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Simple Tissues
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PLANT organs are made of tissues. These are funchions unri; AL ArE
A tissue isa collection of cells pzrforming 2 particla fnciom.
cells are alike in structure having similar growth znd devippmETt. SO
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cells forming a tissue are homogeneous in SLHSEET= znd funclior.

CLASSIFICATION OF TISSUES

Tissues primarily fall in two groups. merisicmatc Znf e
Meristematic tissues are growth tissucs. Thszar iy 3= COEREITY
dividing and produce new cells indefiniicly. Thess o=l E <534, Zoad
and differentiation assume a permanent form 2nd PEaduns  TETIIETETD

—

‘tissues. Thus meristems are tissues which bring zhom Zmwin [I=
apical meristems at the tip of root and the sicm znd the wesmlsr CEmmum:
are examples. Permanent tissues are those which have assumsl memmansTs
ly a paricular structure for performing 2 cerizin Tumctom Tius e
are tissues in which cells have ceased to grow and hewe sssumsL & P
cular form suited for the function they perform. penmeEnsmiic Tyrenor-
yma, xylem, collenchyma, phloem, and sclereachyma == ~m&5 =
permanent tissues. Permanent tissues may be forther Clessief am
simple and complex. Simple tissues are thos: n winch thr congiis=
- cells arealike in structure and function. They arc homarsnaoes #n o
- respect. Collenchyma, sclerenchyma and pareachyms e swammis =
'l‘g,.wtissues. Complex tissues are those in which the cmmmn “‘&k
j ;lt‘:-ihomggeneou's in structure and function. Xulem and tﬁkv:m:;:;
les of complex tissues. Thus xylem tissue s made 1&» o i
k: pon»hvms cells. The cell walls are made of oxl -
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lignin. Tracheids and xylem vessels possess a particular structure and
perform the primary function of the tissue viz. conduction. The wood
fibres associated with Xylem possess a different structure and perform a
mechanical function. Cells of wood parenchyma differ from vessels and
fibres in their structure and perform the function of storage. Thus cells
of xylem tissue are heterogeneous in structure and function. The
function of fibres and parenchyma is complementary to the primary
function of conduction performed by xylem vessels.

Tissue systems :—The term tissue system is used in a physiological
sense. Tissue systems are made up of a number of tissues and all of
them perform the same general function. Alsc the tissues in tissue
systems may be widely separated from one anothes. Well-known exam-
ples are the dermal tissue system, the ground tissue system and the
vascular tissue system. The dermal tissue system consists of a layer of
epidermal cells which protect the underlying parts. There are stomata
scattered among the epidermal cells which carry on the function of
aeration. Lastly hairs present on the epidermal cells keep the surface
cool due to their being turgid with water. All these together form the
dermal tissue system.

SIMPLE TISSUES

Parenchyma :—It forms the ground tissue or the frame work of all
plant organs and all other tissues are embedded in it. It forms the pith and
the cortex of stems and roots, the mesophyll of leaves, the ground tissue
in cotyledons and endosperm, and the pulp of fruits. From the evoluti-
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Fig 25. Parenchyma. A, Isodiametric type from cortex. B, Palisade~
parenchyma from leaf. C. Aerenchyma from water plant.

onarv point of view it is the oldest tissue and the bodies of most primi-
ve plants like the algae and the bryophytes are made up of parenchyma.
m‘istematic tissues which give rise to all the permanent tissues
plant body are also made of parenchyma
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e : the ground
Origin and structure .__Parenchyma is Idcrlvecdonf;'i'::’; \ylm;l e

% : TQ In the S€ .
meristem layer of the apical meristem. [t is also produced by
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BE o Lo and L AR ic in shape with diameters qu_ml (Fig
tr ) ly. They are

