes and ‘companion cells
(Fig. 3.36 & 3.37), beside some
parenchyma cells. Usually one

or more layers of parenchymé

cells - -separate - the:- phloem"- - - - .
i Al LA e S

from the xylem.

Generally, there is some
difference in the antomy of
monocot roots (Fig.54,5.5&
5.6) and dicot roots (Fig. 5.3)
as follows: ‘

1- Cortex in monocots is
narrower than that of dicots.

2- Diameter of the stele in
monocot roots is bigger than in
dicots.

3- Number of xylem strands

greater and number of
tracheary elements in each
group are fewer in monocots
than in dicots.
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4- In most plantg especially
monocots. a suberin layer is
. depasited over the entire inner

surface of the endodermal cell
wall, covering the casparian
strip. Usually, this is followed
by the formation of a thick
cellulose  wall internal to the
suberin Al.ayer, starting opposiie
the phloem, and progressing
towards the protoxylem points.
The thin-walled cells opposite
the protoxylem are called
passage cells (Fig. 5.3). .

5- The pith in most moncot
roots are wider than in dicot
roots, however in barley roots
there in no pith in the centre,
large

but instead there is a

metaxylem vessel (I'ig.5.5).
Roolé of plants growing
under high water levels show
some modification to help in
storing oxygen needed for

respiration. In a cross section

» of rice root (Fig. 5.6), we find

256

Bas) gl ASHN i 3 4 (JE Ac jane
TR T IPUT-S
_4
RS i S - L R K W £
el paall e o sl 23k
Ahie ¢ (e oY) LOAT Lases

3

L s 5

e —t

2Ll ~

c’:‘..l;‘:;“.ﬁz.g'aj‘_cj. dﬁ.u‘&ﬁ\)ﬁa

' datall dhiei o 5 oldan las, 5SS

O fea Adalall gy gall A3l (e
ot elall ALY e oVl DA
eaidis - O Al Zuals ata
O sl L2 ) LSl
dall Jilie sl gl (ue 2 5Y)
(53 J) el Wy g
p—trs bpladl e -5
b Ao g g AENN Baa g LAl
ad ans bl V) o el 2dd sl
e iag Y il 0 A
Ada Yoy a6 o LAY S 5
- (5.5 J98) af o s eley
Cooat Zgelill cilalall s
e ey edas adi e (Sle (5 siune
UTER G T W e AT PN
VRN - I PUR KYC I PRI
S psial e gl b



. elongated aerenchyma cells s e Leniiy IS

oo > épidermis 8y

outer cortex layer PR b

. air space (lacum;) il o2l

i inner cortex layer Ll-13 3.2

el

endedermis d"‘.ﬂé}"u‘

pericycle JS._..#

.p'hloem el

— metaxylem b i
protoxylem ) Ji W

scl"éll'-eﬁymntou; pith w_.'.:a)lg.» cl.‘

Fig.5.6: T.S.in rice root (monocot)
(A2 2 ) 551 (B (pam )y gL

257



that the cortex of one outer layer
of continuous parenchyma cells
following the epidermis and an
inner  layer following the
endodermis of  continuous
parenchyma cells. This two layers
of cortex are connected by
elongated  aerenchyma  cells,
separating . large air spaces
(lacunae). In \ ese air spaces air is

. trapped. ial bundles - of -
phloem nid - xylem  are
sutrounding  sclerenchymatous
pith.

Lateral and adventitious
roots

Lateral roots originate from
the pericycle, usually at points
opposite to protoxylem greups.
The cells of pericycle resumes
their meristematic activity and
divide
anticlinal walls, thus forming

by periclinal and

several layers. In dicots, the
outermost layer gives rise to
both the epidermis and root
cap, the middle layer gives rise

to the cortex, and the innermost

layer gives rise to the stele.
Accordingly  the vascular

tissues of the lateral root
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connect directly with similar
tissues of the main root .

The néwly developed lateral
roots force their way through
the cortex and epidermis by
the process of digestion
through the activity of the
endodermis which surrounds
the developing lateral root till it
leaves the main root (Fig 5.7).

Stem-borne adventitious roots’
develop internally, usually in
the parenchyma medullary rays

and sometimes from the
cambium.
Secondary Growth in

Dicot roots

Secondary growth occurs in-

most dicot roots but is absent.

in most monocot roots, when
growth  starts
cells the

secondary

parenchyma in
conjunction tissue inside the
phloem become meristematic
forming crescent-shaped strips
of cambium. In the meantime
cells of pericycle outside the
become

protoxylem strands

meristematic. The strips of
cambium inside the phloem

join the cambium outside the
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xylem, and a complete wavy
ring of combium is formed (Fig.
5.8).
secondary xylem towards the

Cambium  produces
centre and secondary phloem
outside. The cambium cells

inside the phloem strands

produce more secondary xylem
the cambium

elements than

outside the protoxylem. This
results in making the cambium
ring circular  in  outline.
Secondary xylem is made of
xylem vessels, xylem
parenchyma and few fibers.
Medullary rays are formed
opposite to protoxylem stands,
and extend through both
xylem and phloem. Secondary
phloem consists of sieve tubes,
companion cells and phloem

parenchyma. The secondary

phloem pushes the primary -

phloem outwards and soon

becomes  disorganized.
primary Xxylem is pushed into the
centre and eventually becomes
disorganized. Finally the whole
central cylinder is made up
mainly of secondary xylem.
With increase in diameter of the
root, the cortex and the

endodermis are shed. Cells of
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of pericycle which are not
concemed in the formation of
cambium, become meristematic
and produce cork cambium. It
produces cork cells on the outside
to protect the root and produce
parenchyma in the inside
(Fig.3.46). Lenticels are also
produced in many roots. (3.47).
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Anamolous Secondary
Growth in Beet Root

Many plants show secondary
growth which differs form the
normal type found in dicots,
-where a solid core of secondary
xylem is formed surrounded by a
small amount of secondary
phloem. In such cases; the
formation of combium is out of
the normal position or it may
behave in an abnormal manner.
In roots of beet (Beta vulgaris) a
large amount of food material is
stored (Fig. 1.38) and their
anamolous secondary structure is
an adaptation to that function.
Several cambium rings are
formed in these roots after the
primary cambium ceases to
function. They arise first in the
pericycle and later in -the
parenchymatous tissue outside
secondary phloem.  Each
cambium ring.  produces
secondary tissue in the form of
separate vascular bundles, each
is made up of secondary xylem
and phloem. In between the ring
of bundles a wide zone of
parenchyma is produced by the
cambium. It is known as storage
parenchyma (Fig. 5.9 & 5.10).
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