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Part 1. Plant Cytology

An introduction to cells and their organelles

Cytology is the study of cells (the prefix cyto, which means ‘cell', it is
derived from the Greek word kytos, meaning 'hollow vessel' or ‘container
and the suffix -logy, or -ology means the 'study of.". More specifically,
cytology is a branch of science that studies how cells work and grow and
what they're made of.

The term cell, as first used by Robert Hooke in 1665 (Fig.1), meant a
hollow chamber surrounded by a definite wall. The nucleus was

discovered by Robert Brown In 1831.

One of the most important concepts in biology is that a cell is a basic
structural and functional unit of living organism. This is known as a cell
theory and was proposed jointly by two scientists in 1833. A Belgian
Botanist called Schleiden and the German zoologist called Schwan.
They studied the plant cell and animal cell respectively and come up
with the idea that plants and animals are made up by small individuals
which perform different functions of the whole organism. They finally

come up with what they say cell theory.
The cell theory embraces four ideas, these are:

1. Living organisms are made up of smallest sufficient unit of living

matter called cell.
2. The new cell is derived from pre-existing ones by cell division.

3. Each cell is independent with others but function as integral part of

the whole organism.
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4.The cell contains the hereditary material which is passed from

generation to generation.

Von Mohl and Nagelli, working independently distinguished the two
main parts of cell: the cell wall and the cell content. De bary and Max
Schultz around 1861 established that cells consist of tiny masses of
protoplasm each containing a nucleus, thus founding what is known as

the protoplasm theory.

Robert Hooke (1665

Fig.1: Robert Hook and his microscope (1665).

Cells

Parenchyma, chlorenchyma, collenchyma, and sclerenchyma are the
four main plant cell types (Figure 2). Meristematic cells, which occur in
shoot and root meristems, are parenchyma cells. Chlorenchyma cells

contain chloroplasts and lack the cell wall thickening layers of
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collenchyma and sclerenchyma. Certain epidermal cells can be

specialized as stomata that are important in gas exchange.
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+ Differences between prokaryotic and eukaryotic cells

Prokaryotic cell

Eukaryotic cell

-Nucleus material are not enclosed

by nuclear membrane

-Nucleus material are enclosed by

nuclear membrane

-Contains few organelles

-Contains many organelles

-No membrane bounded organelles

-Has membrane bounded organelles

such as; chloroplast and

mitochondria
-DNA is circular and lies free in|-DNA is linear and enclosed in
cytoplasm nucleus

-No mitosis or meiosis, divide by

binary fission

-Mitosis and meiosis occur

-It contains 70s ribosome (smaller)

-It contains 80s ribosome (larger)

-Mainly unicellular

-Mainly multi-cellular

Note:

In unicellular organisms a single cell, perform all the life activities and

characteristics of living organisms, the cell organelles work as organs in

an organism.

Cell organelles — an introduction

Organelles are required for plant growth, development and function.

These organelles (Figure 3) are the loci for a large number of

physiological and biochemical processes. The organelle contents of

plant and animal cells in common and those unique to plant cells are

depicted in Table 1. The dimensions of plant organelles are presented in

5
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Table 2. A. To enter a plant cell, molecules must traverse both the cell

wall and the fluid mosaic plasmalemma (plasma membrane).

Golgi apparatus

Table 1. Comparison of organelle contents of plant and animal cells.*
Organelle Animal cell Plant cell
Cell wall Absent Present
Centrioles Present Absent
Endoplasmic reticulum Present Present
Glyoxysomes Absent Present
Golgi apparatus Present Present
Microfilaments Present Present
Mitochondrion Present Present
Nucleus Present Present
Peroxisomes Present Present
Plastids Absent Present
Protein bodies Absent Present
Spindle Present Present
Vacuoles Sometimes small Present (mature
cell - large central)
Table 2. Dimensions of subcellular organelles.
Organelles Dimension
Chloroplast 4-6 pm in diameter

Individual cisternae, 0.9um
Coated vesicles 50-280 um in diameter

Microbodies 0.1-2.0pum in diameter
Microtubules 0.5-1.0uym in diameter
Mitochondria 1-10um

Nuclear envelope pores
Nucleus

30-100pum in diameter
5-10um in diameter

Peroxisome 0.2-0.7pm
Plasmodesmata 2-40um in diameter
Primary wall 1-3pm

Protein bodies 2-5um in diameter
Vacuoles 30-90% of cell volume
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Cell Wall

Cell wall is the thick, rigid, non-living, semi-elastic, transparent,
specialized form of protective extra-cellular matrix that present outside
the plasmalemma (plasma membrane) of cells.