parenchyma are unu§ually isodizfm‘c o M ormed schizogenous ‘
25, A)._ There are intercellular sp.dC‘Lb C onolein the centre. The
living cells and the cytoplasm contains : ‘Tl e Bre primary bit-fields
walls are usually thin and are made of cellulos%. Iefeie e and
in the walls. The palisade parenchyma cells |Q leaves ar-u ‘ € cc;‘ch e
closely packed and do not possess conspicuous ll]lCl'C&J“l.lah spa ";u e
cells of the cortex and pith (Fig. 25, B.). Cells of cndospernj l]lb-'ll ‘\ -bl‘:wf
compact arrangement without intercellular spaces. -The mesop Tty lw '71‘
Pinus leaf have peg-like ingrowths of cellulose inside the Cgllb ( = - ‘i
They compensate for the reduced area of the leall by inq}‘.easx?g the wal
area. In water plants, stellate parenchyma is present (Fig 25, C). Each
cell has several arms like a star and hence the name stellate. Bet\\'c.‘cn llu:
arms of stellate cells there are air spaces which facilitate circulaticn of
air in the body of the plant. Therefore it is also knownas aerenchyma.
Function : —The cells of parenchyma are turgid with water and give
rigidity to the plant body, forming a major part of it. If parenchyma
zlls lose turgidity, plant organs droop down. This can be observed
when plants suffer from temporary wilting in hot days ~of summer due to
water deficit. Because of the conspicuous intercellular spaces possessed
by them. parenchyma cells facilitate circulation of air in the plant body
In leaves and herbaceous stems they contain chloroplasts and form chlo-
renchyma. They carry on photosynthesis and build up food. Food
storage is another important function they perform. Parenchymatous
cells in the cortex and pith of woody plants, in underground organs like
roots and tuberous stems, in xylem and phloem, in endosperm and
cotyledons, store starch grains. Parenchyma cells also function as water
storage tissue in fleshy stems like Opuntia (Fig 123) and leaves like
Aloe (Fig 127). Aerenchyma serves for passage of air in water plants.
Finally parenchyma cells take up meristematic activity and form the
inter fascicular cambium and the cork cambium during secondary growth

in\stems of dicotyledons.

a big Vv

: COLLENCHYMA

It is a simple tissue and is found in herbaceous stems and leaves.
It is not found in woody stems which have undergone secondary growth
ané ~-in»s-tems of monocotyledons. In stems it forms two or three
hyperma la clow theepidermis. In the leaves it is found in the
pztiole and the mid-rib and at thz margins of the lamina.
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Cells of collenchyma are characterized by thickening of the cell wall
and is usually of three types. In the lamellar type thickening takes
place in the tagential walls (Fig. 26, A). This type is found in the stems
of dicotyledons like sunflower. In the angular type, the thickening takes
place at the angles of the cells as in the stem of african marigold,
Tagetes and Pancratium leaf (Fig. 26, B). In the lacunate type, the
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Fig. 26. Collenchyma. A, Lamellar type from sun-
flower stem. B, Angular type from Pancratium leaf.
(& Lacunate type from Cucurbita stem.

walls bordering the inter-cg:llular spaces are thickened e.g., Cucurbita
stem (Fig. 26, C). But the types are not well marked and both the
lamellar and angular type of thickening may be found in the same strand
of collenchyma. The most important feature of the thickening is that it
s made of cellulose and pectic substances. Because of pectic substances
it can holﬁarge amounts of water and makes the wall highly plastic.
There are simple pits in the walls and these can be easily sé&n in the
Nerium stem. The cells are slightly elongated but they may be as long as
broad. They are living and may contain chloropiasts.

Function : —In herbaceous stems, it performs a mechanical function
due to its plasticity. The stem can resist the pulling and compression
at the surface due to the action of wind. In leaves it gives rigidity to the
frame work formed by the midrib - and the veins. There are several
layers of the tissue in the petiole, mid-rib and bigger veins below the
epidermis. At the margins of the lamina there are patches of collen-
chyma which prevent cutting due to the action of wind. In the elongated
leaves of many monocotyledons, like Crinum and Pancratium there are
strands of collenchyma along the entire length of lamina which help to
keep it ecrect.
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supporting girders. In trees, the major part of wood is formed by fibres.
In the leaf fibres give rigidity to the mesophyll. In sclerophyllous leaves
of xerophytes fibres prevent shrinking of the leaf and loss of water due
to transpiration.
SCLEREIDS

They are distinguished from the fibres by their being isodiametric.
They are common in tropical leaves, fruit walls and seed coats. There
are various typcs of sclereids. Brachysclerecids or stone cells arve found
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Fig. 28. Sclereids. Brachysclereids from pezar fruit.
testa of bzan seed. C, Osteosclereids from Hakea lzaf.
Nymphaea leaf.
in fruit walls like custard apple and the Sapodilla, the flesh of pear fruit

and endosperm of areca-nut (Fig 28, A). Macrosclereids are rod shaped
and are found in the palisade-like epidermis of leguminous seeds like
bean and pea (Fig. 28, B). Osteosclereids are bone shaped and are found
in xerophytic leaves like Hakea and stem of Capparis aphylla
(Fig. 28, C). 4 \strosclereids possess star-like arms and are found in

B. Macrosclereids from
D, Astrosclerzids from

Nymphaea (Fig. 28, D). They are also known as stellate sclereids. = Of
these four types, stone cells which are isodiametric are very common.

