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Plant anatomy

Plant anatomy: is the general term for the study of the
internal structure of plants body. While originally it included plant morphology,
which is the description of the physical form and external structure of plants,
since the 20th century the investigations of plant anatomy are considered a
separate distinct field and plant anatomy refers to justthe internal plant
structures. Plant anatomy is now frequently investigated at the cellular level, and
often involves the sectioning of tissues and microscopy.

Plant body: the plant body consists of number of organs e.g. root, stem, leaf,
flower and fruit.

Development of the plant body:

A vascular plant begins its existence as morphologically simple unicellular
zygote (2n). The zygote develops into the embryo and then into the mature

sporophyte.
*The development of the sporophyte to mature plant involves:

I- Cell division

2- Cell enlargement
3- Cell specialization
4- Cell differentiation

Cell division Cell division

Pollen grains+ ege= zygote Proembryo Embryo

Cell enlargement and Cell enlargement and
differentiation differentiation

Sporophyte (2n) mature plants | +— Seedling
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Plant cells: Cells represent the smallest structural and functional units of
organism. Living organisms consist of single cells (unicellular) or complexes of
cells (multicellular).

The concept that the cell is the basic unit of biological structure and function is
based on the cell theory, which was formulated in the first half of the nineteenth
century by Mathias Schleiden and Theodor Schwann, in 1838, Schleiden
concluded that all plant tissues are composed of cells, a year later, Schwann
(1839) extended Schleiden’s observation to animal tissues and proposed a
cellular basis for all organism.

The Plant cells composed from two main parts:

1. Cell wall
2. Protoplast.

Protoplast

Protoplast: It is all the contents of the material inside the cell wall, the
protoplast includes:

A. Living components includes:

1. Cytoplasm

Cell Membranes

Nucleus

Plastids

Endoplasmic Reticulum

Dictyosomes (Golgi body)

Mitochondria
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8. Ribosomes

. Non living components includes:
Vacuoles
Crystals
Starch grains
Aleurone grains

. Oil droplets
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Cell wall

A cell wall is a structural layer that surrounds of plant cells, it can be tough,
flexible, and sometimes rigid and it provides cells with both structural support
and protection also acts as a filtering mechanism.

Cell walls are present in all plants, fungi and prokaryotic cells except the Motile
spores in fungi and algae, Gametes and Coenocytes (is a multinucleated cell
which can result from multiple nuclear divisions without their accompanying
cytokinesis).

Cytokinesis: 1s that part of thecell division process during which
the cytoplasm of a single eukaryotic cell divides into two daughter cells.

Characters of cell wall:

1. Plasticity: It mean keep the form or size when exposed to an effective lead to change.
These clearly show in the plant in some stages of growth when the cells reach a certain
size and form.

2. Elasticity: It is the ability to back in the same shape or the original size after removal
of the external stimulation in the cell walls that are exposed to fullness pressure.

3. Tensile strength: this refers to the mechanical elements walls of strong fiber that exist
outside the xylem in monocots and dicot plant.
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Some of compound in the cell wall:
*Primary pit field and pits:

Primary pit field: this appear in the primary cell wall when enlarged as a result
of growth of the protoplast and increase in size and increase in thickness of the
wall, this structure look like a rosary in shape. These fields are characterized by
Plasmodesmata.

Pits: are parts of secondary cell walls which allow the exchange of fluids.

Types of Pits: There are following types of pits:

1. Simple pits:

The diameter of the pit cavity remains uniform in a simple pit. Pit cavity
trends in the lumen of the cell. Therefore, the pits of the two sides of the
common wall form a simple pit.

The simple pits include from:
a. Pit membrane.
b. Pit cavity.

c. Pit aperture.

2. Bordered pits:

In this case, secondary cell wall border over the cavity of the pits. Thus the
pit opening become narrow than the pit diameter. Bordered pits of the
opposite cells form bordered pit pair. The cavity in the thick secondary wall
is called pit chamber. The bordered pit opens in the cell lumen by pit

11



aperture. The pit aperture is circular and much narrower than the diameter of
pit chamber. In certain cases, the pit apertures are lenticular or linear. The pit
membrane of bordered pit develops an oval thickening in the middle. It is
called torus. Pit membrane is flexible.

The bordered pits include from:
a. Pit aperture.

b. Pit membrane: It consists from middle lamella and part of the primary cell
wall and the membrane may not remain thin, but thick in the middle to
contain Torus. The Torus consists of primary walls materials and the
Taurus is characteristic of the following plants: (Coniferals, Gmetales and
Ginkgoales).

c. Pit chamber.
d. Border.

*When the liquid in cell put pressure on torus membrane, pit membrane
pushes the torus, thus the torus closes the bordered pit, in this case the pit

known as aspirated pits.

Bordered pits are more complex than simple pits. These are found in the
vessels, tracheids and fibers of xylem.
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3. Ramiform or Branched pits:

This pits appears when the primary cell wall thickness and increases in this
case the pits becomes deep and takes the shape of the channels connecting
between the cell cavity and its surface. These channels are often as complex
like as in the stone cells of the Brachysclereids or Stone cells in the Pyrus

fruits.
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Pits coupling:
1. Simple pit pair: coupling two simple pits together.
2. Bordered pit pair: coupling two bordered pits together.

3. Half or semi Bordered pit pair: In some cases, bordered pit has a coupling
with simple pit.

4. Blind pits: Some pits do not coupling with any other pits, such pits are called
blind pits.

5. Compound pits: Sometimes, there is one pit on side but there are two or more
coupling pits on opposite side, such pits are called compound pits.
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Periclinal Division

_.>.