It found in plant cells, fungal cells, some protists and prokaryotes
except a few lower plants, gametes and in animal cells. The thickness
varies from 0.1 to 10/um and xylem vessels have thickest cell wall, while
thinnest cell wall found in meristematic and parenchymatous cells.

The wall formed during cell division of plants is called the primary
wall which is later thickened to become a secondary wall. The primary
wall consists of cellulose fibrils running through a matrix of other
polysaccharides. Cellulose is a polysaccharide which has a high tensile
strength which approaches that of steel.

The matrix consists of pectin and hemicellulose. Pectin are acidic and
have a relatively a solubility. The middle lamella that hold neighboring
cell walls together is composed of sticky gel-like magnesium and calcium
salts of pectin.

Hemicelluloses are mixed groups of alkali soluble polysaccharides
which form less organized, shorter and more branched chain like

molecules.

About 60%-70% of mass of cell wall is water which can move freely

through free space in the cell wall.

Wall Components — Chemistry

The main ingredient in cell walls is polysaccharides (or complex
carbohydrates or complex sugars) which are built from monosaccharides

(or simple sugars). Eleven different monosaccharides are common in
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these polysaccharides including glucose and galactose. Carbohydrates
are good building blocks because they can produce a nearly infinite
variety of structures. There are a variety of other components in the wall
including protein, and lignin. Let's look at these wall components in more

detail:
A. Cellulose

Cellulose is the chief constituent of plant cell wall. Each cellulose
chain (1 -5/um long) consists of about 2000-25000 glucose units. Nearly
100 cellulose chains arranged parallel to form minute bundle called
crystalline domain or micelle (1.0 nm thick). Micelle is the smallest
structural unit of cell wall. About 20-40 micelles assemble in the matrix to
form a micro fibril (2.6 nm thick).

Microfibrils are synthesized on the plasma membrane by protein
complexes called particle rosettes. Nearly 250 micro fibrils aggregate in
bigger bundles called macro fibrils (~ 0.5 um in diameter, may reach,
4/um in length). A cotton fiber has 1500 macro fibrils. In primary wall
micro fibrils are short, wavy and loosely scattered. In secondary wall

micro fibrils are long, straight, close and parallel arranged (Fig. 5)
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Micro fibrils are synthesized on the plasma membrane by protein
complexes called particle rosettes. Matrix contains a glycoprotein called
expansin which causes the loosening and expansion of cell wall by the

addition of cellulose molecules to the micro fibrils.

B. Cross-linking glycans (=Hemicellulose)

They are branched polysaccharides that structurally homologous to
cellulose because they have a linear (straight), flat backbone composed
of 1,4-linked B-D-hexosyl residues. The predominant hemicellulose in
many primary walls is xyloglucan. Other hemicelluloses found in primary
and secondary walls include glucuronoxylan, arabinoxylan,
glucomannan, and galactomannan. They characterized by being soluble
in strong alkali.

The main feature of this group is that they don’t aggregate with
themselves - in other words, they don’t form microfibrils. However, they
form hydrogen bonds with cellulose and hence the reason they are
called "cross-linking glycans". There may be a focused sugar at the
end of the side chains which may help keep the molecules planar by

interacting with other regions of the chain.

C. Pectic polysaccharides

These are extracted from the wall with hot water or dilute acid or
calcium chelates (like EDTA). They are the easiest constituents to
remove from the wall. They form gels (i.e., used in jelly making). They
are also a diverse group of polysaccharides and are particularly rich in
galacturonic acid (galacturonans = pectic acids). They are polymers of
primarily B 1,4 galacturonans (=polygalacturonans) are called
homogalacturons (HGA) and are particularly common. These are helical

in shape. Divalent cations, like calcium, also form cross-linkages to join
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adjacent polymers creating a gel. Pectic polysaccharides can also be
cross-linked by dihydrocinnamic or diferulic acids. The HGA's
(galacturonans) are initially secreted from the Golgi as methylated
polymers; the methyl groups are removed by pectin methylesterase to
initiate calcium binding.