Structure : —The walls of sclereids are highly th Mand due to
it, the lumen is very small and is often seen as a q the centre.

The wall shows secondary thickening which is made of lignin. There
are simple pits in the walls and the pit canals are sometimes branched.
The thickening shows concentric lamzllation. Sclereids are formed by
’selerosns of parenchyma cells or may arise from meristems.
rm a mechanical function and give rigidity, to the organ.

PHLOEM FIBRES

,ﬁbre»s are also known as bast fibres. They are of two types,
hloem fibres and secondary phloem fibres. Primary fibres are

They per-
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y Calatrop's Vinca, Nertm g (Rax)
a b

d in many stems like

foun

alatropis stem

stem. B, Entire fibre from C

), and Hibiscus cannabinus (decca
b

he thickening 18 usually made o
isorganization of protophloen

The cells are elongated or spindle-shaped (Fig. 29, B), with pointed end
(Fig. 29, /

A
Fig. 29. Phloem fibres. A, from Vinca

Cannabis (Hemp), Corchorus (jute
hemp). In the primary phloem fibres, t
cellulose. They seem to arise due to d

The cell wall is very much thickened and in transverse section
shows concentric markings. There are simple pits in the walls. In |
secondary phloem fibres the cell wall is lignified. They are found
the secondary phloem of stems like Tiliad and Eugenia (Figs. 79 and

and rpots (Fig. 92, C). In stems they arise from fusiform initials of (0
cambium and in roots, by the disorganisation of primary phloem. 1
structure they resemble fibres of sclerenchyma.

. tPru;nary phloem ﬁt?res form commercial fibres like flax, hemp and
sze'. tgthe preparation of fibres for commercial purposes, plants @/
subjected to retting. In this process, bacteria and fungi act ox; the tissue

surrounding the fibres. They can the :
of the fibre plant. b= B fom the scn
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THOSE tissues which are made up of cells which differ in structure are
known as complex tissues. Xylem and phloem are examples of complex
tissues. Thus xylem is made up of both living and nonliving cells and
of cells with cell walls made of lignin or cellulose. As already seen,
simple tissues are made up of cells which are alike in structure. The
different cells of complex tissues perform a function complementary to
the main function.
XYLEM

Xylem is a complex tissue. being made up of cells which differ in
structure. It includes tracheids, xylem vessels, wood fibres, and xylem
parenchyma. Together with phloem, it forms the conducting or vascular
system of the plant body. It is found in the pteridophytes, gymnosperms
and angilosperms. It is derived from the procambium of the apical

aristems during the development of the planTB_o_cfy'"fFom the embryo.
Secondary xylem arises from the vascular _cambium. Two types of cells
carry on the conduction of water, the tracheids and xylem vessels.
Tracheids ; and vessels_are formed from a number of cells.

Tracheids :—They arc found in pteridophytes, gymnosperms, in
primitive families of angiosperms like Magnoliaceae and in the
secondary wood of dicotyledons. A tracheid is an elongated cell with
tapering ends. It is a dead cell devoid of protoplasm. The walls are
ignied and are very hard but they are not very thick. The thickening
mified and are very hard but they are not very thick. The walls are
i present in the secondary walls. There are bordered pits in the walls
30 B and C). The tracheids are placed one above the other with
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: f wate
sion: © the end wall
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their end walls in contact. The S:ancs f pits oD
takes place through the pit-mem
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Fig. 30. Trashsids. A, Scalariform _pitted tracheid from fern  pe!
showing bordered pits in scctiod

B, Tracheid from Cycas rachis in tangcntial 5S4 ng | : X
C. Same as in B, showing radical L.S. with bordered pits 1n surface view.