Cambial initial divides into two cells (side-hy-side). Theoretically
one cell stays part of the cambium and the other hecomes either a
xylem mother cell or a phloem mother cell {depending on which
"side" stays part of the cambium).
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Dermal tissue

1.

Epidermis

The term epidermis refer to the external layer of cells on the primary plant
body, including roots, stems, leaves, flowers, fruits and seeds.
An epidermis is considered to be absent on the root cap and not differentiated
on the apical meristems.
To distinguish between the epidermis of stem and root can say rhizodermis,
or epiblem on the root epidermis

Most important functions of epidermis:

1.

Protection: It includes the prevention of mechanical damage suffered by
the plants in the external environment by wind and rain or sand or others
and protection against insects, in addition to keeping the internal tissues of
plants from losing excessive water.

Exchange of gases between the internal tissues and external environment
of the plant by photosynthesis process in addition organized of the water
out to steam by transpiration process.

. Absorption: Where they are through the epidermis and the water

absorption of dissolved salts in the soil or water surrounding the cells in
which it resides roots and root hairs play a key role in this regard.

Aquatic plants, shade plants and pteridophyta contain the chloroplast
enable them to do the photosynthesis process.

Epidermis cells are contain nucleus they keep it as potentially
meristematic therefore in many cases, contribute to the formation of
secondary meristem as in the Nerium oleander plant and others also
epidermis cells suffer the loss of differentiation process and turn into
meristem cells like as cork cambium.

Epidermal cell Type:

1. Ordinary epidermal cells are variable in shape, but typically they are

tabular to isodiametric, having little depth such as the palisade cell and
epidermal cells of many seeds, are much deeper than they are wide. In
elongated plant parts, such as stems, petioles, vein ribs of leaves and
leaves of most monocots, the epidermal cells are elongated parallel with
the long axis of the plant part. In many leaves, petals, ovaries, and ovules,
the epidermal cells have wavy vertical (anticlinal) walls so it absent the
chloroplast except the aquatic plants, shade plants and pteridophyta and
absent the intercellular space and the outer walls covered by the cuticle.
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2. Guard Cells: The guard cells of dicots are generally crescent-shaped with
blunt ends (kidney-shaped) in surface view and have ledges of wall
material on the outer or both the outer and inner sides. Stomata with two
guard cells and contain between it stomata aperture. Each guard cell has a
prominent nucleus, numerous mitochondria, and poorly developed
chloroplasts.

In terms of structure it can distinguish three types of stomata complex:

a. Monocot Dicot type: the shape of guard cells was kidney shaped in
surface view.

b. Gramineae Cyperaceae type: the shape of guard cells was dumb bell
shaped.

c. Gymnosperm type: the shape of guard cells was Sunken type.
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Also on the contact the guard cell with the subsidiary cell can distinguish
five types of stomata complex:
a. Anomocytic type as Vicia faba.
b. Anisocytic type as Raphanus.
Paracytic type as Ricinus communis.
Diacytic type as Dianthus.
Actinocytic type as Rosa.

o a0

3. Epidermal hair or Trichomes:

a. Unicellular as Capsella.
Multicellular Uniseriate as Cucurbita.
Multicellular Multiseriate as Begonia.

SIS
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Glandular hairs as Verbascum.
Peltate hairs as Olea.

Stinging hairs as Urtica.
Branched as Verbascum

IRV

4. Subsidiary cell: These cells surrounded by the stomata complex and
differ in numbers from type to type. These cells plays an important role
during opening and closing of stomata

5. Bulliform cell ( Motor cells ):

Are large, bubble-shaped epidermal cells that occur in groups on the
upper surface of the leaves of many monocots. These cells are present on
the adaxial or the upper surface of the leaf. They are generally present
near the mid vein. These cells are large, empty and colorless. The
mechanism of working of bulliform cells can be explained as:

40



a. When the water supply is sufficient to the plant, the bulliform cells absorb
water and they become turgid, when they are turgid, the leaf straightening
and permit the loss of the water.

b. Whereas on the other hand, at the time of insufficient water supply, these
cells lose water and become flaccid due to the loss of water, when they
are flaccid during the water stress, they make the leaf wrap inwards to
exposed less water loss. Hence, the bulliform cells minimize the water
loss during the unfavorable or stress conditions.

c. They are thought to play a role in the unfolding of developing leaves and
in the rolling and unrolling of mature leaves in response to alternating wet
and dry periods.

6. Lithocytes: specialized cells of the epidermis cells are characterized by
its size and capacity to contain the type of crystals called crystal
outstanding Cystolith cells.
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7. Cork cells and Silica cells:

Silica (S102-#H20) is deposited in large quantities in the shoot system of
grasses, and called silica cells because, when they are fully developed,
their Lumina are filled with isotropic bodies of silica.

The cork cells have suberized walls and often contain solid organic
material.

Apart from the frequency and distribution of the short cells, the shapes, or
forms, of the silica bodies in the silica cells are very important for
diagnostic and taxonomic purposes.

8. Epidermal fiber and Myrosin cells.
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Fundamental or Ground Tissues: this tissue includes

1.

Parenchyma tissue:

The term parenchyma refers to a tissue composed of living cells variable in
their morphology and physiology, but generally having thin walls and a
polyhedral shape.

Parenchyma Cells Vary Greatly in Shape and Arrangement
Parenchyma cells are commonly described as having

1.

A &

Polyhedral shape and isodiametric: that is, as having many ( sides14-
sided figure is a polyhedron with 8 hexagonal and 6 quadrilateral) or they
vary in shape even in the same plant. Typically the ground tissue
parenchyma consists of cells that are not much longer than wide and may
be nearly, this type found in the pith.