Although most pectic polysaccharides are acidic, others are
composed of neutral sugars including arabinans and galactans. The
pectic polysaccharides serve a variety of functions including determining
wall porosity, providing a charged wall surface for cell-cell adhesion - or
in other words gluing cells together (i.e., middle lamella), cell-cell

recognition, pathogen recognition and others.
D. Protein

Wall proteins are typically glycoproteins (polypeptide backbone with
carbohydrate side chains). The proteins are particularly rich in the amino
acids hydroxyproline (hydroxyproline-rich glycoprotein, HPRG), proline
(proline-rich protein, PRP), and glycine (glycine-rich protein, GRP).
These proteins form rods (HRGP, PRP) or beta-pleated sheets (GRP).
Extensin is a well-studied HRGP. HRGP is induced by wounding and
pathogen attack. The wall proteins also have a structural role since: (1)
the amino acids are characteristic of other structural proteins such as
collagen; and (2) to extract the protein from the wall requires destructive
conditions. Protein appears to be cross-linked to pectic substances and
may have sites for lignification. The proteins may serve as the

scaffolding used to construct the other wall components.

Another group of wall proteins are heavily glycosylated with arabinose
and galactose. These arabinogalactan proteins, or AGP's, seem to be
tissue specific and may function in cell signaling. They may be important

in embryogenesis and growth and guidance of the pollen tube.

10
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E. Lignin
Polymer of phenolics, especially phenylpropanoids. Lignin is primarily

a strengthening agent in the wall. It also resists fungal/pathogen attack.

F. Suberin, wax, cutin

A variety of lipids are associated with the wall for strength and

waterproofing.
G. Water

The wall is largely hydrated and comprised of between 75-80% water.
This is responsible for some of the wall properties. For example,
hydrated walls have greater flexibility and extensibility than non-hydrated

walls.

Morphology of the Cell Wall

There are three major regions of the wall:

1. Middle lamella - outermost layer, glue that binds adjacent cells,
composed primarily of pectic polysaccharides.

2. Primary wall - wall deposited by cells before and during active
growth. The primary wall of cultured sycamore cells is comprised
of pectic polysaccharides (ca. 30%), cross-linking glycans
(hemicellulose; ca 25%), cellulose (15-30%) and protein (ca. 20%).
The actual content of the wall components varies with species and
age. All plant cells have a middle lamella and primary wall.

3. Secondary Wall - some cells deposit additional layers inside the
primary wall. This occurs after growth stops or when the cells
begin to differentiate (specializes). The secondary wall is mainly

for support and is comprised primarily of cellulose and lignin. Often

11
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can distinguish distinct layers, S1, S2 and S3 - which differ in the

orientation, or direction, of the cellulose microfibrils (Fig.6).

Flasma  Secondary Wall Mididln
Genes Cytoplasm membrane ; " lamalla
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Fig.6: the structure of secondary cell wall.

The secondary walls of xylem fibers, tracheids, and sclereids are
further strengthened by the incorporation of lignin.

The evolution of conducting tissues with rigid secondary cell walls was
a critical adaptive event in the history of land plants, as it facilitated the
transport of water and nutrients and allowed extensive upright growth.
Secondary walls also have a major impact on human life, as they are a
major component of wood and are a source of nutrition for livestock. In
addition, secondary walls may help to reduce our dependence on

petroleum, as they account for the bulk of renewable biomass that can

12
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be converted to fuel. Nevertheless, numerous technical challenges must
be overcome to enable the efficient utilization of secondary walls for

energy production and for agriculture.

Wall Formation

The cell wall is made during cell division when the cell plate is formed
between daughter cell nuclei. The cell plate forms from a series of
vesicles produced by the Golgi apparatus. The vesicles migrate along
the cytoskeleton and move to the cell equator. The vesicles coalesce
and dump their contents. The membranes of the vesicle become the
new cell membrane. The Golgi synthesizes the non-cellulosic
polysaccharides. At first, the Golgi vesicles contain mostly pectic
polysaccharides that are used to build the middle lamella. As the wall is
deposited, other non-cellulosic polysaccharides are made in the Golgi
and transported to the growing wall.

Cellulose is made at the cell surface. The process is catalyzed by the
enzyme cellulose synthase that occurs in a rosette complex in the
membrane. Cellulose synthase, which is initially made in by the
ribosomes (rough ER) and move from the ER — vesicles — Golgi —
vesicle — cell membrane. The enzyme apparently has two catalytic sites
that transfer two glucoses at a time (i.e., cellobiose) from UDP-glucose
to the growing cellulose chain. Sucrose may supply the glucose that
binds to the UDP. Wall protein is presumably incorporated into the wall
in a similar fashion.