contact. There are minute pores in the pit membrane through
water diffuses from cell to cell. The bordered pits in gymnospcrims =
rounded and possess a thickening in the pit-membrane known as 107
The pits on the lateral walls of the tracheid allow water to pass from «
to cell. The pit-membrane is elastic and when it is under pressure. !
torus presses against the opening of the pit. When this happens, the f{io
of liquid from one tracheid to the adjoining tracheid is stopped. The border-
ed pits in the pteridophytes are of the scalariform type and the trache:d
?l:e knfown as s‘cal]anfc?rm pxtted-tracheld.s (Fig.. 30, A). This is to dintinguish
. ;r:r ) ;?;r:t iov:.»s;:fs “lllth ;calanlt;orm thlcke.nmg in their walls. During the
i kno;v S rﬁfoimle::m :l ehprocambmm, the first formed elements
e s P XY and the later formed elements as metaxylem.
he tra.zc cids 1n the protoxylem possess annular and s iral type of
thickening. The meztaxylem elements possess  bordered p't .)Pt} 21T
walls. Function of tracheids is conduction of w e
hanical i : water. They also perform
a mechanical function due to their hard and lignified 11
Xylem vessels :— They are present i .
Gn present m the angiospe he order
Gnetales of the gymnosperms. th . g 5 perms, the or
‘ 2o perms, e fern Pteridium and th lagi
nells of the Lycopodinae. Those monocotyledons: S Selagt-
thickening like Dracaena and Yuccq, de €dons which show secondary
I asn. % Sateites i = U2 Not possess vessels. Also in
S, and aquatic plants_ -
made up of anu;bnts’ vessels have been lost ih
ther, with theu-%m e Ofcells or vessel members
=N 1on walls perforated. Perfora-

W “ \
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tion:s in the cross walls be

ke simple or with a tween the Ves§el members are of various types

.' number of circular or scalariform openings.
o gave been derived from tracheids, firstly by the dissolution of
._,mbr.a nes and than by the-disselution of walls between the pits.
&e.ang'osp_erms the vessels have been derived from scalariform pitted
*heids and in the Gnetales, from tracheids with circular bordered pits.

L ond m.ature vessels are dead cells with walls having secondary thickening
) Wmm The walls are not so thick. The first formed elements of xylem,
protoxylem vessels, show annular and spiral type of thickening.
Thus first formed thickening is in the form of rings (Fig. 31, A) and

-

\ lem vessels showing different types of thickening. A, Annuar
B, s:i:'al. Xg Sealariform. D, Reticulate and E, Pitted thickening.

ther thickening between the rings connects lhcm‘and forms §piral or
. type of thickening (Fig. 31, B). When the wall is furlhfar( hickened,
ariform and reticulate type of thickening is prodfxccd (Fig 31.C and
n the metaxylem vessels, the whole wall is tlfucketfcd cx?cpt small
ures. the simple pits. This is known as pitted thickening (Fl.g. 31, E).
sits sometimes occur in the walls of the vessels as in tomato
' in length in different plants from 2 to 10 feet.
" Punction of vessels is conduction of water. They also perform
i 21 function due to their lignified walls.

T — vessels is important from the point
heids of 0 cids and those in the Gretales from
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icher Gymnosperms,

seem to have arisen from the Gnetales of Othei l;::ngns isyinchC“dk'm

The origin of vessels in dicotyledons and monocf)d )l,"rom the dicotyiedons.
- to have been evolve e

and the latter do not ssem before vessels were deve-

; m ancestor
They have been derived from a comi 01'11 rbaceous stems is highly evolved
. e b e 3 - S -
loped. The structure of the xylem In

and it shows their origin from tree-like dicotyledons. L.

Wood fibres: (Fig 32, A & B) They are t:m? . :
and secondary xylem. They are dea_‘!, cells “I{ e [
walls are very much thickened and lignified. They ba ¢ |
been derived from tracheids. There are two typﬁes (I)(\ I
wood fibres, fibre tracheids and librierm‘ fibres- g |
typical wood fibre is the libriform fibre and fibre tracher %
shows a stage in the evolution of typical wood ﬁbrcsifrom il
tracheids. Typical fibtes have very thick walls with a l}
narrow lumen. The number and size of the pits is reduced. !I
Also the border of the pits is reduced so that they are .H
almost simple. The fibre tracheids are inlcrmedlat'e {
between tracheids and libriform fibres and show a transi- J
tional stage in the thickening of the wall and the pits.
The wall is thicker than that of a tracheid and the pits are g‘
smaller in size and not so numerous. The length is also <
reduced. Some plants have septate fibres e.g.. Sweitenia z
(Fig. 32, B). In these, the cells undergo mitosis followed \
by formation of septa. Septate fibres retain their living u\\
contents for a long time. In the secondary xylem there |
is a considerable proportion of fibres. They give rigidity - i “
to the organ. 2|

Wood parenchyma. Parenchyma cells are always . A k \‘:, i
. . . . e )O(
found associated with Xyiem. In the primary xylem, ﬁl;g}es, A, Li(h(ra-

there is a considerable proportion of parenchyma. gorm ﬁﬁbre.f B.
In the secondary xylem there are two types of eptate fibres from

: Mahogany stem.
parenchyma cells. One is ‘wood parenchyma in which the calls arc

elongated in verticle direction. The second is ray paranchyma in which
the c.el.ls are elongated in radial direction (Fig. 57, 78, 7). The cells
are living so long as the xylem is carrying on conduction. The cell wall

is thinl -and is made of cellulose. In the secondary xylem, wood paren-
-ichyma cells often possess thickened and lignified walls.