Columnar shape: this type are elongated like as the palisade tissue
Lobed shape: like as spongy tissue.

Stellate shape: like as Canna indica plant

Folded shape: like as Pinus
Prosenchyma shape: like as stems of Bougainvillea (Nyctaginaceae).
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Polyhedral shape and isodiametric

Columnar shape

Lobed shape

Stellate shape
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Folded shape

Prosenchyma shape
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Parenchyma tissue can be divided depending on the shape of the cells
and the function performed by:

1. Ordinary Parenchyma

2. Chlorenchyma and mesophyll tissue

3. Storage parenchyma

4. Aerenchyma
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Collenchyma tissue: Collenchyma is a living tissue composed of more or less
elongated cells with thickened primary walls. It is a simple tissue, for it consists
of a single cell type.

Origin:

The derivatives of apical meristems are differentiated into protoderm,
procambium and ground meristem.

Cortical collenchyma and procambium originate from a common meristem.

Function:
1. Gives support to the growing organs.
2. Gives tensile strength to the growing organs during their development.
3. Protects the vascular bundles of leaves by forming cap or bundle sheath
like structures.
4. If chloroplasts are present then it may perform little photosynthetic
function also.
Structure:
1. Cell shape: the cell is considerably elongated with oblique, slightly
rounded or tapering ends.
The short collenchyma cells are prismatic like many parenchyma cells,
they are usually polygonal in cross section.
2. Cell wall: the most distinctive feature of collenchyma cells is the nature
of cell walls which are unevenly thickened.
They are four type of collenchyma have been recognized on the basis of
manner or deposition of primary cell wall materials i.e. cellulose
impregnated with pectin.

o Angular collenchyma (thickened at intercellular contact points) e.g.
Cucurbita stem.

o Lamellar collenchyma (cells arranged into ordered rows and thickened at
the tangential face of the cell wall) e.g. Helianthus annuus and (elder)
Sambucas stem

o Annular collenchyma (uniformly thickened cell walls) e.g. Peperomia sp.

o Lacunar collenchyma (collenchyma with intercellular spaces) e.g. Lactuca
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Schematic drawings of the most common types of collenchyma. A. Angular
collenchyma. B. Tangential collenchyma. C. Annular collenchyma. D. Lacunar
collenchyma. This type often occurs as an intermediate type with angular and
lamellar collenchyma, in which the size of the intercellular spaces can vary from
minute spaces (1) to large cavities surrounded by collenchymatous walls (2).

Location:
Collenchyma is found chiefly in the cortex of stems and in leaves. For many

herbaceous plants it is the chief supporting tissue, especially during early stages
of development.

In plants in which secondary growth occurs, the collenchyma tissue is only
temporarily functional and becomes crushed as woody tissue develops.
Collenchyma is located along the periphery of stems beneath the epidermal
tissue.

It may form a complete cylinder or occur as discrete strands that constitute the
ridges
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It may form in angles of stems and other supporting structures of the plant.

It 1s associated with vascular tissue in the petioles of the leaves and blade

Characters:

1. A live cell after maturity kept the nucleus and the cytoplasm after
maturity.
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Surrounded by the walls of irregularly thickness and contain a high
percentage of pectin.

Lack of intercellular space and if found shall be very small

Be more taller and thinner than paranchyma cells

There are in all aerial parts

Exercise phenomenon of dedifferentiation so they participate in the
formation of secondary meristem.

Sclerenchyma tissue: The term sclerenchyma refers to a tissue composed of
cells with secondary walls, often lignified, whose principal function is
mechanical or support.

Origin:

3. Primary origin as Procambium if it is within the vascular tissues
like as fibers in the xylem and phloem.

4. Transform adult cells as undifferentiated parenchyma cells partially
differentiated into more specialized cells like as sclerenchyma cells
by add lignin into the walls of parenchyma cells and thickening the
walls and then the cell dies. This process is called Redifferentiation
like as Sclereids.

Characters:

1.

Permanently tissue the cells dying when maturity then which is the cell
composed from cell wall surrounded by a cell lumen and free of
protoplast therefore loss of dedifferentiation property.

2. Cells are characterized by existence the secondary wall with lignin.
3. The function is supporting the cells.

4.

5. The walls are thickness and elasticity.

There is in the aerobic parts and parts under the soil.

Sclerenchyma cells are usually divided into two categories:

1.
2.

Fibers.
Sclereids.

Fibers: they are mechanical elements of the older members, its described as
long cells not branched earns some parts strength and durability also its walls
characterized by elasticity and plasticity making it able to recover its shape.

50



Characters:

. Long cells and not branched.
. In the cross section the fibers appear polygonal pentagonal or hexagonal

in the form.

. The shape tends to rotate when the walls are very thick.

Have simple pits.

Fibers are divided about presence in the regions to:

1.

Xylem Fibers: includes:
e Fiber tracheid.

e libriform Fiber.

e Gelatinous Fiber.

Extraxylary Fiber: includes:
Phloem Fiber.

Pericycle Fiber.

Cortical Fiber.
Hypodermal Fiber.
Perivascular Fiber.
Bundle cup Fiber.

Bundle sheath Fiber.

4+ The bark fibers are conceder the main source of commercial fiber and

isolate what the surrounding tissue by retting way.

Good specifications Industrial Fibers is:

1.
2.
3.
4.

Increase the length of the fiber.
Possess the strength of high tension.
Irregular thickness.

Thinnest and flexible.

Classified the industrial fiber to:

1.

2.

3.

Surface or short Fiber: e.g. cotton fibers (its epidermis hairs on the seed
of cotton).