Remember that the wall is made from the outside in. Thus, as the wall
gets thicker the lumen (space within the wall) gets smaller.

Exactly how the wall components join together to form the wall once
they are in place is not completely understood. Two methods seem
likely:

13
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1. Self-assembly. This means that the wall components

spontaneously aggregate; and

Enzymatic assembly — various enzymatic reactions (XET) are
designed for wall assembly. For example, one group of enzymes
"stitches" xylans together in the wall to form long chains. Oxidases
may catalyze additional cross-linking between wall components
and pectin methyl esterase may play an important role (see

below).

Intracellular Communication: Pits and Plasmodesmata

With all this layering, how do the cells "talk" to one another?

Primary cell walls have thinner areas known as primary pit fields.
Pit fields contain small openings in the wall through which
cytoplasmic extensions known as plasmodesmata (singular,
plasmodesma) extend between cells.

The plasmodesmata are bounded by plasma membrane along
their length, and a single tube of endoplasmic reticulum,
the desmotubule extends through each plasmodesma (Fig.7).
When the cell constructs a secondary cell wall, it doesn't lay down
secondary wall over the primary wall's pit fields.

This creates perforations in the secondary wall called pits.
(Sometimes a pit is formed even if there's no pit field.)

Pits of adjacent cells are usually compressed to each other so that
the two primary cell wall and middle lamella form a selectively
permeable pit membrane.

Pit — primary wall — middle lamella — primary wall — pit
...comprises the pit pair through which the cells can transmit water,

nutrients, hormones, etc.

14
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Fig.7: The structure of plasmodesmata

A pit consists of:

(i) Pit chamber, the actual hole within the secondary wall;

(i) Pit membrane, composed of middle lamella and primary walls
between two adjacent pits; and

(i) Pit aperture, an opening that communicate pit chamber with the
interior of the cell. Pit membrane is permeable like primary wall. Pits of
adjacent cells usually occur opposite and form a pit pair. A pit present on
the free surface of cell without its corresponding partner is called blind pit
(Fig. 8, Fig.9).

15
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On the basis of the shape of pit chamber, pits are either simple or

bordered. In simple pit the pit chamber has uniform width and appears

Fig.9: pits view under light microscope.

Fig.8: The structure of pits.
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one ringed in surface view. In bordered pit the pit chamber is flask-
shaped with narrow pit aperture and appears bordered on surface view.
Sometimes the pit membrane bears a disc-like swelling called torus,

and such pit is called aspirated pit.

Bacterial Cell Wall

Bacterial cell wall is made up of peptidoglycans also known as murein.
The cell wall of bacteria is essential for the survival of bacteria.

Cell wall of bacteria is broadly classified into two types: gram positive
and gram negative (Fig.10). The names are given to the reaction of the
cells to gram staining. This experiment is employed for the classification
of bacterial species.

The gram positive bacteria have a thick cell wall and are made up of
many layers of peptidoglycan and teichoic acids.

The gram negative bacteria have thinner cell walls, and are made up
of few layers of peptidoglycans and are surrounded by a lipid membrane

containing lipopolysaccharides and lipoproteins.

Fungi Cell Walll

Fungi cell wall consists of chitin and other polysaccharides (Fig.10).
They do not have cellulose in their cell walls. Species of fungi that
possess a cell wall have a plasma membrane and three layers of cell
wall material surrounding it. These layers are made up of chitin, glucans

and a layer of mannoproteins (mannose containing glycoproteins).

17
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Plasma Membrane
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Fig.10: The structure of bacterial (a) and fungal (b) cell wall.
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Functions of Cell Wall

1. It provides mechanical and skeletal support for individual cells and
for the plant as a whole.

2. It allows development of turgidity when water enters the cell by
osmosis since it is fairly rigid and resistant to expansion.

3. It prevents the cell from bursting when exposed to a dilute solution
(hypotonic medium i.e., resists water pressure).

4. It limits and helps to control cell growth and shape since the cell’s
ability to stretch is determined by concentration of cellulose
microfibrils.

