Plant anatomy

Plant anatomy can be defined as a branch of botany, which is concerned
with the study of internal structure of plants.

Or.... ltisthe study of the shape, structure, and size of plants. As a part of botany
(the study of plants), plant anatomy focuses on the structural or body parts and
systems that make up a plant. A typical plant body consists of three major
vegetative organs: the root, the stem, and the leaf, as well as a set of reproductive
parts that include flowers, fruits, and seeds.

As a living thing, all of a plant's parts are made up of cells. Although plant cells have
a flexible membrane like animal cells, a plant cell also has a strong wall made of
cellulose that gives it a rigid shape. Unlike animal cells, plant cells also have
chloroplasts that capture the Sun's light energy and convert it into food for itself. Like
any complex living thing, a plant organizes a group of specialized cells into what are
called tissues that perform a specific function. For example, plants therefore have
epidermal tissue that forms a protective layer on its surface. They also have
parenchyma tissue usually used to store energy. The "veins" or pipeline of a plant
are made up of vascular tissue that distribute water, minerals, and nutrients
throughout the plant. Combined tissues form organs that play an even more
complex role.

THE ROOTS

A plant's roots, like the foundation of a skyscraper, help it to stay upright. They also
absorb water and dissolved minerals from the ground and give the plant what it
needs to make its own food. Most roots grow underground and move downward
because of the influence of gravity, although the roots of some water plants float.
Other root systems, like that of the English ivy, actually attach themselves to a
vertical surface and allow the plant to climb. There are two main types of root
systems: taproot and fibrous. Plants that have taproots grow a single, long root that
penetrates straight down and firmly anchors the plant. Trees and dandelions have
taproots that serve this function. Fibrous roots are shorter and shallower and form a
branching network. Grass has a fibrous root system that grows at a shallow level
and in all directions. Inside a root are pipelines or veins that carry water and
minerals to the rest of the plant. These pipes are concentrated in the center of the

root, like the lead in the center of a pencil. At the end of each root is a cap that
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protects it as it pushes farther into the soil. Extending from the sides of the root, but
further back from the root cap are root hairs. These hairs are the main water and
oxygen absorbing parts of a plant. Materials enter and leave roots by two main
processes: diffusion and osmosis. When molecules are distributed unequally, nature
always seeks a balance and molecules will move from an area of high concentration
to one of low concentration. When the cells of a root hair have little oxygen and the
soil around the root hair has a lot, oxygen will move from the soil to the root
automatically without the plant having to expend any energy. Osmosis is a similar
situation (from high to low concentration), but it occurs when molecules, like those of
water, move across a membrane that will not allow other materials to pass. Like
diffusion, osmosis does not require the plant to use any energy.

THE STEMS

Plant stems perform two functions. They support the parts of the plant aboveground
(usually the buds, leaves, and flowers), and they carry water and food from place to
place within the plant itself. A stem is made up of an outer layer, the epidermis; an
inner layer, the cortex; and a central zone called the pith. The stem of a green plant
holds itself up by having thousands of cells lined up next to and on top of each
other. As the cells take in water, they expand like a full balloon, and since their walls
are elastic, they stretch very tight against each other and against the stem wall. It is
their pressure that holds the stem up. A plant droops when its cells lack water and
have begun to shrink. Woody plants, like trees, also contain a material called lignin
that strengthen cell walls and make them more rigid. A plant's stem also functions as
its circulatory system and uses what is called vascular tissue to form long tubes
through which materials move from the roots to the leaves and from the leaves to
the roots.

THE LEAVES

The leaf of a green plant manufactures food for plant growth and repair. A leaf is a
highly specialized part of a plant since it is the place

FLOWERS AND SEEDS

The reproductive part of a seed-producing plant is called the flower. Flowers have
male and female cells that produce a seed when they unite. The stamen is the male
reproductive organ in a flower and contains the male cells (pollen) in its anther that
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grows at the tip of its long, narrow stalk. The pistil is the female reproductive organ
and looks like a long-necked bottle. It has a round base containing the ovary, a
slender tube or long neck called the style, and a flattened, sticky top called the
stigma. Once a flower opens, its petals (which are a type of leaf) protect the sex
organs and serve to help pollination (the transfer of pollen to the female parts) by
attracting animals like bees and birds. When this happens, fertilization occurs and
the ovaries become seeds.

Seeds have three main parts: the coat, the embryo, and the food storage tissue. The
coat protects the embryo, which is the beginning of a plant and grows by using food
stored in the seed. Most seeds are enclosed in fruit that can be dry like a ripe bean
pod, or fleshy like an apple or a peach. Other plants, like fir trees, have naked or
uncovered seeds that form on the upper side of the scales that make up a pine
cone. All are designed to be scattered as far as possible from the parent plant to
ensure the further survival of the species.

Plant body organization

Like animals, plants are multicellular eukaryotes whose bodies are
composed of organs, tissues, and cells with highly specialized functions.
The relationships between plant organs, tissues, and cell types are
illustrated below.

Organs:

Tissues:

Cells:

*Parenchyma and sclerenchyma are also associated with xylem and phloem (vascular tissue)
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plant has two organ systems:

1. Shoot system; includes the organs such as leaves, buds, stems, flowers (if the
plant has any), and fruits (if the plant has any).

2. Root system; includes those parts of the plant below ground, such as the roots,
tubers, and rhizomes.

Plant Structure Angiosperms (Flowering plants) are the most diverse group of plants
known (over 275.000 named species and thought to be at least that many more
unknown to science). Within the Angiosperms, there are two plant groups, the
Monocots and the Dicots. The distinction between these two groups is not always
clear, but some general trends are outlined below:

MONOCOT DICOT

Single Two
Cotyledon Cotyledon

Long Broad Leaf
Narrow
Leaf Network of
Veins
Parallel
Veins
Vascular Vascular
Bundles Bundles
Scattered in a Ring
Floral Floral
Parts in Parts in
Multiples Multiples
of 3 of4or5

This diagram is showing the differences between monocotyledonous flowers or dicotyledonous flowers. Monocots
have a single cotyledon and long and narrow leaves with parallel veins. Their vascular bundles are scattered. Their
petals or flower parts are in multiples of three. Dicots have two cotyledons and broad leaves with network of veins.
Their vascular bundles are in a ring. Their petals or flower parts are in multiples of four or five.
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Plant Organ Systems

Vascular plants have two distinct organ systems: a shoot system, and a root system. The shoot
system consists of two portions: the vegetative (non-reproductive) parts of the plant, such as the leaves and
the stems, and the reproductive parts of the plant, which include flowers and fruits. The shoot system
generally grows above ground, where it absorbs the light needed for photosynthesis. The root system, which
supports the plants and absorbs water and minerals, is usually underground. The organ systems of a typical
plant are illustrated below.
Reproductive
\ i Vegetative

]

Shoot system

Root system

The shoot system of a plant consists of leaves, stems, flowers, and fruits. The root system anchors the plant while absorbing
water and minerals from the soil..

We’ll look at each of these levels of plant organization in turn, and conclude with a discussion of
how embryogenesis leads to development of a mature plant:

The Root System

The roots of seed plants have three major functions: anchoring the plant to the

soil, absorbing water and minerals and transporting them upwards, and storing the
products of photosynthesis. Some roots are modified to absorb moisture and exchange gases.
Most roots are underground. Some plants, however, also have adventitious roots, which emerge
above the ground from the shoot.

Root systems are mainly of two types (shown below):

= Tap root systems have a main root that grows down vertically, and from which many smaller lateral
roots arise. Tap roots penetrate deep into the soil and are advantageous for plants growing in dry soils.
Tap roots are typical of dicots such as dandelions.

= Fibrous root systems are located closer to the surface and have a dense network of roots. Fibrous root
systems can help prevent soil erosion. Fibrous roots are typical of monocots such as grasses.
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(a) Taproot system (b) Fibrous root system

= it

(a) Tap root systems have a main root that grows down, while (b) fibrous root systems consist of many small roots.
Root structures are evolutionarily adapted for specific purposes:

= Bulbous roots store starch.

= Aerial roots and prop roots are two forms of above-ground roots that provide additional
support to anchor the plant.

= Some tap roots, such as carrots, turnips, and beets, are adapted for food storage.

= Epiphytic roots enable a plant to grow on another plant

The shoot system: stems and leaves

Stems are a part of the shoot system of a plant. Their main function is to provide support to the
plant, holding leaves, flowers and buds. Of course they also connect the roots to the
leaves, transporting absorbed water and minerals from the roots to the rest of the
plant, and transporting sugars from the leaves (the site of photosynthesis) to desired
locations throughout the plant. They may range in length from a few millimeters to hundreds
of meters, and also vary in diameter, depending on the plant type. Stems are usually above ground,
although the stems of some plants, such as the potato, also grow underground.

Stems can be of several different varieties:

= Herbaceous stems are soft and typically green
= Woody stems are hard and wooded
=  Unbranched stems have a single stem
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=  Branched stems have divisions and side stems

Plant stems, whether above or below ground, are characterized by the presence

of nodes and internodes (shown below). Nodes are points of attachment for leaves, aerial roots,
and flowers. The stem region between two nodes is called an internode. The stalk that extends
from the stem to the base of the leaf is the petiole. An axillary bud is usually found in the axil
(the area between the base of a leaf and the stem) where it can give rise to a branch or a flower.
The apex (tip) of the shoot contains the apical meristem within the apical bud.

Reproductive shoot (flower)
Modified leaves (petals)
Stamens and carpels

Apical bud
Node

Internode
Axillary bud

Another

apical bud shoot system

Vegetative shoot

Leaf
Blade
Petiole

Taproot

Lateral roots root system

Leaves are attached to the plant stem at areas called nodes. An internode is the stem region between two nodes. The petiole is
the stalk connecting the leaf to the stem. The leaves just above the nodes arose from axillary buds.

Leaves are the main sites for photosynthesis: the process by which plants synthesize food. Most
leaves are usually green, due to the presence of chlorophyll in the leaf cells. However, some leaves
may have different colors, caused by other plant pigments that mask the green chlorophyll.

A typical eudicot leaf structure is shown below. Each leaf typically has a leaf blade called

the lamina, which is also the widest part of the leaf. Typical leaves are attached to the plant stem
by a petiole, though there are also leaves that attach directly to the plant stem. The edge of the
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leaf is called the margin. The vascular tissue (xylem and phloem) run through veins in the leaf,

which also provide structural support. The center vein is called the midrib.
Tip

Illustration shows the parts of a leaf. The petiole is the stem of the leaf. The midrib is a vessel that extends from the petiole to the
leaf tip. Veins branch from the midrib. The lamina is the wide, flat part of the leaf. The margin is the edge of the leaf. Image credit:
OpenStax Biology

Leaves may be simple or compound (see below).

= In a simple leaf, the blade is either completely undivided or it has lobes, but the separation
does not reach the midrib (leaf center).

= In a compound leaf, the leaf blade is completely divided, forming leaflets.

(a) Simple (b) Palmately compound

(c) Pinnately compound (d) Doubly compound

Leaves may be simple or compound. In simple leaves, the lamina is continuous. The (a) banana plant (Musa sp.) has simple
leaves. In compound leaves, the lamina is separated into leaflets. Compound leaves may be palmate or pinnate. In (b) palmately
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compound leaves, such as those of the horse chestnut (Aesculus hippocastanum), the leaflets branch from the petiole. In (c)
pinnately compound leaves, the leaflets branch from the midrib, as on a scrub hickory (Carya floridana). The (d) honey locust has
double compound leaves, in which leaflets branch from the veins.

The thickness, shape, and size of leaves are adapted to specific environments. Each variation helps a plant
species maximize its chances of survival in a particular habitat. Coniferous plant species that thrive in cold
environments, like spruce, fir, and pine, have leaves that are reduced in size and needle-like in appearance.
These needle-like leaves have sunken stomata (pits that allow gas exchange) and a smaller surface area: two
attributes that aid in reducing water loss. In hot climates, plants such as cacti have leaves that are reduced to
spines, which in combination with their succulent stems, help to conserve water. Many aquatic plants have
leaves with wide lamina that can float on the surface of the water, and a thick waxy cuticle (waxy covering)
on the leaf surface that repels water.

FLOWERS AND SEEDS

The reproductive part of a seed-producing plant is called the flower. Flowers have male and female cells
that produce a seed when they unite. The stamen is the male reproductive organ in a flower and contains the
male cells (pollen) in its anther that grows at the tip of its long, narrow stalk. The pistil is the female
reproductive organ and looks like a long-necked bottle. It has a round base containing the ovary, a slender
tube or long neck called the style, and a flattened, sticky top called the stigma. Once a flower opens, its
petals (which are a type of leaf) protect the sex organs and serve to help pollination (the transfer of pollen to
the female parts) by attracting animals like bees and birds. When this happens, fertilization occurs and the
ovaries become seeds.