Soft Fiber: includes Phloem Fiber, Pericycle Fiber and Cortex Fiber ((this
fibers conceder very important industrial fibers e.g. Flax (Linum), hemp
(Cannabis sativa ) and jute (Corchorus ).

Hard Fiber: e.g. manila hemp this fibers mixed between fibers and some
other tissues and this type of fibers used in the industry of rough ropes.
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Sclereids: are forms ofsclerenchyma cells with highly thickened,
lignified secondary cell walls and have simple pits, presence in seed
of apples and in the gritty texture of pears.

They can be grouped into:

1.

Stone cell or Brachy Sclereids: (called stone cells because of their
hardness) of pears (Pyrus communis) and quinces (Cydonia oblonga), it 1s
similar to parenchyma cell but different from it on the thick lignification
secondary walls also its equal-dimensional in shape and existence
Ramiform pit.

Macrosclereids or Bacillary sclereids: its cylinder in shape e.g. the cells
information the seed coat in Phaseolus Vulgaris and Pisum sativum.

Bone shaped or Osteosclereids: it’s like as bacillary sclereids but the
ends very wide look like the bone shape e.g. the sclereids in the layer
under the epidermis in the seed of Phaseolus and Pisum and in the fruit of
date.

Trichosclereids or Filiforms: thin cell and branched look like the Y or L
in form e.g. mesophyll of Olea europeae leaves.

Astrosclereids or star shaped: branched cell e.g. cell in the leaves
petioles and leaves of Nympheae.

52



Jedi s Conducting ( Vascular) 484 daudy)

Xylem -a
Phloem -b

bl e i) Caiat dile gl aall 8 Lae a5 8dine daasil slalll g CuBAN) g yiiny
dfey ¥ Uiy Vascular plant Afley; bl A Adle N agall s
.Non Vascular plant

Xylem i)

s ) 4iidh g ) ALca) ) (e Taaal) itaal) 2 3UeY) 5 oLl Ji Ganasi ) A 5 Sina s
i ) Jpaty il Lk s 50 5 yah il Sl ) e S RN L Y
abhwu\.ﬂ‘}[&%&\s’y )a\_\s: JP}LA\ 2&1.;.4‘\ a.\.c.ﬁ

=33 Vessels 4esls Tracheid Slwad (o )il laza aliea (8 cadidll s oS
ey WA 5 Fibers <LY) (e @S oS ji 9 Conducting elements 48U jalial)
B ol) ABUIN jpaliall juiat g Gilinald (o S yid 0l &b jle 8 L Parenchyma tissue

AaasSs bl Caldy) b ddls)

Tracheid <lsadl) 1

Gl g A 2Ll 30 Jish paie a5 Pits L& e sila 5508 Hlaa QWA Lag
b B3snsall Sl Bk e 5 Al ) Al (e Led Al ) sally elad) W) S X
Annular @lﬂ\ LEAK dbide 3 ) par Gluadll o) jaa Llet dgin dlalall o) jasll
iy Pitted sl ISy Scalariform <l s Reticular S35 Spiral &3l

A gl bl a5 s il le il 8 gl B peainll il

Vessels qdll 4 5l 2

Jie ganll lgaany ae dlate LIAD (e dlidis e (5580 LIIAT) daate Ly gl LS 55 ele o) Jiag
leany ae cle sl Glaa g dasi i Vessel element sle o) 3aa 5 lale (3lhy 408 S Leles
sl el A 5 sar 20l Perforated 4die o585 Gl Al o) paall Gy e
238 JOA (e a5l sle 5l paa 3 jlanll yai <Perforation Plates 4adiall mildially culilgdll
Ol (A smsdl all Gk o ge Al I osles e JEE Lain 4 8
i e 4y (5588 Laxie Simple perforation plate ddawe i s i) miliall Caa g
a5kl JISEY ey aaly @l (e S L 2 g Lexie Compound 4 e sl
. Foraminate 4 32 5l Reticulate 4Sui 5l Scalariform 4sels ) Caiai Lgils LguS 53
LN g Lee CanBlgig pall ot Gl 331 Jady ele sl ¢ pdn 3558 JAA 8l o S
iy sl s lgle Caay ol A laall (e @l sall (& el dsgdiall g SV lasd)
o e DU sy S8 ALl Il 5 ) e Lol ) slake L) § Suan Abaa sle )

53



Gnetales <Oall 45 ) A LS sall Gl jle e 4811 adlaall (any ¢lld e Ay Leada

AL sl el sl Clany (ge Ay skl Al (e Ly 81 Alla Jiay gl sl _yual

A el Al daiall (e Ly SES) Alla i Aapll 4 milial)
ol (Suille aludl g gl agly 5 e gl o) Y1 ES) o gl QIS (e agll ¢ g3l
Ay A cadal) b ABLY peabiell () jas claws 8 Juluil) g5 (851 o all Lalxil) jiay

Pteridium a s 5 S b

c«LG)l\ -1
il

(sl Al

4o gV g Slanall) Gy & e

Vesseles

Tracheid

Gllay LA daxtia @}J—ﬂ S Jiad -1
Ao y3an s Ada IS e
ol gl i priaal) Al () jaall () S5 -2
R JBea; 1 5 A ole
8 Aiall milaall e ol gall Jlan) &5 -3
sle sy O A OIS e 5 aal sl sle
Al
sl slaze & Jail) jealie Jia -4
ol Sl e B an Y

Glaadll o L) H) yriad -]