WOOd parenchyma is storage of food like starch and fat. In primary xylem
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PHLOEM
Phloem is a complex tissye

. : and consists of diffe Is
It is made up of sieve cleme fferent types of cells.

nts including \ @ 0

sieve tubes and w companion cells A AN

phloem parenchyma and phioem fibres. The  FEE0RD

term bast has been used (0 describe the

phloem because bast means to bind and R RAK X PHLOEM FIBRES
~ phloem fibres like flax and hemp are used for 085

pbinding. In the primary struc- ture the term : : VASCULAR

park means the phloem and all the tissues % e

outside it including the cortex. In the : E2Y

secondary structure, bark includes phloem, S NTERNAL

cortex and the periderm. It is a non-technical e .

term. Haberlandt used the word leptom to 5:%&2‘353[;3,,1:1““211 L s

describe the phloem.

Primary phloem is developed from the procambium of the apical
meristem. It is situated outside the xylem. In many families e.g.
Mpyrtaceae. Apocynaceae, Asclepiadaceae, Convolvulaceae, and Sola-
naceae (Fig. 33.) strands of additional phloem elements are found
‘in the pith inside the ring of vascular bundles. It is known as
~ internal _phleem, In the family Cucurbitaceae, there are phloem
strands on both sides of the xylem in each vascular
bundle (Fig. 55). It is described as a bicollateral bundle.
In internal phloem the strands are distinct and separate
from the vascular bundles.

y

Sieve elements :—Sieve elements are of two types. Those
found in th¢) angiosperms with sieve plates on the cross
walls and with associated companion cells are known as
sieve tube@n the gymnosperms and the pteridophytes,
the sieve elements have sieve plates on the lateral walls -
and lack companion cells. They are known as sieve cells.
The sieve tubes are arranged in a series one above the
other forming a continuous system.  The sieve cells are
not arranged in a series. Sieve elements are. elongated
living cells (Fig. 35, A). They possess a primary waEll
made of cellulose. There is a big central vacuole in
a thin layer of cytoplasm lining the cell wall on the
gra- inside. As the sieve elements mature, the l.mclel.ls.
W of ® Jisintegrates. Thus sieve tubes and cells are unique in
. fnncﬁibning without a nucleus the living state.




Page |13
-44 PLANT ANATOMY

The vacuole contains slimy substances proteinaceous in nature.
‘They appear in the form of masses scattered throughout the vacuole.
fn many plants sieve clements contain leucoplasts. They manu-
facture starch which accumulates near the sieve plates. The most
characteristic feature of the sieve elements are the sieve like areas with
periorations known as sieve plates (Fig 35. B). In the sieve tubes these
are situated on the cross walls. The sieve plates may be oblique or
transverse. In mature sieve tubes the sieve plates are very much thick-
ened and biconvex. Each has a large number of pearforations. There is
a tubular thickening around each psrforation made of a substance known
as callose (Fig. 35, C). Aniline blue stains the callose Dblue. The
perforations form connscting strands between two sieve elements.  They
-are developed from primary pit-fields between two sieve ftubes and are
SIEVE PLATE

COMPOUND SIEVE PLATE

TS C Sie
S ; - > ve plate in
cylinders. D, Compound sieve
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walls. These are known as s;j
one sieve tube passas
sieve plates.

AL mple sieve plates. The food material fromu
INto another through the connecting strands of the

_I" all plants sieve plates remain active for a short time. In the
primary phloem sieve tubes are active for a few days only and in the
secondary- phloem for a year or so. When sieve tubes have functioned
for a .CODSldCl'able time, callose is deposited both on the walls of the plate
a.nd in the perforations. Thus a cushion of callose is formed on the
SIEVE plate and thL" connecting strands are completely obliterated. This

’_,(_—:Ehlon of callose is known definitive callus. The word callus means
accun:{ulallon of the callose. This accumulation of callose indicates the:
cessation of the activity of the sieve tubes.