Plant cell
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BIOLOGY / plant Anceraw

The Cell:

It is the smallest unit of life....

It is the structural and functional unit of life.

It is a membrane - bound unit containing hereditary and other
components, including enzymes, by which it is able to metabolize

substances , to grow , and to reproduce.

The Cell Theory : ((observation of fact))
The cell theory in it's modern form includes four principles:
1- All organisms are composed of one or more cells, within which the life
processes of metabolism and heredity occur.
2- Cells are the smallest living things.
- Addition cells are not originating at present, rather, life on earth represent
a continuous line of descent from those early cells.

4- Cells arise only by division of a prev10usly existing cell. i

2

N
Cells, in general, are similar in thelr functionss;

The functions shared by all cells are:
1- The capacity to extract energy from the environment and change it from
one from to another.
2- The capacity to use this energy to build more organic molecules and so
to maintain themselves and grow '
3- The capacity to exchange materials with the environment selectively .
4- The capacity to reproduce.
In general, the smallest living microorganism on the earth is the viroid
while the smallest unicellular microorganisms is the mycoplasma. But the

biggest living organism is the Sequoia plant (red wood tree).
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A
FEukaryotic cell as in plants.

comparison

% Prokaryotic Cell

Eukaryotic Cell

between prokarvotic cell as in bacteria and

|- they are very simple and more | I- they are more complicated and very

primitive.

|
i

recent or modern.

2- they do have single circular DNA
floating free in the cytolpasm, Thus
they do not have nucleus.

molecules into chromosomes,

chromosomes are located in a nucleus.

2- their DNA is packed with proteﬂ

these

3- they do not have any type of

organelles.

3- they do have all types of organelles

such as  mitochondria,

dictyosomes and microbodies...

plastids,

4- the individual microorganism 1is
just of unicellular.

4- the individual is of multicellular.

l

5- they do not have sexual

reproduction and they divide just by |
i binary fission.

~ /

\/‘l_.z X

5- they do have both sexual and a sexual
reproduction and they divide by both

mitosis and meiosis.

6- They do not have vacuoles.

6- they do have vacuoles.

Cell wall
DNA
VESICLES

FORMING CELL
PLAT

CELL PLATE

RIBOSOMES

CELL MEMBRANE

CYTOPLASM

-

"The Structure of a bacterial cell
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Cell Contents: - There are two portions

I- The living content (the protoplasmic portion)

2- The non-living content (the non-protoplasmic portion)

] - The living portions or living inclusion or living content.

1-1 - The membranes

1-2 - The nucleus

1-3 - The cytoplasmic organelles(Mitochondria, Plastids, Endoplasmic

reticulum, Dictyosomes, Microbodies, Microtubules, Ribosomes)
1-4 - Flagella and-Cilia

[Structure
Structure elements
Cell wall

Table 3 Eukaryotic structure and their functions

Description

Outer layer of cellulose or

chitin or absent

Function

Protection: support

l Plasma membrane

Lipid bilayer in which protein

Regulates what passes in and

[ Cytoskeleton

are embedded out of cell: cell-to-cell
recognition
Network of protein filaments Structural support;  cell]

movement

iFlagella (cilia)
|

[ Organelles
Endoplasmic Reticulum

Cellular extensions with 9 + 2
arrangement of pairs of
microtubules

Network of internal membrane

Motility or moving fluids over

surfaces

Froms
vesicles

compartments

and

Ribosomes

Small comcrle.\: assemblies of

Sites of protein synthesis

protein and RNA, often bound
to ER
Nucleus & Spherical _structure bounded Control center of cell; directs
R bv double membrane contains | protein synthesis and cell
cﬁlromosomes reproduction
Chromosome Long threads of ..DNA | Contain hereditary
associated with protein information

Nucleolusi®::

Site on chromosome of IRNA
synthesis

Assembles ribosomes

Golgl ﬁix

f—Encrgy-producing Organelles

Mitochondria

digestive enzymes

Bacteria- like elements with
inner membrane highly folded

an
cell death

oxidative metabolism

Stacks of flattened vesicles Packages protein for export
from cell; fgrms microbodies
Microbodies Vesicies containing | Isolate articular _chemical
collections of oxidative an activities from rest of cell
other enzvmes
Lysosomes Microbodies contaiming | Digest worn-out mitochondria

cell debris; play role in

Power plant of the cell site of

Chloroplasts

chlorophvll

Bacteria- like elelments _\\;nh
vesicles containing

P
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Cytoplasm
Golgi apparatus

Chloroplast
Amyloplast
Nucleus Ribosome
Nucleolgs ) Cell Membrane

Endoplasmic Reticulum

Cell Wall
Mitochondria

Vacuole

Peroxisome
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1-The living parts of the cell or the living inclusions of the cell
or the Protoplamic protion of the cell.
1-1- The Membranes: ‘
The protoplasts of both prokaryotic arid eukaryotic cells are dehmued
by a plasma membrane. in addition to this membrane, eukaryotic cells
, characteristically contain a number of membrane systems and membrane
| bounded vacuoles and organelles. 3
* The membrane surroundmgs the cytoplasm of the cell called
plasmalemma while the membrane separates the protoplasm from the
vacuole is is called tonoplast. 0
These membranes are very thin (80 A®), Im= 10-}»\4AO’ in thickness and
are composed of protein molecules embeded in a thin sheet of lipid (bilayer).
This lipid bilayer is composed of phospholipid molecules.
The protein molecules ﬂoat within the lipid bilayer provlde channels,
”"1eceptms through which Tmolecules and information pass to the cell, and

l v

physmal connectlon with other cells. In addition, protem molecules could

/f express the 1dje,nm*y of the cell. Lipid bilayer is selectivel ermeable and

does not permit the dlffusxon of water-soluble molecules into the cell. These

B VI ~ —~ & i oo

e s s il i

1-2 : The Nucleus : 5 5! .

25 The largest and most easily seen of the organelles within the cell. Itis a
embrane-bounded organelle that contains the chromosomal DNA. Nucleus
torm two important functions: -+ ¢*

=1+ it controls the on'gbiﬁg activities  of the cell by determining which
£ Protein molecules are produced by the cell and when.

stores the genetic information, passing it to the daughter cells in
,1e process of cell division. The nucleus is delimited from the

Ny

$loplasma by a double membrane called Nuclear Envelope.
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Nucleolus

Nucl Inner Membrane
uclear

pores

Nuclear Pore

Quter Memberane

Nuclear
envelope

5\ el
[-2-1: The Nuclear Envelope:
The nuclear envelope ¢ con31sts of two membranes, the outer membrane,

as many researchers believe, is produced by the ER (endoplasmic reticulum),

which seems to be continuous with it. P
7 2= Seattered over the surface of the nuclear envelope are shallow

v} dep1 essions called nuclear pores. They are a great in number and about _>O—

100 nm in diameter. They are not a Kole like strucit/u\res rather they contain
many proteins that act as molecular channels, E@%lt’[ll’lU certain molecules
to pass into and out of the nucleus. such as RNA and protein RNA
complexes.

1-2-2: The Chromosomes:

A condensed mass of chromatin (DNA combined with proteins), visible
‘during cell division. After cell division chromosomes are uncoiled into a
more extended form per mits the enzyme that make RNA copies of DNA to
gain access to the DNA molecules. Only be means of these RNA copies can
the herediatry information be used to direct the synthesis of enzymes.

A7

-

15

oot ps

r



s¢» The number of the chromosomes usually present in the cells of higher
animals and plants as diploid number and this number is generally

constant in all cells “2n”

When reproductive cells, spores or gametes, are formed the number of
chromosomes is reduced to one-half the diploid number “1n”. Such cells
are known as haploid cell. When male and female gametes come together,

the new cell (zygote) will have the diploid chromosomes number.

1-2-3: The Nucleolus: ~ =>"
Spherical structure composed mainly of RNA and proteins. They
disappear during the early stages of nuclear division and reappear during

final stages cf division. They are sites of ribosomes production.

The ribosomal RNA (rRNA) and some ribosomal proteins are
transported into the nuclear from the rough ER and accumulate at those
regions on the chromosomes where very active synthesis of rRNA is taken

place.

1-2-4: Nuclear Sap:
I’s a colorless denese liquid that contains nucleic acid protein, and

inorganic salts of Mg and Ca. This is actually a substance reservoir for

protein synthesis.

1-3 : Cytoplasm and Cytoplasmic Organelles:

Cytoplasm is a complex liquid contain all types of organelles except the
nucleus. It has special characteristics such as :

a- a gel like structure ((high cohesiveness))

This suggests that cytoplasm is held together by protein fiber.
b- higher viscosity than water. 3
c- cyclosis (( Brownian motion )) cytoplasmic streaming, this motion
Cwill help the cell to exchange the organic and inorganic materials .
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This complex liquid could occupied a large volume of the cell such as
in cell of meristematic tissues and it could occupied only a small area of the

cell such as in cells of storage tissues .

The cytoplasmic Organelles consist of:
1-3-1 : Mitochondria:

(Singular, mitochondrion) Mitochondria are tubular or small rods
organelles 1 to 3 micrometers in long and 0.5 to 1 micrometers in diameter;
Thus they are about the same size as most bacteria. Mitochondria are

- bounded by double membranes. The outer membrane is smooth and was
g apparently derived from the endoplasmic reticulum of the cell, whereas the
.. inner one is folded into many folds called cristae. The proteins that carry out
oxidative metabolism are submerged within the membranes or located on the
surfaces of these membranes. The internal fluid is called matrix.

Mitochondria have their own genome, however contained in a circular
closed molecule of DNA like those found in bacteria.On this DNA are
located several genes that produce some of the proteins that are essential for
the Mitochondria role as that site of oxidative metabolism (respiration).
They can divide by simple fission like in bacteria but it is impossible without
nuclear pAanicipation. Mitochondria can not be grown in a cell -free culture,

Cells could have as many as 100-3000 Mitochondria depending on
the activity of the cell in producing energy.

Outer Membrane Quter

Compartment

Inner Membrane_ .
i Crista_____J.._
i e IR
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1-3-2 : The Endoplasmic Reticulum :

An extensive system of double membranes present in most cells
dividing the sytoplasm into comp{af{ment channels, which are about 50 - 100
nanometer in diameter while in some places those membrane could become

flattened sacs called cisternae.

There are two kinds of “ER” in the celi: "
1- RER : Rough endoplasmic reticulum that gééﬁgd with ribosomes, thus
they are site of protein synthesis.
2- SER: Smooth endoplasmic reticulum that lacked ribosomes, thus
they are sites of fat synthesis.
In general, ER appears to function as a communication system within
the cell. &

1-3-3: Plastids:

An organelles surrounded by doublie membranes , develop from small
colorless bodies called proplastids . Those proplastids became fully green in
the presence of light.

Different types being classified in terms of colour and function.
1- Chloroplast: that contain chlorophyll and other photosynthetic
pigments.
2- Chromoplast: that contain a non-photosysnthetic pigments such as
carotenoids which give yellow, orange, and red colours.
3- Leucoplast: which are colour-less plastids such as
| - Amyloplast, that store starch.

- Elaioplast that store oil or fat.
- Proteinoplast, that store protein.

18
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> irregular 1r3}gry.als by membranes called ferts.

A%

** The chloroplast
planoconvex with a diameters of about 5-1

- 3 micrometer.

v

Higher plant chloroplast are generally bicon\*ex or

0 micrometer and a thickness of 2

There are only 5-20 chloroplst is one photosynthetic cell. But if you

take 1 mm?- of a leaf, the chloroplasts could be as 500,000!!. In general a cell

could have 1-500 plastids of all types.

The chloroplas have a granular back ground materials called stroma

at which dark reactions of potosynthesis are taken place. They also have sets

of flattened membrane- lined sacs called Thylakoids (grana and frets).

When those sacs occurred in a eylindrical from they become grana at which

light reactions are taken place. There are 40- 60 grana in one chloroplast,

each

granum contain 10- 100 thylakoids. The grana are connected at

#*% Chloroplast have their own genom, however, contained in a-circular,

closed molecule of DNA, larger than that of mitechonderia. They can

divide by simple fission like in bacteria. But they can not grown in a

cell-free culture.

*%*  Mitochonderia

apparently originated as endosymbiotic aerobic

bacteria, where as chloroplast seem to have originated as endosymbiotic

anaerobic, photosynthetic bacteria.