CI . J

|

Baob 0o AT ) Apnal (e ) sall Jul o

54

5 suse Al 13 e A4 Aypead IS Jiad -]

il wilial) e 5 gaiY 2
-3
e ALealdl) o jaal) b 53 sa sall il

A A sl JBU jaiall dpuadl) Jia
Aakal gl bl 5 el il e
4o VI e L) Bl el -5

4



Xylem parenchyma &al) Lai 3

Clilual Jill Lyl Lguamy o 5855 (A0 o Al Lgiih y sl oy 45 yiie danS p LA
AEL DU 3l Al LAY 8 &5 33l o) gl sl (Al s e bl olaiVL dald 5 jyuad

D gall ¢ LS ) gl (e clld e o) gyl gl Ll duaSi sl LA o 3ias 8 sl
) Lai 8 48 ) il gisall (e el &) 5L 5 tanniferous compound e Ll

& 0SS (o Ul uliall 8 Lgia Al ui;l\@)s}\mz\_\m&ﬂ\b)&\ Jea g sy
sLaa wbémabwﬁ_\;\}mgﬁy\ﬂ\uﬁd\

Axial or vertical system (s2.5e2ll) 5 snall -1
Radial or horizontal system (s8%/) eleill sUaill -2

Secondary xylem (s sl cuial)
_paliall (e Gaallas e Ll S 5y

Vertical or Axial system s 5l g2sae olai ]
Afle 5 yalic (oo palic ()5S (Sl ganll o)l ) saall Glilaay 5 jualic Siaiy
Led A sall dpanSa Sl LA 5 GldY) ) AdlaYl dae ) 5 Clinal oo

Horizontal or Radial system (s k8 5 &) alai 2
Ciall Al (e opualic (sSTy seaa) ML jalic ae adaic o palic i
LU jaalic HUaill da & o G a8y L WA e Lulad (S5 il Xylem Ray
. Ray tracheid e 4ue il Sluwasll aa &5 Eus Conifers <l siall 8 LS

§ Sl aAl) Layi

Axial el LaSipll L das¥) e (e (pe i o BB QAN LSS aaals
Jsal (e Al LaSi ) it s Ray parenchyma dueledll LSyl 5 parenchyma
8mald 3ale 8 Al deladll Jpa¥) o Ao ledll LSl i s (A A Jre 4pe spaS
Adiay Al LSSy o 81| Lgie Coaalsl (Nl JsaWIS Ay gla () K5 08 4 ) gaall LasSi ) 5 L

Celld e o)y ol g dneLall o) gall 5 o saall o LESIS o) gall (2amy o 30 dale

Metaxylem Al quddl) Protoxylem s s¥) )
Al iy IV o sl s iy | ) 3l 8 V) e saalSI e b el ol
il pumanll s JLST e Y1 Al o Y MG AA b L el L JI Y
WV R S N <L) e g Y
ol g il e Bl ABL o palic el | il Ll Ld s ABLN o alie )
Lﬁﬂ\eﬁé.yﬂ\}gdud\} M\BJE\),_\SS?}GEYH\@})M\}
L ga g oS il Al Undiag 3ale Sy 2001 AS) ga (A JsS 6 palic jany

Jshl 3yl Jaill aigla 5l

55



Secondary Xylem

Primary Xylem

@ sUl saill 3538 A e ) o saalSI) o Lay

35 JJA Procambium (sY) sl (e Liy
S el

a_;\._JA ‘;L L..S‘Sj&‘ _ . S‘ L.; ".. ”S .‘):\S‘ QM\ ). e
Xylem dgidall 4l lgle (Gl g dadaiie el
Ray

gﬁ} g;"-ﬁ-i\l“ udall ‘; e Ll LAY Lt Y
i) lgle e OSN3 b g Al
False Rays 4:3sll

Metaxylem s s ada (o jadi (S ¥

B @i s Proxylem J) cdd A jaas

0 i g At I Al Sl e i LYY
Axial and Radial (e iy sk (aaldal

Adai 8 aa g cCoalg o) 5 LY e glay 8
&}M\JM\D\@S\.}J}\}

Tyloses <bw gLiil)

Y (s iy Y] atal) 8 leail s due 5Y) Jals 8 edai JSAN Aulie alual ge 3 le

WA loas laml e bl 5 ) gl Blaie (B Lol (o 5 i) A le gl ) Ll
S ele gl @lly g1 ) JMA e asail gl sle 5 glae deled Wiy 5 atiall L
GV Jay 85 ) puay ailal vie ol Sla il muay Ladie danla 5 ) seay Cang g | dpuail) Gl
B maa 5l Apnal) i 3 S 5 )Ll ()5S 85| AaanSS all Al ) 5y CanDl i g 50 (g 6 ja 35kl
J<a @lda g il A ALl Resin duct Al ) 81 il ddaaall 403all WAL adiat &
o lsad JA1 Gl LAY alxial o Loagl aud) 13 3l LS Tylosoids <l shall 4us

48 jaial ) ddmaall o) 3aY) YA J oY) uiall de

Annual Ring in Xylem «&dll A 4, giud) clalal)

e e Uadatia bl 6 Y g bl s gk 4dalitiy o gaaall) o gk 5 _jenall daadidl) il
Al (e A gie culila A Aag o oS Aaliad) @l bag L ge 4bli oSy Gua d50)
Leidassl 53 Lo 585 ) ol o) g bl jae o Sy Cusy Annual Rings 4 siall Clilall e (3l
Spring wood (early wood) —awall Jeiuey aujll Joad & ) Siall QiAll palic S5
mige SANSH L8 Sl i) jealie Lol de g B e Lgadine 5 L o aall 388 ) Gan
A AL 4 <8 Ao V) Lal L) 5 ) gy Lealana S8 Summer wood (Late wood) vzl
3 anepall ua ge i) Aala R I yealial) 038 (0 5S5 8 GO (5 5m  al) Aan
b el 5 Y 5 elall Jal bl 36l (e 35 Al 5 Andia pealic 1 gyl 3 Aalal) ala 3
ped o aclud dpdd yualic ) dalal) ol 3 Capall 8 L) syaadl ¢ 5 dll 5 G5V oS