5. It acts as a major pathway for the movement of water (apoplast).

6. Cell walls develop a coating of waxy cutin (cuticle) which reduces
water loss and risks of infections.

7. The cell walls of root endodermal cells are impregnated with
suberin that forms a banner to water movements.

8. The wall of xylem vessels and sieve tubes are adapted for a long
distance translocation of materials through the cells.

9. Some cell walls are modified as food reserves as in storage of
hemicellulose in some seeds.

10.Has a metabolic role (i.e., some of the proteins in the wall are
enzymes for transport, secretion).

11. Recognition responses - for example: (a) the wall of roots of
legumes is important in the nitrogen-fixing bacteria colonizing the
root to form nodules; and (b) pollen-style interactions are mediated
by wall chemistry.

12. Economic products - cell walls are important for products such as

paper, wood, fiber, energy, shelter, and even roughage in our diet.

19
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The Cell Membrane

The cell membrane or plasma membrane is the membrane or

structure which encloses a mass of protoplasm of a cell.

The plasma membrane and all other membranes bounded organelles
contain phospholipids and proteins. The lipids have hydrophilic head and

hydrophobic tail which always occur in pair.

The ‘hydrophilic’ head is a polar molecule and have an affinity to water
(hydrophilic i.e. water loving) and the ‘hydrophobic’ tail is non-polar and

do not mix with water (hydrophobic i.e. water hating).

The plasma membrane has extra proteins which are special carrier
molecules that act as receptors for hormones and immunological identity

such as blood group antigen.

Models of plasma membrane

1- Danielli-Davson model

In 1940’s Danielli and Davson proposed that all the plasma
membrane consist of lipid layer coated with protein molecules as
continuous layer. These suggest the tri-laminar or having three layers.
The lipid layer is a fluid medium in which the protein coated or attracted.
It Called as Sandwich model (Fig.11).

20
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Fig.11: Danielli-Davson modell.

2- Robertson's model

In 1965, Robertson noted the structure of membranes seen in the
electron micrographs. He saw no spaces for pores in the electron
micrographs and hypothesized that the railroad track appearance came
from the binding of osmium tetroxide to proteins and polar groups of

lipids. He proposed unit membrane hypothesis (Fig.12).

21
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Fig.12: Robertson's model.

3- Fluid Mosaic Model

In 1972, Singer and Nicholas put forward the “Fluid Mosaic Model”
of membrane structure in which a mosaic protein molecules floats in a

fluid lipid bilayer.

This model is proposed that membrane is made up of lipid and protein
but the protein does not form a continuous layer covering both sides of

the membrane as proposed by Danielli and Davson.

In mosaic model the protein molecules are either partially (peripheral
protein) or wholly embedded (integral protein). Some of these proteins
that float, consist of pores that allow the passage of particular molecules
or ions through the membrane. In absence of these pores, the polar
molecules could be difficult to cross the membrane.

According to this model, the membrane structure is not static, the lipid

molecule linked to one another only by weak bond. The structure and

22
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arrangement of membrane proteins in the fluid-mosaic model differ from
that of previous models in that they occur as a “mosaic” of discontinuous
particles that penetrate the lipid sheet (Fig.13). Most importantly, the
fluid-mosaic model presents cellular membranes as dynamic structures
in which the components are mobile and capable of coming together to

engage in various types of transient or semi-permanent interactions.

Plasma membrane

.. OUTSIDE
Phospholipid (75%) G/IY‘-'UIIPIC'S (3%)
% 3 | '/F/ =
‘; < rophabic enyironment

/‘ -
/ 8 =
/ Integral Perinheral protei
Cholesterol (209%) protein eriphieral protein
INSIDE

Fig.13: structure of fluid mosaic model membrane.

Chemical composition of plasma membrane

The ratio of lipid to protein in a membrane varies, depending on the type
of cellular membrane. The ratio of lipid to protein in a membrane varies,
depending on the type of cellular membrane.
1- The lipids:
Plasma membrane contains a wide diversity of lipids, all of which are
amphipathic; that is, they contain both hydrophilic and hydrophobic

regions. There are three main types of membrane lipids:

23
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phosphoglycerides (Phospholipids), sphingolipids and cholesterol
(Fig.14).

« Phospholipids (most abundant) — is the lipid which contains

phosphate group.

« Sphingolipids - A less abundant class of membrane lipids, are
derivatives of sphingosine, an amino alcohol that contains a long
hydrocarbon chain. If the substitution is a carbohydrate, the molecule
is a glycolipid.