Stroma

Granum
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1-3-4: Dictyosomes: .
_ _They are composed of 5 - 15 circular flattened vesicles , or cisternae, a
I lignéd in’stacks . Which are often branched into a complex series of tubes at
" their margins forming spherical vesicles that could come close to ER
vacuoies , and plasma membranes . There are only 10 - 20 golgi bodies in
one animal cell while reach several hundred in one plant cell and could

called golgi complex . The general function of the dictyosomes are

I- Synthesize the Vpr,eé'ﬁrsors of cell wall,
2-Involved in the secretion of macromolecules to the vacuoles or
T

outside the cell. ~ 27 = -
3- Synthesize the structural protein. . 3 3 |

Endoplasmic Reticulum

!R dictysome
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1-3-5 : Microbodies :
They are spherical organelles bounded by a single membrane.

-

They range in diameter from 0.5 - 1.5 micrometers. They have a

granular interior, sometimes with a crystalline, protienaceous inclusion.

s ¥ %% peroxisomes : They have oxidative enzymes associated with respiration
photosynthesis , and photorespiration found in both animal and plant
cells.

Pox Glyoxysomes :They have enzymes necessary for fat conversion into

carbohydrates during seed germination.
There are other microbodies such as cytosomes and phragmosomes.

1-3-6: Microtubules:

They are hollow tubes, very long, and very- thin in structure, about 24
nanometer in diameter. They are polymers of large molecules composed of
many identical subunits (tubulin). The general functions are:

1- Involved in chromosome movement. '
2- Involved in cell wall formation.
vy 3- Oriented cytoplasm components
4-Important components of ﬂagella and cilia and apparently are
involved in the movement of these structures.

, 1-3-7: Ribosomes: 4 2
~ Small particles 10-20 nanometer in diameter containing RNA
and protem They are present in plastlds and mitochondria, as well as in the

cytoplasm and on the ER. They are involved in protein synthesis.

1 4 Flaoella and Clha Flagellum & Cilium
They are hair like structure that ploject from the free surfaces of many
different kinds of plants and animal cell. They are about 0,2 micrometer n

diameter and vary in length (2 x 150 micrometer). Flagella are longer than

21



%=
cilia but fewer in number. They are found in algae, fungl protozoa, and
very small animals. Flagella are lé{:o]notor organs which help the
microorganisms in their movement through out the water.

In plants, these organelles are found only in sex cells “gametes”
especially motile gametes.

T o ,

2- The Non-Living Inclusions or The non protoplasmic portions.
1-The Vacuoles.
2-The Cell wall.

3-The Crystals.

/" 2-1: The vacuoles :
_ They are membrane - bounded regions within the cell that are filled
with liquid called cell sap . They are surrounded by the vacuolar membrane
or tonoplast. The cell sap contains :-

a- Atmospheric gases ((nitrogen, oxygen, and carbon dioxide)).

b- lnorganic salts ((nitrare, sulfates, phosphate, and chlorides of K,

Na, Ca, Fe, and Mg))

c- Organic acids ((oxalic. citric, malic and tartaric)).

d- Salt of organic acids.

e- Sugars ((glucose and sucrose)).

f- Water soluble protein, alkaloids, and pigments ((anthocyanin)).

Generally, the cell sap is slightly acidic.  The concentration of cell sap

varies from cell to cell.
* They are only a few numbers of large vacuoles in mature cells and high

number of small vacuoles in many young and meristematic cells.

The main functions of vacuoles are:
1- Involve in passive and active movement of organic and inorganic in /

out cf protoplasm.
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7. Involve in storage materials. Such as starch, sugars, 10ns and
pigments.
3- Involve in the water balance of the cell
4- Involve in the breakdown of macromolecules and the recycling of

their components within the cell.

2.2 : The Cell Wall:

It is a rigid .wall synthesized by the protoplast surrounding the entire

o
cell. ‘ -

#* Walls of M cells are cemented together by intercellular

substance called middle Lamella, which 1s composed of proteins
((polymers of many sugars, especially rich in pertly oxidized
galactose)) and certain other substances.
* The first wall formed by the protoplast is the primary wall made of
cellulose and some other carbohydrates.
¥ When cell ages, the protoplast may deposit more wall
material on the primary’ wall, thus a secondary wall 1s
formed It composed of cellulose, lignin, suberin and cutin.
(Waxy materials that protect leaves and stems against water
loss).
Some times, certain other materials may enter into the composition of

the cell wall such as gums, rannins, minerals, pigments, proteins, fats and

oils.

GUTER MIDDLE INNER
LAYER LAYER LAYER

SECONDARY WALL

(a)
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2-3 The Crystals: b
Cells with crystals are found in almost all plants in many
different plant tissues. Crystals form within vacuoles and vary In
chemical composition and in shape.
- The most common crystals are of calcium oxalate, which are
products of the protoplast.
- Others crystals are of calcium sulfate, and calcium carbonate.

The types of crystal found in plant cells are:

I- Raphides Al
2- Cluster daentia

3- Prismatic 42 sita

-

4- Druse ERPTNE)

5- Cystolith 22235l

‘.- \ B ! .
The general function of these crystals isto raﬁce the toxicity of especial
lon
substances and to st3€ of some materials.
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Plant tissues

A collection of cells performing a specific function is called tissue. Plant tissues can be grouped into plant
tissue systems each performing specialized functions. A plant tissue system is defined as a functional unit,
connecting all organs of a plant. Plant tissue system is also grouped into various tissues based on their
functions. Let’s find out more.

Types of Plant Tissues

Plant tissues can be broadly classified based on the ability of the cells to divide into Merismatic tissue and
Permanent tissue.

Merismatic tissues consist of a group of cells that have the ability to divide. These tissues are

small, cuboidal, densely packed cells which keep dividing to form new cells. These tissues are capable of
stretching, enlarging and differentiating into other types of tissues as they mature. Meristematic tissues give
rise to permanent tissues. Merismatic tissues can be of three types depending on the region where they are
present: Apical meristems, lateral meristems, and intercalary meristems:

o Apical meristem - It is present at the growing tips of stems and roots and increases the length of the
stem and root. They form growing parts at the apices of roots and stems and are responsible for the
increase in length, also called primary growth. This meristem is responsible for the linear growth of
an organ.

o Lateral meristem - This meristem consists of cells which mainly divide in one plane and cause the
organ to increase in diameter and growth. Lateral meristem usually occurs beneath the bark of the
tree in the form of Cork Cambium and in vascular bundles of dicots in the form of vascular
cambium. The activity of this cambium results in the formation of secondary growth.

e Intercalary meristem - This meristem is located in between permanent tissues. It is usually present
at the base of the node, internode and on leaf base. They are responsible for growth in length of the
plant and increasing the size of the internode. They result in branch formation and growth.

The cells of meristematic tissues are similar in structure and have thin and elastic primary cell wall made up
of cellulose. They are compactly arranged without inter-cellular spaces between them. Each cell contains a
dense cytoplasm and a prominent nucleus. The dense protoplasm of meristematic cells contains very few
vacuoles. Normally the meristematic cells are oval, polygonal or rectangular in shape.

Meristematic tissue cells have a large nucleus with small or no vacuoles as they have no need to store
anything, opposed to their function of multiplying and increasing the girth and length of the plant, and no
intercellular spaces.
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Permanent tissues are derived from the merismatic tissues and have lost their ability to divide. They have
attained their mature form. They are further classified into two types: Simple and complex permanent
tissues.
Permanent tissues may be defined as a group of living or dead cells formed by meristematic tissue and have
lost their ability to divide and have permanently placed at fixed positions in the plant body. Meristematic
tissues that take up a specific role lose the ability to divide. This process of taking up a permanent shape,
size and a function is called cellular differentiation. Cells of meristematic tissue differentiate to form
different types of permanent tissues. There are 3 types of permanent tissues:

1. simple permanent tissues

2. complex permanent tissues

3. Special or secretory tissues (glandular).

Simple Permanent tissues
A group of cells which are similar in origin; similar in structure and similar in function are called simple permanent
tissue. They are of three types:

1. Parenchyma
2. Collenchyma
3. Sclerenchyma

o Parenchyma-— These tissues are found in the soft parts of a plant such as the roots, stems, leaves,
and flowers. The cells of this tissue are loosely packed and contain large intercellular spaces between
them. Each cell has a vacuole at the center. The functions of parenchyma tissues are
storage, photosynthesis, and to help the plant float on water.

e Collenchyma- Are similar to parenchyma cells with thicker cell walls. They are meant to provide
mechanical support to the plant structure in parts such as petiole of the leaf.

o Sclerenchyma- The cells of this tissue are dead. They are rigid, contain thick and lignified
secondary walls. Their main function is to provide strength and support to parts of the plant.

Complex Permanent Tissue
The complex tissue consists of more than one type of cells which work together as a unit. Complex tissues
help in the transportation of organic material, water, and minerals up and down the plants. That is why it is
also known as conducting and vascular tissue. The common types of complex permanent tissue are:

e Xylem or wood
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Xylem- It consists of tracheids, vessels, xylem parenchyma and xylem fibres. Tracheids and vessels are
hollow tube-like structures that help in conducting water and minerals. The xylem conducts only in one
direction i.e vertically. The xylem parenchyma is responsible for storing the prepared food and assists in the
conduction of water. Xylem fibres are supportive in function.
Phloem- It consists of four of elements: sieve tubes, companion cells, phloem fibres and the phloem
parenchyma. Unlike the xylem, phloem conducts in both directions. It is responsible for transporting food
from the leaves to the other parts of the plant. Phloem contains living tissues except for fibres that are dead
tissues.
Functions of plant tissues
Plant tissues have different functions depending upon their structure and location

« Help provide mechanical strength to organs.

« They help in providing the elasticity and flexibility to the organs.

« They help the tissues to bend easily in various parts of a plant like- leaf, stem, and branches without

damaging the plant

o The xylem and phloem tissues help in transportation of material throughout the plants

e They divide to produce new cells and help in the growth of the plants.

« They help in various cellular metabolisms like photosynthesis, regeneration, respiration, etc.

Plant Tissues

Meristems produce cells that quickly differentiate, or specialize, and become permanent tissue. Such
cells take on specific roles and lose their ability to divide further. They differentiate into three main tissue
types: dermal, vascular, and ground tissue. Each plant organ (roots, stems, leaves) contains all three tissue

types:

= Dermal tissue covers and protects the plant, and controls gas exchange and water absorption (in roots).
Dermal tissue of the stems and leaves is covered by a waxy cuticle that prevents evaporative water
loss. Stomata are specialized pores that allow gas exchange through holes in the cuticle. Unlike the stem
and leaves, the root epidermis is not covered by a waxy cuticle which would prevent absorption of
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water. Root hairs, which are extensions of root epidermal cells, increase the surface area of the root,
greatly contributing to the absorption of water and minerals. Trichomes, or small hairlike or spikey
outgrowths of epidermal tissue, may be present on the stem and leaves, and aid in defense against
herbivores.

= Ground tissue carries out different functions based on the cell type and location in the plant, and
includes parenchyma (photosynthesis in the leaves, and storage in the roots), collenchyma (shoot support
in areas of active growth), and schlerenchyma (shoot support in areas where growth has ceased)is the
site of photosynthesis, provides a supporting matrix for the vascular tissue, provides structural support
for the stem, and helps to store water and sugars.

= Vascular tissue transports water, minerals, and sugars to different parts of the plant. VVascular tissue is
made of two specialized conducting tissues: xylem and phloem. Xylem tissue transports water and
nutrients from the roots to different parts of the plant, and also plays a role in structural support in the
stem. Phloem tissue transports organic compounds from the site of photosynthesis to other parts of the
plant. The xylem and phloem always lie adjacent to each other in a vascular bundle (we’ll explore why

later).
Plant Plant Organs Plant Tissues
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Each plant organ contains all three tissue types. Koning, Ross E. 1994. Plant Basics. Plant Physiology Information Website.
http://plantphys.info/plant_physiology/plantbasics1.shtml. (6-21-2017). Reprinted with permission.

Plant Cell Types

All plants have primary cell walls, which are flexible and can expand as the cell grows and
elongates. Some plants also have a secondary cell wall, typically composed of lignin (the
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substance that is the primary component of wood). Secondary cell walls are inflexible and play an
important role in plant structural support.

Each plant tissue type is comprised of specialize cell types which carry out vastly different
functions:

We’ll describe each of these in turn, and consider how tissues carry out similar or different
functions in different organs based on the presence of specific cell types.

Cells in dermal tissue

The outer layer of tissue surrounding the entire plant is called the epidermis, usually comprised of
a single layer of epidermal cells which provide protection and have other specialized adaptations
in different plant organs.