56




358 O Wi & False annual ring 43S &g il ) &5 o Ulal Saay a8 3 Y1 bl
Ui Al 3 ansal) sl il placal die e @l Giay el el Ay sidl il s
e (e dlibal gl A dpdlie o ,hl il

Diffuse and ring porous wood pluall (Aladl g alual) jdiial) cuidll

G sbutia (45S 38 £ il Ly ey Al A8y play i) Cul gd 8 (g N adall IS Ao SV Al
& Diffuse porous wood pluall i Cudd N ceud Laliiie by j5ide a5 L& UaaY)
he o) ot (s gind 13 Ll Gusil€ gl 5 i3l il b aaSly Lo cadall cpe g sl 13 Al
4 5Siall i e Aaal g 5 s i) ane gall Jeione 8 40 sSiall Ao Y1 el Cumy HUaY) diilita
o 3 Al (e 9 Ring porous wood alwall ils ) caiall Jliy diad jalid) asall 3
s ol Sl aall ey shall Ralil e Lo S aloeal) ilal) (u2all ey | Lasb)
e 5¥) sl Non porous wood sl ¥ 4358 Caasy ol il jle uiid of SAL sl

. porous wood Ll 4558 Coia gy sl Blare udd () as (B 4

Xylem Fibers i) Gl

, Slaadll G jaa (e K JS) 5 A5l Ll jaa A0ilSa Leiduls 5 Al mandy 25 yi6e o) o
Ccadal \@q@%f\wwg S g ) s O iy

- Common fiber Lokl

57



- Fiber tracheid dnuaill Ly
- Gelatinous Fibers E T FEN|

paaddll dlle Y aa ¢ LS il uds A YY) w38 (e ol e e SS) aa g Mg
. Libriform fibers

3 shcae i ) L) LS Aol Gl 45 jlae Ul jaa (350 Y oeha J81 Lals Anadll YY) jaai
Ol alad) LYY ) Appuadll LIS AYT AR 4l 8 cadaliie (34 Ak e Gald g g8 o
3l o dpgla Ada IS (sS85 QY1 Al jlaa am LAY (e Al (S8 A i
Glalll e LA Lol jlaa Jid 438 ) duda paiise Ol paan Ll (Al o A geada g 2 3% stk g
3 yaaal) o) dawiall alldy) CJLAA Wy e &).'d\ da Je Gl ool e d4dla g 4 6l
Ltk 5 ) ddlcal (o 5al) ddda g o 5 Leald danial) GBLIDU dal) daplall ey Septate fibers
. H:;Jﬂ\ =y alayl

glall o) oSl e admsy Al & 6N Ll jasy 30a Gelatinous fibers dawidiall <sUIY) Ll
aa¥) 13 LYY a8 iy ) glabuadl Ao il pan 8 1o 35 Ladw Balall ol (e AL CilieS e
G L) il @l g3 il Gianad Jladll Cu3idl) B 83 pm 50 s iDhin edae Cld L)
g 3Ll Ly aati @ e dygla s AY) & oS8 Libriform fibers cdall Gacadil) 4lle
L Aablliia gl Slit — like 48s Aadaull jebal)

Heart and sap wood sa 1) @ddl) 5 caraal) uddll
Aaad ) Bars 3588 Jia () sSiall 38 pally ) gl adial) 28y 5 (g U dad) 0 oS5 g el )5 e
LalS il Baaa 5 588 ol i 1 elld g ¢ 0 sSAN Cpas (5 ) Al aiiha 5 gy g gyl
284y Laiy Ll daaled 4S50S dad 1) oy 52l 38 Halls 2 sall lall Lo el 44 e
Cuaall sl (s 4 Heart wood (saseall il (g 38 jall idll e s Jra sill 8 aiials
Ldiny ¢ 5ill 138 5 Sap wood sl cudiall aiipla g (a5 J ey 4l 5 aaas Lading J) e 53
LA SRl Aol ) dulen il ClS o) g 4illa s prans
1h raaal) Al o kb Al <) il aa) e
e gpal doall jealiall s -]
LSl Bale s y3 dat dlawdls jaliall o) jas dla 3 22
gl o) gall Gamy 5 Apasil 1) o) gall 5 lasal) g gy S Ledalay Aakiae o) gay LAY auliis -3
Al Aagliay dilias 58 sn 3 ed AbaB¥) Aalill (o uZdll dad (e @b Sl
Aagill 53 4 5 prall CLEAY) (1 (e s Jiiall 5 guall LLE JS) adeay 5 il pladll g ol sl
. Tectona grandis zb=ll @33 5 Diospyrus o= su¥) uia 4Ly
Saaid A ddll Ll
= osh -1
4y sy Jadind (LasSil) dadl o jpualic -2
ASilSae s ddua gi il -3

58



s al e A uddl)
1o Legin (ulu¥) (8,81 sl slase (8 0 g sall Sl (e Ll S0 5 LS 55 Jas) 43655 ey

.Gnetales <l 4 ) LWL i lyjle Ade gl 3smgare -]