‘ Sieve cells are found in the pteriodephytes and gymnosperms. Their
sieve Pla.ltes are situated on the lateral walls (Fig 34) and there are no
companion czlls associated with them as in the angiosperms. The connect-
mg strands in the sieve plates do not possess a tubular thickening of
callose. It is found around the whole sieve plate. The diameter of the
connecting strands is less than that of those in angiosperms. They may
function for a longer psriod than the sieve tubes which may be several
years. Sieve czlls are long and slender and their end walls are tapering
or oblique. They are not arranged in a series like the sieve tubss.

Sieve tubes have been derived from sieve cells. In this process the
sieve area is shifted to cross walls. The cross walls themselves have
become firstly oblique and then finally transverse. The connecting strands
have developed a tubular thickening of callose and increased in diameter.
The sieve arcas have decreased and in highly developed sieve tubes there
. isa single sieve plate. Also they are arranged one above the other.

B

Companion cells :—These are parenchymatous cells closely associa-
ted with the sieve tubes of angiosperms. They are absent in- pteridophy-
and gymnosperms. Companion cells arise from the mother cell of
ieve tube by longitudinal division. Onec daughter cell becomes the
fﬁbe ana the other, the companion cell. Usually there is one long
issociated with a sieve tube in primary phloem of hc?rbace9us plants.
fe than one companion cell may be associated with a single sieve
s in Carrot. In secondary phloem of woqdy plants many short
e associated with sieve tube. Companion cells have thin walls and

sleus. In transverse section they appear roun.ded or polygonal.
msy to make out to which sieve tube a .partlcula.r cell. t?elongs
e sieve tubes are crowded together. Slime bodies similar to
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.s have been found in companion cells. Com-

.those found in sieve tub bes and are crushed when

panion czlls are closely associated with sieve tu
sieve tubes are disorganised.

. Apart from the companion cells there arc

Phloem parenchyma : : :
parenchyma cells in the phloem in considerable proportion and are known

as phloem parenchyma. They are concerned. with Stora:‘—f? of fo'od" "kk
starch and fat. Tannins and resins accumulate in these cc'll> in many plants.
In secondary phloem elongated cells with their long axis para_llcl to .th
axis form phloem parenchyma (fig. 80). Those clongated in radial dlrccllnn'
form phloem rays. In active phloem these cells have wa!s_rﬁxmde 'l‘l‘P of
cellulose. When phloem ceases to function the cells are lignified to form
phloem fibres. The cell wall possesses primary pit-fields. V'dscu.un'
bundles of monocotyledons do not possess phloem parenchyma e.g., maize
(Fig. 58.B).

Phloem fibres :—These have besen discussed under Fibres. The
phloem fibres differ from wood fibers in possessing simpie pits. The
thickening in primary phloem fibres is of both cellulose and lignin. In
‘the secondary phloem fibres it is always lignin. Phloem fibres are suppo-
sed to arise by the sclerosis of phloem parenchyma when primary phloem
is disorganized after secondary growth. Protophloem elements when
«disorganised also give rise to fibres.

PRIMARY PHLOEM
‘Primary phloem like primary xylem is divided into protophloem and
-metaphloem. Protophloem is developed before an organ completes its
growth and the metaphloem, after the growth has taken place. The
sieve tubes of protophloem often lack companion celis. They are narrow
.in diameter. They function for a short time and are destroyed soon
.after maturation of the organ by the pressure of surrounding cells of
metaphloem. The sieve tubes are crushed and the process is known as
obliteration. The crushed cells in many plants give rise to fibres found
in primary phloem. In gymnosperms and agniosperms it is difficult to
make out the protophloem but in some Pteridophytes it can be dis-
tinguished. Thus in the stolon of ferns a ring of protophloem made up of
small cells is found outside the metaphloem. Metaphioem elements
ma._ture:a.ftcr the an organ completes its growth. In herbaceous dicoty-
Jﬂeﬁonsand mom?cotyledons which do not show secondary thickening,
’ ‘;!lefa‘phloem carries on the function of conduction of food througho;t
* ekf;a:;' @oﬁan. In those herbaczous and woody plants which undergo

e iary growth, metaphloem becomes inactive.

-
A >

The sieve tubes ma
a4 Troanised % B : 5 y
E' g { organised or obliterated. The sieve tubes of metaphloem are longer
~ o