In the root, the epidermis aids in absorption of water and minerals. Root hairs, which are
extensions of root epidermal cells, increase the surface area of the root, greatly contributing to the
absorption of water and minerals. Roots also contain specialized dermal cells called endodermis,
which is found only in the roots and and serves as a checkpoint for materials entering the root’s
vascular system from the environment. A waxy substance called suberin is present on the walls of
the endodermal cells. This waxy region, known as the Casparian strip, forces water and solutes to
cross the plasma membranes of endodermal cells instead of slipping between the cells.

In the stem and leaves, epidermal cells are coated in a waxy substance called a cuticle which
prevents water loss through evaporation. To permit gas exchange for photosynthesis and
respiration, the epidermis of the leaf and stem also contains openings known

as stomata (singular: stoma). Two cells, known as guard cells, surround each leaf stoma,
controlling its opening and closing and thus regulating the uptake of carbon dioxide and the
release of oxygen and water vapor. Stems and leaves may also have trichomes, hair-like
structures on the epidermal surface, that help to reduce transpiration (the loss of water by
aboveground plant parts), increase solar reflectance, and store compounds that defend the leaves
against predation by herbivores.

(b) ©

Visualized at 500x with a scanning electron microscope, several stomata are clearly visible on (a) the surface of this sumac (Rhus
glabra) leaf. At 5,000x magnification, the guard cells of (b) a single stoma from lyre-leaved sand cress (Arabidopsis lyrata) have
the appearance of lips that surround the opening. In this (c) light micrograph cross-section of an A. lyrata leaf, the guard cell pair

is visible along with the large, sub-stomatal air space in the leaf. (credit: OpenStax Biology, modification of work by Robert R.
Wise; part ¢ scale-bar data from Matt Russell)
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(b)
Trichomes give leaves a fuzzy appearance as in this (a) sundew (Drosera sp.). Leaf trichomes include (b) branched trichomes on

the leaf of Arabidopsis lyrata and (c) multibranched trichomes on a mature Quercus marilandica leaf. (credit: OpenStax Biology,
a: John Freeland; credit b, c: modification of work by Robert R. Wise; scale-bar data from Matt Russell)

Cells in vascular tissue

Just like in animals, vascular tissue transports substances throughout the plant body. But
instead of a circulatory system which circulates by a pump (the heart), vascular tissue in plants
does not circulate substances in a loop, but instead transports from one extreme end of the plant
to the other (eg, water from roots to shoots). Vascular tissue in plants is made of two specialized
conducting tissues: xylem, which conducts water, and phloem, which conducts sugars and other
organic compounds. A single vascular bundle always contains both xylem and phloem tissues.
Unlike the animal circulatory system, where the vascular system is composed of tubes that
are lined by a layer of cells, the vascular system in animals is made of cells — the substance (water
or sugars) actually moves through individual cells to get from one end of the plant to the other.
Xylem tissue transports water and nutrients from the roots to different parts of the plant, and
includes vessel elements and tracheids, both of which are tubular, elongated cells that conduct
water. Tracheids are found in all types of vascular plants, but only angiosperms and a few other
specific plants have vessel elements. Tracheids and vessel elements are arranged end-to-end, with
perforations called pits between adjacent cells to allow free flow of water from one cell to the next.
They have secondary cell walls hardened with lignin, and (similar to scherenchyma) provide
structural support to the plant. Tracheids and vessel elements are both dead at functional
maturity, meaning that they are actually dead when they carry out their job of transporting water
throughout the plant body.

Phloem tissue, which transports organic compounds from the site of photosynthesis to other parts
of the plant, consists of sieve cells and companion cells. Sieve cells conduct sugars and other
organic compounds, and are arranged end-to-end with pores called sieve plates between them to
allow movement between cells. They are alive at functional maturity, but lack a nucleus,
ribosomes, or other cellular structures. Sieve cells are thus supported by companion cells, which lie
adjacent to the sieve cells and provide metabolic support and regulation.

The xylem and phloem always lie adjacent to each other. In stems, the xylem and the phloem form
a structure called a vascular bundle; in roots, this is termed the vascular stele or vascular cylinder.
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This light micrograph shows a cross section of a squash (Curcurbita maxima) stem. Each teardrop-shaped vascular bundle
consists of large xylem vessels toward the inside and smaller phloem cells toward the outside. Xylem cells, which transport water
and nutrients from the roots to the rest of the plant, are dead at functional maturity. Phloem cells, which transport sugars and
other organic compounds from photosynthetic tissue to the rest of the plant, are living. The vascular bundles are encased in
ground tissue and surrounded by dermal tissue. (credit: OpenStax Biology, modification of work by “(biophotos)’/Flickr; scale-bar
data from Matt Russell)

Cells in ground tissue

Ground tissue includes parenchyma, (photosynthesis in the leaves, and storage in the

roots), collenchyma (shoot support in areas of active growth), and schlerenchyma (shoot
support in areas where growth has ceased).

Parenchyma are the most abundant and versatile cell type in plants. They have primary cell walls
which are thin and flexible, and most lack a secondary cell wall. Parenchyma cells are totipotent,
meaning they can divide and differentiate into all cell types of the plant, and are the cells
responsible for rooting a cut stem. Most of the tissue in leaves is comprised of parenchyma cells,
which are the sites of photosynthesis. Leaves typically contains two types of parenchyma cells:

the palisade parenchyma and spongy parenchyma. The palisade parenchyma (also called
the palisade mesophyll) has column-shaped, tightly packed cells. Below the palisade parenchyma
are the cells of the spongy parenchyma (or spongy mesophyll), which are loosely arranged with air
spaces that all gaseous exchange between the leaf and the outside atmosphere. Both of these types
of parenchyma cells contain large quantities of chloroplasts for phytosynthesis. In roots,
parenchyma are sites of sugar or starch storage, and are called pith (in the root center)

or cortex (in the root periphery). Parenchyma can also be associated with phloem cells in vascular
tissue as parenchyma rays.

Collenchyma, like parenchyma, lack secondary cell walls but have thicker primary cells walls
than parenchyma. They are long and thin cells that retain the ability to stretch and elongate; this
feature helps them provide structural support in growing regions of the shoot system. They are
highly abundant in elongating stems. The “stringy” bits of celery are primarily collenchyma cells.
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Schlerenchymas cells have secondary cell walls composed of lignin, a tough substance that is the
primary component of wood. Schelrenchyma cells therefore cannot stretch, and they provide
important structural support in mature stems after growth has ceased. Interestingly,
schlerenchyma cells are dead at functional maturity. There are two types of sclerenchyma

cells: fibers and sclereids. Fibers are long, slender cells; sclereids are smaller-sized. Sclereids
give pears their gritty texture, and are also part of apple cores. We use sclerenchyma fibers to make
linen and rope.
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A cross section of a leaf showing the phloem, xylem; sclerenchyma and collenchyma, and mesophyll. By Kelvinsong — Own work,
CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=25593329

Tissue arrangements in different plant organs

Each plant organ contains all three tissue types, with different arrangements in each organ.
There are also some differences in how these tissues are arranged between monocots and dicots, as
illustrated below:

In dicot roots, the xylem and phloem of the stele are arranged alternately in an X shape, whereas in
monocot roots, the vascular tissue is arranged in a ring around the pith. In addition, monocots
tend to have fibrous roots while eudicots tend to have a tap root (both illustrated above).

In dicot stems, vascular bundles are arranged in a ring toward the stem periphery. In monocot
stems, the vascular bundles are randomly scattered throughout the ground tissue.
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In (a) dicot stems, vascular bundles are arranged around the periphery of the ground tissue. The xylem tissue is located toward
the interior of the vascular bundle, and phloem is located toward the exterior. Sclerenchyma fibers cap the vascular bundles. In
the center of the stem is ground tissue. In (b) monocot stems, vascular bundles composed of xylem and phloem tissues are
scattered throughout the ground tissue. The bundles are smaller than in the dicot stem, and distinct layers of xylem, phloem and
sclerenchyma cannot be discerned. Image credit: OpenStax Biology

Leaves include two different types of photosynthetic parenchyma cells (palisade and spongy). Like
all plant organs, they also contain vascular tissue (not shown). Monocots tend to have parallel
veins of vascular tissue in leaves, while dicots tend to have branched or net-like veins of vascular
tissue in the leaves.

Cuticle
Upper
epidermis
— Palisade parenchyma
Mesophyll —
— Spongy parenchyma
Lower
epidermis _
/ Cuticle
Stoma Guard cells

In the (a) leaf drawing, the central mesophyll is sandwiched between an upper and lower epidermis. The mesophyll has two
layers: an upper palisade layer comprised of tightly packed, columnar cells, and a lower spongy layer, comprised of loosely
packed, irregularly shaped cells. Stomata on the leaf underside allow gas exchange. A waxy cuticle covers all aerial surfaces of
land plants to minimize water loss. Image credit: OpenStax Biology
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Parenchyma tissue

Parenchyma (Figs. 8.1, 8.6) is a cell and tissue type in which the cells have only thin primary
walls; the cells are unspecialized, lack the characteristic wall of collenchyma and the secondary
walls of sclerenchyma; the cells have live nucleate protoplast concerned with various physiological
activities in plants; the cells are meristematic, or permanent, simple homogeneous (i.e. composed
of one type of cells only), fundamental or ground tissue upon which other simple and conducting
tissues appear to be embedded.

Characteristics:

It is the basic packaging tissue that fills the spaces between other tissues and is found most
abundantly in plants.They have unspecialised/ undifferentiated cells with thin cell walls made of
cellulose, they have large intercellular spaces as the cells are loosely packed. Cells have dense
cytoplasm and nucleus and large vacuole.

Distribution:

Large portion of all plant organs are occupied by parenchyma. They occur in pith, cortex and
pericycle of root and stem. They are also found in leaves as mesophyll tissue. They are also present
in the fleshy parts of fruits and endosperm of seed. They also occur in the conducting tissues as
xylem and phloem parenchyma. The innermost layer of periderm phelloderm is also composed of
parenchyma.

Structure and content:

Parenchyma cells usually have primary walls (e.g., storage and chlorophyllous parenchyma). The
storage parenchyma cells of endosperm of Phoenix, Asparagus have very thick walls. The thickness
of wall is due to the deposition of hemicellulose.
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Usually parenchyma cells contain living protoplast with single or numerous vacuoles. They may
also contain leucoplasts, chloroplasts etc. (chloroplast containing parenchyma cells are termed as
chlorenchyma). Various carbohydrates, nitrogenous and fatty substances are found in the cell sap
of parenchyma. The parenchyma cells of the roots of sugar beet and the bulb scales of onion
contain amides, proteins, sugars etc. in their cell sap.

The cotyledon of many leguminous plants contains protein and starch in their parenchyma cells.
The parenchymatous endosperm of Ricinus communis contains protein and oils. Protein and
starch are present in the parenchyma of potato tuber. Starch is present in the parenchyma of
endosperm, tubers, cortex, fruits, xylem and phloem etc. In the parenchyma of storage organs and

succulent, water is present.

Tannins are also found in many parenchyma cells. Some parenchyma cells, termed idioblasts,
which markedly differ in size, content and function than the neighbouring cells, may contain
resinous substances (e.g. Rubiaceae, Rutaceae etc.), mucilaginous substances (e.g. Tiliaceae,
Portulacaceae etc.), oily substances (e.g. Lauraceae) and the enzyme myrosinase (e.g. Cruciferae).

Function:

1. This tissue provide support to plants

2. Parenchyma of stem and roots stores nutrients and water and is called as STORAGE
PARENCHYMA.

3. When it contains chloroplast having chlorophyll and performs photosynthesis, it is called
CHLORENCHYMA.

4. In aquatic plants, parenchyma has large air spaces to provide buoyancy to plants to help
them float and exchangegases, it is called AERENCHYMA.

5. Wound repair and the potential for renewed meristematic activity

35


https://en.wikipedia.org/wiki/Meristematic

Collenchyma

Collenchyma cells are elongated cells with irregularly thick cell walls that provide support and
structure.

Collenchyma cells are usually living, and have only a thick primary cell wall®®® made up of cellulose
and pectin. Cell wall thickness is strongly affected by mechanical stress upon the plant. The walls

of collenchyma in shaken plants (to mimic the effects of wind etc.), may be 40-100% thicker than

those not shaken.

These cells are often found under the epidermis, or the outer layer of cells in young stems and in
leaf veins.

There are four main types of collenchyma:

e Angular collenchyma (thickened at intercellular contact points)

« Lamellar (Tangential collenchyma) cells arranged into ordered rows and thickened at the
tangential face of the cell wall.

« Annular collenchyma (uniformly thickened cell walls)

e Lacunar collenchyma (collenchyma with intercellular spaces)

Functions:

« It provides mechanical strength to the petiole, leaves and stem of young dicot plants.

« Collenchyma confers flexibility to various parts of the plant like petiole and stem, allowing
for easy bending without breakage.