OS5 Al Il g s saall AT b e gl e g pealial) il Jiai 22
Ll Gliaally Mis e 3L AL gda e ) ddun 3y Gl o) Haad) AShew linad
0o Legin JuaiV) sy sl b le da 8 Giluasll CS) 55 Fiber tracheid
Dl aa 553 85 300 — 50 O sl sl Al i ladae 7l s Adsdiadl) Al 3 sk
Al allalis 0l G jle ey A aa 8 35 Radial wall 4obkdll ol sl e
Y haally gl Aagall L8 el g sl Jiul s o) JSAN A0S A i
. Crassulae 40l Sl sl Lgile (3l

LAY dadlatie dad) Al ode ey duaiy WA o b e dady) oS -3
LAAN dilie dadl cand i Glaly 4S5 5 WA (e (5S35 Homocellular
4yl 43l oo Ray tracheid 4 ledll danadll iy Heterocellular Rays
CuSlsig ol g Wla XSy dpalll 8 48 gadll il 25 0 Ray paranchyma
e Asls 0S8 sl cdall (8 deladll LSl Ll dusle 4500 Ll jas
Sl 5

sl b jle 8 Libriform — fibers g 55 (e <Y 39 g ae -4

Lllasi¥) 44 Hlally oS5y sl b jle uiis 8 Resin duct Al )l <l i@l s -5
=il s saall Gaaldill b 4SSl LA (G Schizogenously

59



Phloem stall)

b elalll o g 3 < duile gl bl b AR o) gl J8 ) il g e s
L5 Companion cells 48 » LAy Sieve tube 4daie il e o) sUaia
Jiied el &b jle 4 Wl Phloem fibers —Wls Phloem parenchyma 4SS
LS 33 yie AR i JS Jid Sieve cell aaie LA aie Yoy aa o8 g daliiall g

. A gdma () sS Ald) i LD

60



Liy ol ey 5V asadlS e Ly i) elad D) Ll Cam (e el st Cliay
s elal e s Sy elalll o8 Sy ssll g WS Jle gl a sl
. Meta phloem b ¢l 5 Proto Phloem

Sieve tube 4diial i) |

G5 ol & o duale Ciua (8 ol LAY e dule e (il s o S5y
il Q¥ Gl lgle Bl il e lpdan s s LSl LA
e Ll (g sSaBale (348 ) Al jlaso Aalaiall G snW) Glas g L3 Sieve tube element
phaa¥l Lgde (Bl 5 pua alual a3l (8 ¢Sy sl e gl sl Bale

sl s 8l 5 e s giag 45 ST A0l (85 Slime bodies 4x3lel!
o L sSe Alaid) zilicall vie draaie Al Gl paaiedl b delel) sald) as
Sieve plats 4liie ziliia 2 sa 5 kil i) 5uadi LS ¢ Slime plug  (oJled) 2lawd)
42555 0 b s L a0 Ll i 0 5 0 Al ildiall el g dia paisal) gl o &
oo & Baley Adalas s W S8 L3l Y1 Plasmodesmata 4 jokl) dayl 5 )l 4pis 3
Al )l b il o2a o x5 il dadiall Jo gl o3 Led (9 530 il A3kl & Calose

. Ol s 6l s 330 gl o ey 53 L3 1 Connecting strands

-2 Aliial) ilheal) g1 5

et Lad 938 it 58l ) 5<5 Ladie Simple sieve plates asadl -1

s (o dlaiie (3hlia & il aeadi by 33820 Compound sieve plates -2
.Sieve area dliiall Glabially (3lalidll

S el ety ) skl Aalill (e L) S) Al Glaal) Aajhiall s -3

salll 4 Jsh adaia slall) & (i i alaia
Sieve cells 4xliiall LAY
OS2 Y 33 580 WA a5 Gnetales @il de sane laele Hodll Gl jle 4 aa i
& Bagagall A ) Lo gdl) Ao g leiany ae Lellall sy Al A5y sl
Alaall LA 5 dplaiall Culi¥) G ka6l il Hlailly 5 Sieve area dlaiall Cilalil)
Al paliall e e

61



Element Sieve

Companion cells 488 I LBAY 2

o L e Blsiy ayShsile o (giad Jud Cdligiy pn Gl daadie 4385 n WA
i) Slas g ae 488 yall LA Jasi 55y sl slake ULAL 3 e Abia & 5 L gl
Ll Dlaie Auewl saay IS O Cua Al gl Liidlg adsall 8 L Uals ) dddasal)
sV Bas g Lgie L i) dpaion pall A0ad) i (e Liiid L) Cum e a) | JS) ) 4380 e
2 8omS AV ola Jaatl AW A1) 8 Periclinal dskaias Sloludi) Jiasid 05
Glabui) 3 yuaall AdAl) Slad M | A8 pel) A 8 3 jura 40N 5 Adaial) 45 50Y) Glas

) Ban ] () e A a5 (5 A Al

& dagima Ll Gua o0l Blara olall B jueal) Ciliall o s 48 jell LIAN sy
C Akl o) Aile Sl clilaall 5 A il e

=0 48] jall LIATL 4l LA aa ¢ (Dl Glda gyl ) Hoddl Gl e (any A W
- ) Jalaslly 4ad) yal) A1 e Calids Albuminous cells Y 3 G sl LA

LAY e Walita Caliad ae V) WA Wl Liid) s e Ui 2olaall o 4680yl 408l g
Aalandl

G osaall Aaill (pa a8 A6l LOAY Lain eledll aUaill eca 185 sl LIS
.Axial system

YO e didle Ao (5 a3 eV LD 3

Phloem parenchyma sall) LaSi 3

Lol selae ) 3 ke JS 2a g8 Sy lalll 8 (5 5l 5 Saiy) elalll 8 Loyl aa 53
4Kl LAY Aaks 5 | Radial obads Axial s sae paldad A aa g (g U Sl 4
Giga die g Gl gl g daasil HI) gl Apelall o gall 5 G saall g Lol o 5a%8 o 5a0) oo oSl 8
st 45l ol ) Jsat gl Al ol s Sl LAY G5 o Ll el