« Cholesterol — is close related to lipid, made up of steroid and alcohol.
Cholesterol is absent from the plasma membranes of most plant and
all bacterial cells.

Both phospholipids and glycolipids have polar head and non-polar

tails. Cholesterol is slightly polar at one end.

Phospholipid Glycolipid
(e.g., phosphatidylcholine) (e.g., galactosylceramide) Cholesterol

__________________________________________ S e

c
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< —=
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<3 Phosphate ) OH

T group

i A

c Steroid

‘% region

-

L Fatty acid *

S “tails”
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Q

2

S

T Faty
acid
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/ s p

Fig.14: Types of lipids in plasma membrane.

24




BOTANY (1)

2- Proteins-plasma membrane contains about 50% protein. Amount
and type is variable. Myelin cells contain about 25% proteins, internal
membranes of chloroplast and mitochondria contain 50% protein. It
can be grouped into two distinct classes distinguished by the
intimacy of their relationship to the lipid bilayer. These are:-

I. Integral proteins that penetrate the lipid bilayer. Integral
proteins are transmembrane proteins; that is, they pass
entirely through the lipid bilayer and thus have domains that
protrude from both the extracellular and cytoplasmic sides of
the membrane.

II. Peripheral proteins that are located entirely outside of the lipid
bilayer, on the cytoplasmic or extracellular side, yet are
associated with the surface of the membrane by noncovalent

bonds.

Also, according to their function, the proteins can be grouped into
structural proteins, transport proteins and enzymes. Some of them act as

receptors.
3- Carbohydrates

The plasma membranes of eukaryotic cells contain carbohydrates that
are covalently linked to both lipid and protein components Depending on
the species and cell type, the carbohydrate content of the plasma
membrane ranges between 2 and 10 percent by weight. More than 90 %
of the membrane’s carbohydrate is covalently linked to proteins to form
glycoproteins; the remaining carbohydrate is covalently linked to lipids to

form glycolipids (Fig.15).
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Fig.15: fluid mosaic model.

Functions of the Cell (Plasma) Membrane

1. It separates the contents of the cell from their external

environment.

2. It controls the exchange of materials between the cell and the

surrounding. e.g.: gases.

3. It acts as the site for metabolic reactions such as energy
production in mitochondria and also enzymes attached to the

plasma membrane.

4. Acts as a receptor site for recognizing of hormones,

neurotransmitter and other chemicals.
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5. The membrane protein sometimes act as an enzyme, for-example;
the microvilli on epithelial cells lining some parts of the gut contains

digestive enzymes in their cell surface membrane.

6. It contains glycoprotein which acts as cell identity markers, hence
enables the cell to recognize other cells and to behave in an
organized way. For example; during the formation of tissue or

organ in multicellular organisms.

7. It allows transportation of materials such as water, food materials

and waste substances.
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Cytoplasm

It is an aqueous substance containing a variety of cell organelles and
other structures such as insoluble wastes and storage products.

The soluble part of the cytoplasm forms the ‘back ground material’ or
‘ground substances’ between the cell organelles. It contains about 90%
water and forms a solution which contains all the fundamental
biochemicals of life. Some of these are ions and small molecules in true
solution; others are large molecules such as proteins which form
colloidal solutions. In plants the movements of the cytoplasm around the
vacuoles, this is known as cytoplasmic streaming.

Cytosol is the part of the cytoplasm that is not held by any of the
organelles in the cell. On the other hand, cytoplasm is the part of the cell
which is contained within the entire cell membrane. It is the total content
within the cell membrane other than the contents of the nucleus of the
cell. All the cell organelles in eukaryotic cells are contained within the
cytoplasm. The central, granular mass in the cytoplasm is the
endoplasm while the surrounding lucid layer is known as the cell cortex

or the ectoplasm.

Function of Cytoplasm

1. Cytoplasm is the site of many biochemical reactions that are vital
and crucial for maintaining life.

2. The cytoplasm is the place where the cell expands and growth of
the cell takes place.

3. The cytoplasm provides a medium for the organelles to remain
suspended.

4. The cytoskeleton of the cytoplasm provides shape to the cell and it

also facilitates movement.
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5. It also aids in the movement of the different cellular elements.

6. The enzymes in the cytoplasm metabolize the macromolecules
into small parts, so that it can be easily available for the other
cellular organelles like mitochondria.