« It allows for growth and elongation of plant organs.

o Collenchyma present in leaves also prevents them from tearing.

e The living cells of collenchyma store food.

e Collenchyma when containing chlorophyll performs the function of photosynthesis.
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Types of Collenchyma in Plants

Angular Annular
W
Lamellar Lacunar

Collenchyma cells are most often found adjacent to outer growing tissues such as the vascular
cambium and are known for increasing structural support and integrity.

The first use of "collenchyma" (/ka'lenkima, ko-/ was by Link (1837) who used it to describe the
sticky substance on Bletia (Orchidaceae) pollen. Complaining about Link's excessive

nomenclature, Schleiden (1839) stated mockingly that the term "collenchyma” could have more
easily been used to describe elongated sub-epidermal cells with unevenly thickened cell walls.

CHARACTERISTICS: The cells are living, elongated and irregularly thick at the corners made of
cellulose or pectin they have very less or no intercellular spaces. The cells have a nucleus, dense
cytoplasm and Large vacuole.

FUNCTIONS: These cells provide flexibility (elasticity) and mechanical support to the aerial parts
of the plants and allows them to bend.

LOCATION: This type of tissue is found in leaf stalks, below epidermis of leaves and stem.

Sclerenchyma
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Sclerenchyma

It is also a simple tissue mainly adapted for mechanical function. A
sclerenchyma tissue is considerably thick walled and lignified with simple
pits in the walls, sclerenchyma cells show much variations in form,
structure, origin and development, and the different types of cells are placed
into two group:  1- fibers  2- sclereids.

1- Fibers: fibers are very much elongated, usually with pointed needle like
ends, and dead in nature. PR S

Classification: fibers are divided in to two large groups

e xylary fibers or wood fibers (intraxylary fibers) which sub divided in
to two main groups
1-. fiber tracheid -

2- libriform fibers.

o extraxylary fibers, which contain phloem fibers besides the fibers
found in cortical and pericycle, these last two types of fibers included
fibers placed outer of the primary phloem are found in dicot stems,
while the fibers placed hypodermal (hypodermal fiber) and bundle
sheath fiber are found in some monocot stems and these are
originated from ground meristems.

Structure:

- Extraxylary fibers or phloem fibers are long spindle- like with acute
or acuminate or blunt ends. Generally primary extraxylary fibers are
longer than the secondary. Fhe-cel-wat-of-fiberssis-quiet=thickaWith

At .@thse fibers lose protoplasm and become dead.” honslisaified
lose protoplasm and become dead.
- Intraxylary fibers or Wood fibers or xylem fibers: Have strongly

lignified secondary walls. They vary in size, shape, thickness of wall,
Som fibers may eSS
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bear gelatinous sheath. The tracheids fibers and libriform fibers both
are septate fibers also show overlapping or interlocking nature at their
ends.

Distribution:

Fibers occur as groups or as shects or as cylinders in the cortical and
vascular region (in xylem and phloem) or as bundle sheath or bundle cap in
the bundles.

" In stem of Dicots fibers occur in the outer most parts of the primary phloem
as bundle cap fibers or perivascular fibers besides phloem fibers and xylem
fibers ex: in Linum and Nerium.

‘/TLL k S A A € ""J SR =

In Monocot stems fibers have been observed as bundle sheath and
hypodermal fibers ex:. in Zea mays.

The primary and secondary xylem and phloem tissues of roots also bear
fibers. ‘

Functions:

These are the most important type of mechanical cells their great strength,
flexibility and elasticity serve to enable plant organs to develop resistance
against gravitational tension and strains.

Economic fibers:

Flax, hemp, jute and ramie fibers are obtained from phloem and are used for
preparing carpets, ropes etc.

The commercial fibers are separated in to hard and soft fibers, the hard
fibers are obtained from monocots stems and leaves with heavy lignified
walls ex:. Musa textilis, while the soft fibers obtained from dicots ex:
Cannabis sativa.

Cross section of sclerenchyma fibers
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2- Sclereids
Origin:
Sclereids have different origins ex:

_ Some sclereides developed from the derivatives of procambial and
cambial cells.

_ Stone cells embedded in cork originate from phellogen (cork
cambium)

_ Macrosclereids of seed coat are protodermal in origin.
Structure:

The secondary walls of the sclereids vary in thickness and are typically
lignified. In many sclereides the lumens are almost filled with massive wall
deposits and secondary walls show rathiform canal like pits, and normally
become dead with maturity.

Some Sclereid may get branched during their developmental period.
Classification: (fig 3)

Sclereids are classified on the basis of their size, shape, nature of cell wall
and mode of deposition of secondary cell wall materials:

I- Brachysclereids (stone cells): these are isodiametric, short, resemble
parenchyma cells and occur in cortex, pith of the stem and flesh of fruits as
in fruits of Pyrus communis (Pear).

7. Macrosclereids: these are rod shaped elongated cells form palisade like
epidermal layer on the seed coat in species of Phaseolus and Pisum (Pea)
etc.

3. Osterosclereids (bone shaped sclereids): these are bone like 1n shape,
columnar cells enlarged at the ends. They occur in the leaves of some dicots
and seed coat of Pea.

4- Astrosclereids (Star shaped sclereids): these are star or stellate shaped
and occur in the leaves of some dicots such as Nympheae (water lily)
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5- Trichoseclereids (filiform sclereids): these are long, slender and hair
like as L or Y shaped, they occur in leaves mesophyll of Olive plant.
Function:

1- give firmness to the parts where they are present.

2- sclereids because of their lignifications in the secondary wall give
mechanical support to a particular part by producing a hard texture ex: seed
coats, endocarp of fruits etc.

Types of Sclereids

Brachysclereide Macrosclereide Osteosclereide

Asterosclereide Trichosclereide
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Plant secretory tissue

The tissues that are concerned with the secretion of gums, resins, volatile oils, nectar latex,
and other substances in plants are called secretory tissues. These tissues are classified as
either laticiferous tissues or glandular tissues.

Introduction

Cells or organizations of cells which produce a variety of secretions. The secreted substance
may remain deposited within the secretory cell itself or may be excreted, that is, released from the
cell. Substances may be excreted to the surface of the plant or into intercellular cavities or canals.
Some of the many substances contained in the secretions are not further utilized by the plant
(resins, rubber, tannins, and various crystals), while others take part in the functions of the plant
(enzymes and hormones). Secretory structures range from single cells scattered among other
kinds of cells to complex structures involving many cells; the latter are often called glands.

Epidermal hairs of many plants are secretory or glandular. Such hairs commonly have a head
composed of one or more secretory cells borne on a stalk. The hair of a stinging needle is bulbous
below and extends into a long, fine process above. If one touches the hair, its tip breaks off, the
sharp edge penetrates the skin, and the poisonous secretion is released. Glands secreting a
sugary liquid—the nectar—in flowers pollinated by insects are called nectaries. Nectaries may
occur on the floral stalk or on any floral organ: sepal, petal, stamen, or ovary.

The hydathode structures discharge water—a phenomenon called guttation through openings in
margins or tips of leaves. The water flows through the xylem to its endings in the leaf and then
through the intercellular spaces of the hydathode tissue toward the openings in the epidermis.
Strictly speaking, such hydathodes are not glands because they are passive with regard to the
flow of water.

Bundle
Cauticle Sheath

Palisade
Parenchyma
N\ Epithem
4 (Thin-walled
§ Parenchyma)

Water
Cavity

Tracheids

Longitudinal section
of leaf apex and
hydathode ] Spongy Sheath
E Stoma  Parenchyma

Hydathode Guttation
Some carnivorous plants have glands that produce secretions capable of digesting insects and
small animals. These glands occur on leaf parts modified as insect-trapping structures. In the
sundews ( Drosera ) the traps bear stalked glands, called tentacles. When an insect lights on the
leaf, the tentacles bend down and cover the victim with a mucilaginous secretion, the enzymes of
which digest the insect. See insectivorous plants.
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Resin ducts are canals lined with secretory cells that release resins into the canal. Resin ducts are
common in gymnosperms and occur in various tissues of roots, stems, leaves, and reproductive
structures.

Gum ducts are similar to resin ducts and may contain resins, oils, and gums. Usually, the term
gum duct is used with reference to the dicotyledons, although gum ducts also may occur in

the gymnosperms. Oil ducts are intercellular canals whose secretory cells produce oils or similar
substances. Such ducts may be seen, for example, in various parts of the plant of the carrot family
(Umbelliferae). Laticifers are cells or systems of cells containing latex, a milky or clear, colored or
colorless liquid. Latex occurs under pressure and exudes from the plant when the latter is cut.

Laticiferous tissues

These consist of thick walled, greatly elongated an d much branched ducts containing a milky or
yellowish colored juice known as latex. They contain numerous nuclei which lie embedded in the
thin lining layer of protoplasm. They irregularly distributed in the mass of parenchymatous cells.
Laticiferous ducts, in which latex are found are again two types-

1. Latex cell or non-articulate latex ducts
2. Latex vessels or articulate latex

43


https://en.wikipedia.org/wiki/Gymnosperms
https://en.wikipedia.org/wiki/Umbelliferae
https://en.wikipedia.org/wiki/Latex
https://en.wikipedia.org/wiki/Latex
https://en.wikipedia.org/wiki/Protoplasm

Latex cells

Also called as "non-articulate latex ducts”, these ducts are independent units which extend as
branched structures for long distances in the plant body. They originates as minute structures,
elongate quickly and by repeated branching ramify in all directions but do not fuse together. Thus
a network is not formed as in latex vessels.

Latex vessel

Also called "articulate latex ducts”, these ducts or vessels are the result of anastamosis of many
cells. They grow more or less as parallel ducts which by means of branching and frequent
anastamoses form a complex network. Latex vessels are commonly found in many angiosperm
families Papaveraceae, Compositae, Euphorbiaceae, Moraceae, etc.

Function

The function of laticiferous ducts is not clearly understood. They may also act as food storage
organs or as reservoir of waste products, or as translocatory tissues.

Glandular tissues

This tissue consists of special structures; the glands. These glands contain some secretory or
excretory products. A gland may consist of isolated cells or small group cells with or without a
central cavity. They are of various kinds and may be internal or external.

Internal glands are

« Oil-gland secreting essential oils, as in the fruits and leaves of orange, lemon.
e Mucilage secreting glands, as in the betel leaf

o Glands secreting gum, resin, tannin, etc.

o Digestive glands secreting enzymes or digestive agents

e Special water secreting glands at the tip of veins
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External glands are commonly short hairs tipped by glands. They are

e water-secreting hairs or glands,
o Glandular hairs secreting gum like substances as in tobacco, plumbago, etc.

« Glandular hairs secreting irritating, poisonous substances, as in nettles
e Honey glands, as in carnivorous plants.

B

glandular hairs

Staining hairs
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ANATOMY OF ROOT

Primary Root Structure

The seedling radicle ultimately becomes the primary root (tap root), which frequently’

ﬂ”

N <

1';

develops side branches (lateral roots). In monocots the seedling radicle commonly dies at an

early stage; the stem-borne (adventitious) roots of the mature plant originate from
differentiated cells (Fig. 3.4). Adventitious roots can be branched or unbranched. Although
roots can orlglnate from various organs, their basic primary structure re(talns a characterlstlc
root ground pé:f’n that is different from that of the stem. Each root possesses clearly defined -
;.Sconcentric tissue regions: dermal tissue (epidermis), ground tissue (cortex, mcludlng the

‘endodermis) and central vascular tissue surrounded by a per1cycle (Flg 3.3)
r_,Dr; > Ve /~

Root Apex

Root apices possess a terminal protective root .cap and a prox1mal root apical meristem

vuJ‘ ',f‘

(Fig. 3.1). The quiescent cenfre is a group of relatlvely inactive cells at the y very centre and

v
tip of the root aplcal meristem. The cells of the quiescent centre divide 1nﬁ'ecLuently, their

role is obséure, but they maintain initial cells in an undlfferengjated state. These cells,

together with the root cap initials, are derived from the upgermb%t cell of the suspensor _,
(hypophysis) in the embryol8 (Fig. 6.7). Cell division activity occurs in the cells

surrounding the quiescent centre.

cortex central
cylinder

2

root cap

Figure 3.1 Diagram of root apical organization in Zea mays (Poaceae),a species with closed structure.
Arrows indicate direction of displacement of cell derivatives. (Adapted from Feldman 1984).
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In Arab1d0p31s thaliana the initial cells lie in clearly defined regions relative to the
quiescent centre, the pericycle and vascular initials pro’fumal to it (on the shoot side), the root

\ cap initials ,

cortex

F

X 2 ‘,

cap and epidermis initials dlsfal to it (on the root cap side) and the cortical and endodermal

,/mltlals radial to it. However in other species (e.g. Vicia faba) there is an undifferentiated

£ ¢
' /’%‘ 5

initiating region common to all root tissues102. The active region is termed the promeristem.
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The junction between the root cap and the root apical meristem is either clearly defined by a
distinct cell boundary (termed closed organization, as in Zea mays and Arabidopsis thaliana),
- orill- deﬁned (termed open structure, as in V1c1a faba: Fig. 3.2), though w eXiSt » 4 5

of the root is unstable

Root Cap

7" The root cap is composed of several layers of parenchymatous cells. The cells of the

root cap are 1n1t1a11y derived from the apical meristem. However, ontogenetic studies in
maize (Zea mays), a species,with ‘‘closed’’ root apical structure (Fig. 3.1), have shown that
the cap initials become estabhshed and independent from the apical meristem at an early
stage in seedling development 8. The cap meristematic cells, located adjacent (distal) to the
quiescent centre, produce derlvatlves that are eventually displac id towards the outside of the
root cap, and subsequently sloughed off, contributing to the external slime that allows the
root to push through the soil. Cells are generated and lost in the root cap at approx1mately the
same rate.