Ll i

62



Phloem fiber salll i 4

2 siy sl Clyle elal 8 a58e 5Ky sl Blazal (5 5 (SlaiY) elalll 4 aa g
2a 58 5 slalll 8 Lol dacing 5ypemy clalll gad g A Y slalll 3 iy
sl s Jal Al (3 ylay Ae jga

Meta phloem Proto phloem
2y 5 alle As o (8 jaady ) i) el 6 e s jo 8 aaly A oY) elalll ¢ s
) gl At Jl) T geaal) Allaind JaS) Jd 5 Sae
T jall (o LIATS Lah pa Jing T al n Lin IS U g i
LNATL 25 i dmasd 5 Acliiadl ConlsY) Clas s s g Bl g bl <) Adaiall jualiall
da gara () <88 ALY Lol dpale 3 ) gy 438 jall | aaaloa Ags 83 g2 g0 Addiiall i) Gilas g
Gl i I e e ) LAY e GasSidl LR (e 52 ke
Jolal 3 yial aiads g Lage Sale oy 8 a3 538 aay J W) oLl aldighy

Secondary phloem s sl slall)
u.mLL.: @ o palic k] A1 g

A3 e J seal e Lisi g Axial or vertical system s sead) 5l s saall alaill -]
Aaelad J seal e Lasi s Radial or horizontal system &Y s el alaill 2

b elodl) AUl Ll LYy elalll Loy dlaiall ualiall (g saal) cuiisill alays
elalll dadl s

sV ans sall dles & 4 sSial) @l (e Tl s se Jg) 8 435Sl (5 3 elalll LA Calias
O5Ss O) Sy Al gl jaall ddlaia s Al 5 A0l GuSe danl s LA 5 O aall 488 ) () 5SS
b 4ale Lae la g g BBl LSl g eladll a8 danaly ged clila UDIAD) (JSG 8 DA Y) 1
paliall o2a Uiy Clalall oda zgiay Jlal ol gia daiay Hg e 2 5 sl adal)
DSl ] Gl jee e Sl elalll 8 4 gl clilald) slaie) Sy Vg Ly i Al
il Canny g 28BN ) gall CBlat ae 222l Cun (e LD Cilaand Al aae ) A8l
Aol LAY QS jualiadl e ks il

sl al e B g gl elall)

LS p LIS Sieve cells dalaie LA (e (53 sanl) i) oS5 Eun S ) Jagy 6K
Lasd A0S WIA (e oS3 elalll 2250 W) Albuminous cells 4 31 LAY el 3 Lo
Ll Y LSS Ul ol s

) BUaka b (g il plall

pllaill g Aplalll pualiall e paS 230 e (sgingy ol Gljle (S S Sl a5
Companion cells 48 Il W5 Sieve tube 4liiall iVl Glasy aday (5 ) sl
. Phloem fibers ¢l wllls Axial parenchyma 4 saall 4 pll UWIAN g

63



s ghall 3 ) Caall Bua g n L alaal) Adlise dadl (e g padll o) 88 aUaall ¢ S
Sl dlaia LA lallall alay s oy D) A8Vl | i duaSy LA (5 5ind L) Y
s Sl 5 o) daal 8l o) 4y ) 4

sl aa 5 inllS (5 HA u\ﬂ\.u@u\:ﬁ\ﬂ\a& O o palic Aagy I g el e SV ¢ 3all

o G 2 il iy s AV pealial) G e gane e Jol Bles kL) Lia e
. u\:ﬂ\ﬂ\éc L@M&)&YQ\JM&M u‘ \2“ c«léﬂ\ )4\.19 U:JJE)LJALJN‘}“

64



Vascular Bundles:

A vascular bundle: is a part of the transport system in vascular plants which
exists in two forms xylem and phloem.

Vascular bundles vary according to the members of the plant:

1. Radial Vascular Bundles.
2. Collateral Vascular Bundles.
3. Concentric Vascular Bundles.

Radial Vascular Bundles:

Xylem and phloem are seen as patches and they alternate each other and occupy
the different radii on the axis separated by non-conductive tissue e.g. dicot and
monocot roots.

Collateral Vascular Bundles:
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In this type xylem and phloem are arranged side by side on the same radius,
usually xylem is seen towards the inner side and phloem towards outer side.
This may be either open or closed:

1. Closed Collateral Vascular Bundles: xylem towards the inner side and
phloem towards the outer side, in between this there is no cambium, look
like V or Y , e.g. monocot stem.

2. Open Collateral Vascular Bundles: xylem towards the inner side and
phloem towards the outer side, in between xylem and phloem, cambium is
present and the xylem, e.g. dicot stem, this type can see into two shape:

a. Collateral Vascular Bundle with one phloem.

b. Bicollateral Vascular Bundle: here two part of phloem and one of
xylem at the middle. This type found of the species in the family
Cucurbitaceae, Solanaceae and Convolvulaceae.
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Concentric Vascular Bundles:
One vascular element surrounds the other on all sides, it is of two types:

1. Amphivasal or leptocentric: in this xylem is seen towards outer side that
surrounded the phloem e.g. Dracena and Yucca.

2. Amphicribral or hydrocentric: here phloem is seen towards the outer side
and xylem towards the inner side. This condition is called amphicribal e.g.
Hydrilla, Selaginella and Pteris.
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