7. It also transports the products of cellular respiration.

8. The cytoplasmic inclusions are non-soluble molecules, they are
seen floating in the cytoplasm, and they act as stored fats and
sugars that are ready for cellular respiration.

9. The cytoplasm and the proteins prevent the grouping of organelles

in place due to gravity that would impede their function.
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Vacuole

A vacuole is fluid filled sac bounded by a single membrane. Animal
cells contain relatively small vacuoles, such as phagocytic vacuoles,
food vacuoles, autophagic vacuoles and contractile vacuoles. Typically
plant cells have one or two large vacuoles filled with fluid known as cell
sap and surrounded by a membrane called tonoplast. The cell sap is a
watery fluid containing water, sugar, organic acids, mineral salts,
pigments and toxic substances (Fig.16).

The tonoplast, also called the vacuolar membrane, is mainly
involved in regulating the movements of ions around the cell, and
isolating materials that might be harmful or a threat to the cell. Transport
of protons from the cytosol to the vacuole stabilizes cytoplasmic pH,
while making the vacuolar interior more acidic creating a proton motive
force which the cell can use to transport nutrients into or out of the
vacuole. The low pH of the vacuole also allows degradative enzymes to
act. Although single large vacuoles are most common, the size and
number of vacuoles may vary in different tissues and stages of
development. For example, developing cells in the meristems contain
small provacuoles and cells of the vascular cambium have many small
vacuoles in the winter and one large one in the summer.

Aside from storage, the main role of the central vacuole is to maintain
turgor pressure against the cell wall. Proteins found in the tonoplast
control the flow of water into and out of the vacuole through active
transport, pumping potassium (K*) ions into and out of the vacuolar
interior. Due to osmosis, water will diffuse into the vacuole, placing
pressure on the cell wall. If water loss leads to a significant decline in
turgor pressure, the cell will plasmolyze. Turgor pressure exerted by

vacuoles is also required for cellular elongation: as the cell wall is
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partially degraded by the action of expansions, the less rigid wall is
expanded by the pressure coming from within the vacuole. Turgor
pressure exerted by the vacuole is also essential in supporting plants in
an upright position.

Another function of a central vacuole is that it pushes all contents of
the cell's cytoplasm against the cellular membrane, and thus keeps the
chloroplasts closer to light. Most plants store chemicals in the vacuole
that react with chemicals in the cytosol. If the cell is broken, for example
by an herbivore, then the two chemicals can react forming toxic
chemicals. In garlic, allin and the enzyme allinase are normally
separated but form allicin if the vacuole is broken. A similar reaction is
responsible for the production of syn-propanethial-S-oxide when onions

are cut.

Functions of Vacuole

1. Water generally enters the concentrated cell sap by osmosis.
Osmotic uptake of water is important in cell expansion during cell

growth as well as in the normal water relations of plants.

2. The vacuole sometimes contains pigments in solution, e.g.:
anthocyanin which are red, blue and purple and other related
compounds which are yellow and ivory. They are responsible for
colors in flowers, fruits, buds and leaves. They are important in
attracting insects, birds and other animals for pollination and seed

dispersal.

3. Plant vacuole sometimes contains hydrolytic enzymes and act as
lysosomes. After cell death, the tonoplast loses its patrtial

permeability and the enzymes escape causing autolysis.
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4. Vacuoles contain waste products and certain secondary products
of plants metabolism such as calcium oxalate, alkaloids and

tannins which offer protection from consumption by herbivores.

5. Vacuole acts as a food storage organelle. It stores sucrose and
mineral salts which can be utilized by the cytoplasm when

necessary.

6. Allows plants to support structures such as leaves and flowers due

to the pressure of the central vacuole.

7. In seeds, stored proteins needed for germination are kept in

‘protein bodies', which are modified vacuoles.

Vacuoles also play a major role in autophagy, maintaining a balance
between biogenesis (production) and degradation (or turnover), of many
substances and cell structures in certain organisms. They also aid in the
lysis and recycling of misfolded proteins that have begun to build up
within the cell. Thomas Boller and others proposed that the vacuole
participates in the destruction of invading bacteria and Robert B Mellor
proposed organ-specific forms have a role in ‘housing’ symbiotic
bacteria.
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Fig.16: Photomicrograph of a plant cell showing the vacuole as seen under the TEM.