Figure 3.3 Ranunculus acris (Ranunculaceae), transverse section of root,with detail of central vascular
region (inset). c 4 cortex, e J: endodermis,mx /; metaxylem, pe % pericycle, ph % phloem, px % protoxylem.

Scale % 100 mm.

Root Epidermis and Hypodermis
In root apices with closed organization, the root epidermis is associated either with
cortical cells (in most monocots) or with cap initials (in most other angiosperms); in root
apices with open organization the precise origin of the root epidermis is relatively difficult to
determine21. In eudicots the root epidermis (rhizodermis) is typically uniseriate, as in other
parts of the plant. In monocots the root epidermis is normally persistent and remains as the
outermost layer of the root.
> v A velamen is particularly characteristic of aerial roots of Orchidaceae and Araceae.
? %elamen cells of a mature root are dead, and often become saturated with water for storage
\ &purposes whereas a persistent rhizodermis consists of living cells. A velamen is usually
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. [multilgg_rgd but can also be one-layered; the cell walls are often partly thickened and
.| sometimes lignified. In Orchidaceae, velamen cells frequently possess wall striations. ot
Most angiosperms possess absorptive root hairs in underground roots, usually confined '
to a region about a centinieter from the root apex, beyond the meristematic region, but in an
area where cellﬁd are still enlarging. In general, root hairs per31st for only a limited period
'. ~ before w1ther1ng This region of the root is the most active in absorption of water, and the
# root hairs serve to present a greater surface area for this purpose. Root hairs are formed from
epidermal cells by apical intrusive growth In some plants only specialized root epidermal
cells (trichoblasts) are capable of root hair production Trichoblasts are formed in =~~~ |
_meristematic epidermal cells that overlie the junction between two cortical cells18. Thus, in
many species the root epidermis is dimorphic and clearly differentiated into short cells
(trichoblasts) and long cells (sometimes termed atrichoblasts), as in Arabidopsis thaliana.
Some other species (including many monocots such as species of Asparagales and Araceae)
instead possess a dimorphic hypodermal layer immediately below the root epidermis63; this
is normally interpreted as the outermost cortical (exodermal) layer but may represent the
innermost layer of a multilayered persistent rhizodermis. The hypodermal short cells
resemble trichoblasts,and are probably transfusion cells.

Root Cortex and Endodermis

The cortex is the region between the pericycle and the epidermis, mcludmg the innermost _
layer, the endodermis. In underground roots the rhizodermis becomes worn worn away, andis %
replaced as an outer layer either by a periderm that forms in the cortex (1n most woody
eudicots and magnoliids) or by a suberinized or hgmf'éd exodermis (in some monocots),
which is sometimes multilayered. Apart from these specialized layers, most cortical cells are
parenchymatous and often perform an important storage function. In some plants, such as

¢ Daucus carota (carrot), the tap root is a modified swollen storage organ with a wide cortex.
# In most roots the bﬁlk of the cortical cells are formed by sequential penclmal divisions, the
" innermost cells (later the endodermis) being the last formed. ¢ . .

Many plants with underground stems (corms, bulbs or r}uzomes) partlcularly bulbous or ..
cormous monocots such as Crocus, Freesia and Hyacinthus, perlodlcally produce contractile - /)a
roots which draw the stem deeper into the 50il67. These roots grow downwards andthen 7
shorten vertically and expand E@ﬁily Theyare recogmzable by theif Wr wrinkled surface, and »J‘“
characteristically possess two or three clearly distinct coﬁbentrlc regions of cortical
parenchyma, distinguishable by cell size, including a region of collaps’"d outer cortical cells %~
interspersed with occasional thicker walled cells. In some species the process of root
contraction is initiated by active cell enlargement in the inner cortex, followed by collapse of
outer cortical cells and @ﬁq&nt surface folding. In other species the collapse of outer
cortical cells results from the difference between atmospheric pressure and relatively low
xylem pressure (due to transpiration), causing centripetal loss of turgidity. The endodermis is
a uniseriate cylinder of cortical cells surrounding the central vascular region, adjacent to the
pericycle. Endodermal cells are typically characterized by deposition of a band of suberin or
lignin in their primary walls, termed a Casparian strip, which forms a barrier against non-
selective passage of water through the endodermis. .

“‘ \’;\ go‘l ouS A"'M & ¥ "2'1'—.-"'-' !
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Pericycle and Vascular Cylinder
The vascular tissue in the centre of the root is surrounded by a single layer (or rarely,

" more layers) of thin-walled cells, termed the pericycle (Fig. 3.3). Both the pericycle and

§

&

vascular tissue are derived from cells on the proximal (shoot) side of the quiescent centre.
The pericycle is potentially meristematic in younger roots, as it is the site of lateral root
initiation, but in older roots it can become lignified. i

The primary vascular tissue consists of several strands of phloem alternating with the
rays of a central area of xylem that appears star-shaped in transverse section. In a mature
root, the protoxylem elements, which were the first-formed and are the narrowest in
diameter, are located at the tips of the rays, nearest to the pericycle. The metaxylem elements
are larger and located closer to the centre of the root. Both xylem and phloem are exarch in
the root (i.e. they mature centripetally). Similarly, the protophloem is located close to the

pericycle, in contrast with the metaphloem, which is situated closer to the centre of the root.
(i 61

¢’

Initiation of Lateral and Adventitious Roots S

Lateral roots are branches of the tap_ roqt, They are initiated in relatively mature tissues
some distance from the apex, often in acropetal sequence; the most recently-formed lateral
roots are usually those nearest to the root apical meristem. In angiosperms, lateral roots have
a deep-seated (endogenous) origin. Root formation is usually initiated in groups of ‘‘founder
cells’ in the pericycle, often adjacent to the xylem poles. The position of lateral root

initiation in the pericycle is usually at a point adjacent to a protoxylem pole, unless the root

is diarch, in which case initiation is sometimes opposite a phloem pole. However, in
monocots lateral root initiation can be opposite either protoxylem or phloem poles, though in
roots with a large number of vascular poles it is often difficult to determine the premse site of
initiation72. per B
—The founder cells undergo a series of periclinal and anticlinal divisions to form a lateral

root prlmordlum In many species some subsequent cell divisions occur in the endodermis,

so that ultimately both the pericycle and the endodermis contribute to the tissues of the
 lateral root. The growing lateral root pushes its way through the cortex and-epidermis of the
_parent root, either by mechanical or enzymatic actlonlAdventltlous roots are formed in other
“parts of the plant, primarily stem tissue. They have various sites of origin, from deep-seated
(endogenous) (Fig. 3.4), to (more rarely) exogenous, arising from superficial tissues such as
the epidermis (e.g. in surface-rooting Begonia leaves). In most monocots adventitious roots
arise from cell divisions in the pericyclic region of the stem; the primary thickening
meristem contributes to adventitious root formation (chapter 2.8). Adventitious roots are
often formed at nodes on the stem, which is why in horticulture cuttings are most commonly
taken from just below a node. Adventitious roots may also form from callus tissue at the site
ofa wound.ly )
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Secondary Growth in Roots

In some woody eudicots the thickening and strengthening of the root system is
important in supporting the trunk. Most dicot roots possess at least a small amount of
secondary thickening (Fig. 3.5), with the exception of a few herbaceous species such as

L‘}’j_((

; \Ranunculus (Fig. 3.3). In contrast, secondary growth in roots is extremely rare in monocots T

(chapter 2.8). A notable exception is Dracaena, in n which a limited region of secondary tissue
is formed111. As in the stem, secondary vascular tissues of the root are produced by a

U
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vascular cambium. This initially develops in the regions between the primary xylem and
. phloem, then in derivatives of cell divisions in the pericycle next to the xylem poles. Since
v\j cambial activity proceeds in this sequence, the xylem cylinder soon appears circular in
'Y’ transverse section (Fig. 3.5)¢* '
' Further perigyc\;lic cell divisions result in a secondary corfex, and in many cases a
periderm forms, particularly where secondary growth is extensive. The epidermis splits and
- is sloughed off together with the primary cortex and endodermis. Root secondary xylem
‘¢~ usually resembles that of the stem in the same plant,
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Figure 9.20: T.S of Monocot root
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" ANATOMY OF STEM

Shoot Apex
The vegetative shoot apex contributes to extension growth of the shoot and initiates leaf
primordia. Most shoot apices are indeterminate,though some (e.g. shoot thorns) become
determinate.The vegetative shoot apical meristem is typically dome-shaped and partitioned
by distinct zones of activity (Fig. 2.1). In many species, the outermost two (sometimes more)
cell layers (L1 and L2, collectlvely termed the t tumca) are maintained predominantly by
anticlinal cell divisions. The corptis (L3), in which cell divisions are randomly oriented, is
the region proximal to the tunica. Thus, the outer layers contribute to surface growth and the
inner layers to an increase in volume, though there is often slight intergradation between the
two layers20. The central regions of both tunica and corpus are sometimes larger and more
“highly vacuolated than those on either side. The central region underl; ying the corpus layer is
7" arib meristem; this gives rise to files of cells that later become the pith. This central region is
"“ surrounded by a peripheral flank meristem that produces the procamblum cortical region
and leaf primordia. e
Reproductive shoot apices are complex examples of determinate growth During the
“transition to the flowering phase (termed floral transition), the shoot apex commonly under
> goes profound morphological change, though the tunica/corpus structure is maintained77. In
general, at floral transition there is an overall increase in mitotic activity at the shoot apex,
but a proportionally greater increase among the axial apical cells than among the peripheral
cells43.

apical zone

tunica: L1, L2

- ———

- ~
corpus
Se. B g%
flank s+ T 77\ flank

meristem / :
p pith rib \\ meristem
/ meristem \
! \
I \

leaf
primordium

Figure 2.1 Diagram of angiosperm shoot apical organisation.

Primary Stem Structure =

The plant stem is generally cyhndrlcal or sometimes ridged or quadrangular (Fig. 2.2).
Primary vascular tissue typlcally consists of either a complete cylinder or a system of
discrete vascular bundles. The cortex is the region of ground tissue between the vascular
tissue and the epidermis; the junction between the cortex and vascular region is termed the
»“pericyclic region, from which endogenous adventitious roots can arise (Fig. 3.4). The pith is
the central region of ground tissue, though in many stems it breaks down to form a central
hollow cavity. The stem epidermis often bears stomata and trichomes, as in the leaf
epidermis (chapter 4.3).
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The stem primary ground tissue is basically parenchymatous but can be modified into
various tissue types or interspersed with fibres and sclereids, and parenchyma cells
frequently become lignified as the plant ages. Ridged or angled stems often possess

- strengthening collenchyma at the angles, immediately within the epidermis. Many stems are
photosynthetic organs with a chlorenchymatous cortex, pamcularly in leaﬂess (apophyllous)
plants, which normally occur in nutrient-poor habitats. :

Some plant stems possess secretory cells or ducts in the ground tissue. For example,
many species of Euphorbia possess branched networks of laticifers in the cortex (Fig. 1.6),
which extend throughout the ground tissue of the stem and leaves. Plants with succulent
stems, such as many Cactaceae, typically possess regions of large thin-walled cells that
contain a high proportion of water. Some stems (e.g. corms of Crocus) are specialized as
storage or perennating organs; they store food reserves in the form of starch granules, most
commonly in the inner cortex. Sometimes the layer of cortical cells immediately adjacent to,
the vascular tissue is distinct from the rest of the cortex, and may be packed with starch a\:da
granules; this is termed a star¢h sheath or sometimes an endodermoid layer or endodermis,
though the component cells usually lack the Casparian thickenings that are typically found in
the root endodermis. '

Primary Vascular System
The primary vascular system is mostly derived from the procambium near the shoot
apex. Primary vascular bundles possess both xylem and phloem, arranged either adjacent to
~ each other (in collateral vascular bundles: Fig. 1.12), or with strands of phloem on both sides
of the xylem (bicollateral vascular bundles), or with xylem surrounding the phloem
(amphivasal vascular bundles).”™ ~ "
In woody angiosperms, internodal stem vasculature is typically arranged either in a
continuous cylinder, or in a cylinder of separate or fused collateral bundles, with the phloem
- external to the xylem (Fig. 2.2). In some stems the bundles may be bicollateral; for example
in species of Cucurbita internal phloem is present in addition to the external phloem.
The vascular cambium, which produces secondary vascular tissue in woody species, is
initially sitfated between the xylem and phloem within vascular bundles, but eventually
. “extends between the vascular bundles to form a complete vascular cylinder. Some stems also
\ possess cortical or medullary (pith) bundles, which can be associated with leaf vasculature.
In monocots, which lack a vascular cambium, the stem vascular bundles are typically
scattered throughout the central ground tissue (Fig. 2.3), or sometimes arranged in two or
more distinct rings. o e
Vascular bundles may be collateral, bicollateral or amphlvasal Cortex and pith are
frequently indistinct from each other, though the cortex may be defined by an endodermoid
layer, or a distinct ring of vascular bundles, or in some stems, particularly inflorescence axes,
by a cylinder of sclerenchyma that encloses the majority of vascular bundles. The monocot
vascular system is often extremely complex.128
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Figure 2.3 Monocot stem anatomy Lilium tlgnnum (Llhaceae) transverse sectlon of inflorescence axis,
showing cortex (c), surrounding central region with numerous distinct vascular bundles. sc %
sclerenchymatous layer. Scale % 100 mm.

Vascular Cambium w AV Y
Increase in height, achieved by growth at the ap1cal merlstem is inevitably followed
by at least some degree of increase in stem thickness. This is achieved by different types of
meristems in different species. In woody eudicots and most magnoliids (but not monocots),
secondary vascular tissue (both xylem and phloem) is produced by the vascular cambium
(Fig. 2.5), which usually becomes active at a short distance behind the stem apex.
The vascular cambium is initiated between xylem and phloem within vascular bundles,
but soon consists of an unbroken cylinder of meristematic cells. It typically generates
' secondary xylem (wood) at its inner e@& and secondary phloem at its outer edge, though ~
plants with anomalous secondary growth do not always follow this pattern. The amount of
secondary vascular tissue produced is extremely variable, depending on the habit of the
plant. Vascular cambium is absent in monocots and some herbaceous eudicots (e.g.
Ranunculus) and magnoluds (e.g. Saururus).
The vascular cambium is a single cell layer (uniseriate) or several cell layers
(multiseriate) if xylem and phloem mother cells are included. It is a complex tissue |
Tk consisting of both fumform Ji’mtlals and ray 1mt1als’,‘ which form thé 4xial and radial systems
27 respectively. Both fusiform and ray initials are Vacuolated (unlike most meristematic tissue)
and plastid-rich. Fusiform initials are axially elongated cells with tapering ends. They divide
7 periclinally to form the axial elements of secondary tissues:tracheary elements, fibres and
axial parenchyma in secondary xylem, and sieve elements, companion cells and fibres in
secondary phloem. Ray initials are isodiametric cells that divide periclinally to form ray
parenchyma cells in both xylem and phloem.Fusiform initials sometimes give rise to new ray
initials as the stem increases in circumference and new rays are formed.

Secondary Xylem -

Secondary xylem (wood) varies considerably between species.The texture and density
of a particular type of wood depend on the size; shape and arrangement of its constituent
cells73. Wood is composed of a matrlx of cells (Fig. 2.6), some arranged parallel to the long

))-* ‘fl) -2
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axis (fibres, vessels and chains of axial parenchyma cells), and others (ray parenchyma cells)
forming the wood rays that extend radially from the vascular cambium towards the pith.
In some woods the vessels are solitary when viewed in transverse section (Figs 2.6, 2.10),
but in other woods they are arranged in clusters or radial chains (Fig. 2.9)./Axial parenchyma
( “cells may be mdependent of the vessels (apotracheal) or associated with them (paratracheal),
| and sometimes occur in regular tangential bands. The relative abundance of axial \;
| parenchyma varies in different species, from sparse (or even completely absent) to rare cases
. such as Ochroma pyramidale ,in which axial parenchyma cells are often more abundant than
ﬁbres making this type of wood soft and easy to carve.
—Rays are termed uniseriate if they are one cell wide tangentially, and multiseriate if
they are more than one cell wide, viewed in TS and TLS. Sometimes both uniseriate and

. multiseriate rays occur in the same wood, as in Quercus. Ray cells vary in shape (best
1\$* viewed in RLS); homocellular rays are composed of cells of similar shapes, whereas in

o

heterocellular rays the cells are of different shapes. Other aspects of variation in the structure
of hardwoods include the presence of either axial or radial secretory canals in some woods
(Fig. 2.10), the storied (stratified) appearance of various elements, particularly rays, or the 7>«
fine structure of the vessel walls (mtervascular pitting, perforation plates and wall
thickenings: chapter 1.7.1)/For example, in Tilia cordata (Fig. 2.8), the vessel element walls
are helically thickened, and in many Fabaceae the pit apertures are surrounded by numerous
| warty protuberances, termed vesturing19,/Perforated ray cells, an unusual feature of some i
vessel elements, with perforation plates corresponding to those of the adjacent vessel
elements. However, like other ray cells, perforated ray cells are formed from ray initials
rather than from fusiform initials, like vessel elements.In many woody temperate plants
cambial activity is seasonal (usually annual), which results in the formation of growth rings.
The secondary xylem formed in the early part of the season (early wood or spring wood) is

- generally less dense and consists of thinner-walled cells than the xylem formed later in the
growing season (late wood or summer wood). In ring-porous woods the vessels are
considerably larger in early wood than in late wood (F ig. 2.11). In diffuse porous woods the
main distinction between early and late wood is in size and.wall thickness of the fibres (Fig.
2.9). As woody plants age and their trunks increase in glrth the central area becomes non-
functional with respect to water transport or food storage, and the vessels frequently become
blocked by tyloses. Tzloses are formed when adjacent parenchyma cells grow into the
vessels through common pit fields. The central non-functional area of the trunk, the
heartwood, is generally darker than the outer living sapwood.

In some woody angiosperms, pat’ucularly climbing plants (lianas) such as many
Bignoniaceae (Fig. 2.12), secondary growth does not fit the ‘‘normal’’ pattern of xylem and
phloem production, and is termed anomalous secondary growth

"9 \ T~ < C ,)"'
Sapwood is the younger, outer most wood, in the growing tree it is the living wood. It's
principle functions are to conduct water from the roots to the leaves and to store up and glve

back according to the season the reserves prepared in the leaves. DAY FP AN
Heartwood is the older, central, often dark coloured, results from the natural ageing process
of the tree, dead inactive and non- function. P Bl
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Figure 2.7 Betula utilis (Betulaceae). Wood in (A) tangential longitudinal section (TLS) and (B) radial
longitudinal section (RLS). b % bar of scalariform perforation plate, r / ray. Scale % 100 mm.

Secondary Phloem
Secondary phloem is also a product of the vascular cambium in woody species. As in
secondary xylem, secondary phloem consists of both axial and radial systems, formed from
the fusiform and ray initials respectively. Phloem rays are radially continuous with xylem
. rays, and may_.be similarly uniseriate or multiseriate, though in transverse section they often
,rf' appear dllatéé\' towards the cortex as a result of cell divisions to accommodate increase in o o
stem thickness (Fig. 2.11). At their outer periphery, the parenchymatous ray cells are often
difficult to distinguish from cortical cells. Older ray cells sometimes become lignified to
. form sclereids. The axial system of the phloem consists of sieve elements and companion
cells, as in primary phloem (chapter 1.9.2). It also typically includes fibres, sclereids and
axial parenchyma cells. In some species fibres are formed in groups at regular M =
resulting in characteristic tangential bands of fibres alternatlng with groups of sieve elements

i 20

and parenchyma cells. v vV Ve
Primary and Secondary Thickening Meristems

) 4 In monocots, which lack a vascular cambium, increase in stem diameter is typically
relatlvely limited. However, most monocots and a few other thick-stemmed angiosperms,
especially species with short internodes and crowded leaves, possess a primary thickening
meristem (PTM) near the vegetative shoot apex88. The PTM (Fig. 2.13) is situated in the
pericyclic region. It consists of a narrow multiseriate zone of meristematic cells that
produces radial derivatives, usually a hmlted amount of parenchyma towards the outside
(centrlfugally) and both parenchyma and dlsg:[ete vascular bundles towards the inside =~ “#~
(centripetally). In addition to primary stem thickening, the PTM is responsible for o o
formation of linkages between root, stem and leaf vasculature. Also, it frequently retains
meristematic potential further down the stem and is the site of adventitious root production
in some species.The PTM normally ceases activity at a short distance behind the apex, and
subsequent stem thickening is limited. Tree-forming palms possess an extensive PTM that
forms a large sunken apex; considerable further stem thickening occurs by subsequent
division and enlargement of ground parenchyma cells. This is termed dlfﬁlse secondary

S\
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Periderm
Periderm is a protective tissue of corky (suberinized) cells that is produced either as a
response to wounding or in the outer layers of the cortex of a stem or root that has increased
in thickness. The periderm consists of up to three layers: phellogen, phellem and phelloderm.
. The phellogen is a uniseriate meristematic layer of thin-walled cells that produces phellem to (*~ )
the outside, and (in some cases) phelloderm to the inside. The phellem cells constitute the
corky tissue. They are tightly-packed cells that lack contents at maturity. They possess o
deposits of suberin and sometimes lignin in their walls, and form an impervious layer to 2% =7
prevent water loss and protect against injury. Phelloderm cells are non-suberinized and '
parenchymatous, and contribute to the secondary cortex. « ("'
, A periderm commonly occurs in the cortex of secondarily thickened stems, to replace the
}/epidermis, whjch‘fs"ﬂit§ and peels away (Fig. 2.15). The phellogen may originate either
i adjacent to the epidermis (or even within the epidermis) or deeper in the cortex. Sometimes
_ several phellogens form almost simultaneously. The pattern of periderm formation largely
2« dictates the appearance of the bark of a woody plant. For example, the smooth papery bark of -
- \-a'young silver birch tree (Betula pendula) is formed because the periderm initially expands
tangentially with the increase in stem diameter, but later flakes off in thin papery sheets as
&\IJ abscission bands of thin-walled cells are formed. In the trunk of cork oak (Quercus suber), ‘(:
the initial phellogen may continue activity indefinitely, and produces seasonal growth rings.
In the commercial process it is removed after about 20 years to make way for a second, more
vigorous phellogen, which produces the commercial cork.iMany species possess lenticelsin
~the bark (Fig. 2.15); these are areas of loose cells in the periderm, which are often initially
formed beneath stomata in the epidermis, and are thought to be similarly concerned with
gaseous exchange. T o < 1 g%
1

Figure 2.15 Sambucus nigra (Caprifoliaceae). Transverse section of stem surface, showing periderm forming in outer cortical layers. ¢ %
cortex, e % epidermis, le % lenticel, p % periderm, ph }; secondary phloem, pi % pith, vc % vascular cambium, xy % secondary xylem. Scale
% 100 mm.
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Anatomy of root

In vascular plants, the root is the organ of a plant that typically lies below the surface of the soil. Roots can also
be aerial or aerating, that is, growing up above the ground or especially above water. Furthermore, a stem
normally occurring below ground is not exceptional either (see rhizome). Therefore, the root is best defined as
the non-leaf, non-nodes bearing parts of the plant's body. However, important internal structural differences
between stems and roots exist.

The first root that comes from a plant is called the radicle. A root's four major functions are:

1. absorption of water and inorganic nutrients;
2.

3. storage of food and nutrients;

4.

anchoring of the plant body to the ground, and supporting it;

vegetative reproduction and competition with other plants.

In response to the concentration of nutrients, roots also synthesise cytokinin, which acts as a signal as to how
fast the shoots can grow. Roots often function in storage of food and nutrients. The roots of most vascular plant
species enter into symbiosis with certain fungi to form mycorrhizae, and a large range of other organisms
including bacteria also closely associate with roots. [ctation needed]

Large, mature tree roots above the soil

Anatomy

The cross-section of a barley root
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When dissected, the arrangement of the cells in a root is root
hair, epidermis, epiblem, cortex, endodermis, pericycle and, lastly, the vascular tissue in the centre of a root to
transport the water absorbed by the root to other places of the plant,lcaification needed]
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Ranunculus Root Cross Section

Perhaps the most striking characteristic of roots that distinguishes them from other plant organs such as stem-
branches and leaves is that roots have an endogenoust! origin, i.e., they originate and develop from an inner
layer of the mother axis, such as pericycle®. In contrast, stem-branches and leaves are exogenous, i.e., they

start to develop from the cortex, an outer layer.

I n dicot roots, the xylem tissue appears like a 3-pronged or 4-pronged star. The tissue between
the prongs of the star is phloem. The central xylem and phloem is surrounded by an endodermis,

and the entire central structure is called a stele.
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Microscopic view of the root of a buttercup (Ranunculus) showing the central stele
and 4-pronged xylem. The large, water-conducting cells in the xylem are vessels.
[Magnified Approximately 400X.]

I n dicot stems, the xylem tissue s produced on the inside of the cambium layer. Phloem tissue

Is produced on the outside of the cambium. The phloem of some stems also contains thick-
walled, elongate fiber cells which are called bast fibers. Bast fibers in stems of the flax plant
(Linum usitatissimum) are the source of linen textile fibers. Gymnosperms generally do not
have vessels, so the wood is composed essentially of tracheids. The notable exception to this are
members of the gymnosperm division Gnetophyta which do have vessels. This remarkable
division includes Ephedra (Mormon tea), Gnetum, and the amazing Welwitschia of Africa's
Namib Desert.

Pine stems also contain bands of cells called rays and scattered resin ducts. Rays and resin

ducts are also present in flowering plants. In fact, the insidious poison oak allergen called
urushiol is produced inside resin ducts. Wood rays extend outwardly in a stem cross section like
the spokes of a wheel. The rays are composed of thin-walled parenchyma cells which
disintegrate after the wood dries. This is why wood with prominent rays often splits along the
rays. In pines, the spring tracheids are larger than the summer tracheids. Because the summer
tracheids are smaller and more dense, they appear as dark bands in a cross section of a log. Each
concentric band of spring and summer tracheids is called an annual ring. By counting the rings
(dark bands of summer xylem in pine wood), the age of a tree can be determined. Other data,
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such as fire and climatic data, can be determined by the appearance and spacing of the rings.
Some of the oldest bristlecone pines (Pinus longaeva) in the White Mountains of eastern

California have more than 4,000 rings. Annual rings and rays produce the characteristic grain of
the wood, depending on how the boards are cut at the saw mill.

Microscopic view of a 3-year-old pine stem (Pinus) showing resin ducts, rays and
three years of xylem growth (annual rings). [Magnified Approximately 200X.]
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A cross section of loblolly pine wood (Pinus taeda) showing 18 dark bands of
summer xylem (annual rings).

Angiosperms typically have both tracheids and vessels. In ring-porous wood, such as oak and

basswood, the spring vessels are much larger and more porous than the smaller, summer
tracheids. This difference in cell size and density produces the conspicuous, concentric annual
rings in these woods. Because of the density of the wood, angiosperms are considered
hardwoods, while gymnosperms, such as pine and fir, are considered softwoods.

The following illustrations and photos show American basswood (Tilia americana), a typical
ring-porous hardwood of the eastern United States:
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A cross section of the stem of basswood (Tilia americana) showing large pith,
numerous rays, and three distinct annual rings. [Magnified Approximately 75X.]
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A cross section of the stem of basswood (Tilia americana) showing pith, numerous
rays, and three distinct annual rings. The large spring xylem cells are vessels.
[Magnified Approximately 200X.]

Plant stem

A stem is one of two main structural axes of a vascular plant, the other being the root. The stem is
normally divided into nodes and internodes:

e The nodes hold one or more leaves, as well as buds which can grow into branches
(with leaves, conifer cones, or inflorescences (flowers)). Adventitious roots may also be
produced from the nodes.

e The internodes distance one node from another.

The term "shoots" is often confused with "stems"; "shoots" generally refers to new fresh plant
growth including both stems and other structures like leaves or flowers. In most plants stems are
located above the soil surface but some plants have underground stems.

Stems have four main functions which are:

e Support for and the elevation of leaves, flowers and fruits. The stems keep the leaves in the
light and provide a place for the plant to keep its flowers and fruits.

o Transport of fluids between the roots and the shoots in the xylem and phloem(see below)

e Storage of nutrients

Production of new living tissue. The normal lifespan of plant cells is one to three years. Stems

have cells called meristems that annually generate new living tissue.

Stem showing internode and nodes plus leaf petioles

Stems have two pipe-like tissues called xylem and phloem. The xylem tissue transports water by
the action of transpiration pull, capillary action and root pressure. The phloem tissue consists of
sieve tubes and their companion cells. The two tissues are separated by cambium which is a
tissue that divides to form xylem or phloem cells.
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Stem structure

Flax stem cross-section, showing locations of underlying tissues. Ep = epidermis; C = cortex; BF = bast fibres; P = phloem;

X = xylem; Pi = pith

Stem usually consist of three tissues, dermal tissue, ground tissue and vascular tissue. The
dermal tissue covers the outer surface of the stem and usually functions to waterproof, protect and
control gas exchange. The ground tissue usually consists mainly of parenchyma cells and fills in
around the vascular tissue. It sometimes functions in photosynthesis. Vascular tissue provides
long distance transport and structural support. Most or all ground tissue may be lost in woody
stems. The dermal tissue of aquatic plants stems may lack the waterproofing found in aerial
stems. The arrangement of the vascular tissues varies widely among plant species.

Dicot stems

Dicot stems with primary growth have pith in the center, with vascular bundles forming a distinct
ring visible when the stem is viewed in cross section. The outside of the stem is covered with an
epidermis, which is covered by a waterproof cuticle. The epidermis also may contain stomata for
gas exchange and multicellular stem hairs called trichomes. A cortex consisting

of hypodermis (collenchyma cells) and endodermis (starch containing cells) is present above
the pericycle and vascular bundles.

Woody dicots and many nonwoody dicots have secondary growth originating from their lateral or
secondary meristems: the vascular cambium and the cork cambium or phellogen. The vascular
cambium forms between the xylem and phloem in the vascular bundles and connects to form a
continuous cylinder. The vascular cambium cells divide to produce secondary xylem to the inside
and secondary phloem to the outside. As the stem increases in diameter due to production of
secondary xylem and secondary phloem, the cortex and epidermis are eventually destroyed.
Before the cortex is destroyed, a cork cambium develops there. The cork cambium divides to
produce waterproof cork cells externally and sometimes phelloderm cells internally. Those three
tissues form the periderm, which replaces the epidermis in function. Areas of loosely packed cells
in the periderm that function in gas exchange are called lenticels.

Secondary xylem is commercially important as wood. The seasonal variation in growth from

the vascular cambium is what creates yearly tree rings in temperate climates. Tree rings are the
basis of dendrochronology, which dates wooden objects and associated

artifacts. Dendroclimatology is the use of tree rings as a record of past climates. The aerial stem of
an adult tree is called a trunk. The dead, usually darker inner wood of a large diameter trunk is
termed the heartwood and is the result of tylosis. The outer, living wood is termed the sapwood.
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Monocot stems

Vascular bundles are present throughout the monocot stem, although concentrated towards the
outside. This differs from the dicot stem that has a ring of vascular bundles and often none in the
center. The shoot apex in monocot stems is more elongated. Leaf sheathes grow up around it,
protecting it. This is true to some extent of almost all monocots. Monocots rarely

produce secondary growth and are therefore seldom woody, with Palms and Bamboo being
notable exceptions. However, many monocot stems increase in diameter via anomalous
secondary growth.

Gymnosperm stems

All gymnosperms are woody plants. Their stems are similar in structure to woody dicots except
that most gymnosperms produce only tracheids in their xylem, not the vessels found in dicots.
Gymnosperm wood also often contains resin ducts. Woody dicots are called hardwoods,

e.g. oak, maple and walnut. In contrast, softwoods are gymnosperms, such as pine, spruce and fir.

The trunk of this redwood tree is its stem.
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Sclerenchyma is the tissue which makes the plant hard and stiff. Sclerenchyma is the supporting tissue in plants.
Sclerenchyma cells occur in many different shapes and sizes, but two main types occur: fibres and sclereids.

Their cell walls consist of cellulose, hemicellulose, and lignin. Sclerenchyma cells are the principal supporting cells in
plant tissues that have ceased elongation. Sclerenchyma fibers are of great economic importance, since they
constitute the source material for many fabrics (e.g. [flax] hemp, jute, and ramie).

Unlike the collenchyma, mature sclerenchyma is composed of dead cells with extremely thick cell walls (secondary
walls) that make up to 90% of the whole cell volume. The term sclerenchyma is derived from the Greek okAnpog
(skléros), meaning "hard." It is the hard, thick walls that make sclerenchyma cells important strengthening and
supporting elements in plant parts that have ceased elongation. The difference between fibers and sclereids is not
always clear: transitions do exist, sometimes even within the same plant

Fibers or bast are generally long, slender, so-called prosenchymatous cells, usually occurring in strands or bundles.
Such bundles or the totality of a stem's bundles are colloquially called fibers. Their high load-bearing capacity and
the ease with which they can be processed has since antiquity made them the source material for a number of
things, like ropes, fabrics and mattresses. The fibers of flax (Linum usitatissimum) have been known

in Europe and Egypt for more than 3,000 years, those of hemp (Cannabis sativa) in China for just as long. These
fibers, and those of jute (Corchorus capsularis) and ramie (Boehmeria nivea, a nettle), are extremely soft and elastic
and are especially well suited for the processing to textiles. Their principal cell wall material is cellulose.

Contrasting are hard fibers that are mostly found in monocots. Typical examples are the fiber of

many grasses, agaves (sisal: Agave sisalana), lilies (Yucca or Phormium tenax), Musa textilis and others. Their cell
walls contain, besides cellulose, a high proportion of lignin. The load-bearing capacity of Phormium tenax is as high
as 20-25 kg/mm?, the same as that of good steel wire (25 kg/ mm?), but the fibre tears as soon as too great a strain
is placed upon it, while the wire distorts and does not tear before a strain of 80 kg/mm?2. The thickening of a cell wall
has been studied in Linum Starting at the centre of the fiber, the thickening layers of the secondary wall are
deposited one after the other. Growth at both tips of the cell leads to simultaneous elongation. During development
the layers of secondary material seem like tubes, of which the outer one is always longer and older than the next.
After completion of growth, the missing parts are supplemented, so that the wall is evenly thickened up to the tips
of the fibers.

Fibers usually originate from meristematic tissues. Cambium and procambium are their main centers of
production. They are usually associated with the xylem and phloem of the vascular bundles. The fibers of the xylem
are always lignified, while those of the phloem are cellulosic. Reliable evidence for the fibre cells' evolutionary origin
from tracheids exists. During evolution the strength of the tracheid cell walls was enhanced, the ability to conduct
water was lost and the size of the pits was reduced. Fibers that do not belong to the xylem are bast (outside the ring
of cambium) and such fibers that are arranged in characteristic patterns at different sites of the shoot. The term
"sclerenchyma" (originally Sclerenchyma) was introduced by Mettenius in 1865.

Sclereids
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Long, tapered sclereids supporting a leaf edge in Dionysia kossinskyi

Sclereids are the reduced form of sclerenchyma cells with highly thickened, lignified walls.

They are small bundles of sclerenchyma tissue in plants that form durable layers, such as the cores of apples and the
gritty texture of pears (Pyrus communis). Sclereids are variable in shape. The cells can be isodiametric,
prosenchymatic, forked or elaborately branched. They can be grouped into bundles, can form complete tubes
located at the periphery or can occur as single cells or small groups of cells within parenchyma tissues. But compared
with most fibres, sclereids are relatively short. Characteristic examples are brachysclereids or the stone cells (called
stone cells because of their hardness) of pears and quinces (Cydonia oblonga) and those of the shoot of the wax
plant (Hoya carnosa). The cell walls fill nearly all the cell's volume. A layering of the walls and the existence of
branched pits is clearly visible. Branched pits such as these are called ramiform pits. The shell of many seeds like
those of nts as well as the stones of drupes like cherries and plums are made up from sclereids.

These structures are used to protect other cells.

CHARACTERISTICS: The cells are long, narrow thick walled due to deposition of lignin. Such cell walls are called as
lignified walls and have pits. These cells lack intercellular spaces due to deposition of lignin. The cells do not have a
nucleus and cytoplasm and are dead.

FUNCTIONS: These cells provide rigidity and strength to plants and makes it hard and can bear stress and strains.

LOCATION: This type of cells are found in stems,around vascular bundles,in the veins of leaves.
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