33




BOTANY (1)

Endoplasmic Reticulum

The endoplasmic reticulum (ER) is a network of tubules and flattened
sacs known as cisternae that serve a variety of functions in the cell.

There are two regions of the ER that differ in both structure and
function (Fig.17). One region is called rough endoplasmic reticulum
(RER) because it has ribosomes attached to the cytoplasmic side of the
membrane. The other region is called smooth ER because it lacks
attached ribosomes. Typically, the smooth ER is a tubule network and
the rough ER is a series of flattened sacs. The space inside of the ER is
called the lumen. The ER is very extensive extending from the cell
membrane through the cytoplasm and forming a continuous connection
with the nuclear envelope. Since the ER is connected with the nuclear
envelope, the lumen of the ER and the space inside the nuclear

envelope are part of the same compartment.

Rough Endoplasmic Reticulum

The surface of the rough endoplasmic reticulum (often abbreviated
RER or Rough ER) (also called ergastoplasm) is studded with protein-
manufacturing ribosomes giving it a "rough" appearance (hence its
name). The binding site of the ribosome on the rough endoplasmic
reticulum is the translocon. However, the ribosomes bound to it at any
one time are not a stable part of this organelle's structure as they are
constantly being bound and released from the membrane. A ribosome
only binds to the RER once a specific protein-nucleic acid complex forms
in the cytosol. This special complex forms when a free ribosome begins
translating the mRNA of a protein destined for the secretory pathway.
The first 5-30 amino acids polymerized encode a signal peptide, a

molecular message that is recognized and bound by a signal recognition
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particle (SRP). Translation pauses and the ribosome complex bind to the
RER translocon where translation continues with the nascent protein
forming into the RER lumen and/or membrane.

The protein is processed in the ER lumen by an enzyme (a signal
peptidase), which removes the signal peptide. Ribosomes at this point
may be released back into the cytosol; however, non-translating
ribosomes are also known to stay associated with translocons.

The membrane of the rough endoplasmic reticulum forms large double
membrane sheets that are located near, and continuous with, the outer
layer of the nuclear envelope. Although there is no continuous
membrane between the endoplasmic reticulum and the Golgi
apparatus, membrane-bound vesicles shuttle proteins between these
two compartments. Vesicles are surrounded by coating proteins called
COPI and COPII. COPII targets vesicles to the Golgi apparatus and
COPI marks them to be brought back to the rough endoplasmic
reticulum. The rough endoplasmic reticulum works in concert with the
Golgi complex to target new proteins to their proper destinations.

A second method of transport out of the endoplasmic reticulum
involves areas called membrane contact sites, where the membranes of
the endoplasmic reticulum and other organelles are held closely

together, allowing the transfer of lipids and other small molecules.

Smooth Endoplasmic Reticulum

The smooth ER has a wide range of functions including carbohydrate
and lipid synthesis. It serves as a transitional area for vesicles that
transport ER products to various destinations. In liver cells the smooth
ER produces enzymes that help to detoxify certain compounds. In
muscles the smooth ER assists in the contraction of muscle cells, and in

brain cells it synthesizes male and female hormones.
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In plants, rough and smooth ER are observed in differentiated cells.
The sooth ER seems to be common in cells which are mainly concerned
in steroid production and carbohydrate metabolism, with transport of
electrolytes as in the sieve elements and companion cells of Cucurbit
phloem. On the other hand, the rough ER is highly developed in cells
active in protein synthesis as in the cell of the glandular hairs of Drosera

leaves.

Fig.17: Rough and smooth endoplasmic reticulum.

Functions of Endoplasmic Reticulum

1. Rough endoplasmic reticulum concerned with the production and
storage of protein molecules before they are used inside the cell or

are secreted to the exterior.
2. They transport materials within the cell from one part to another.
3. S.E.Rinvolved in lipids and steroid synthesis and storing.
4. The E.R provides surface or location for chemical reaction.

5. Producing and storing carbohydrates (S.E.R).
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Ribosomes

Ribosomes were first observed in the mid-1950s by Romanian cell
biologist George Emil Palade using an electron microscope as dense
particles or granules for which, in 1974, he would win a Nobel Prize. The
term "ribosome" was proposed by scientist Richard B. Roberts in 1958.

Ribosomes occur in both prokaryotic and eukaryotic cells. The
ribosomes of prokaryotic cells are distinctly smaller (70’s ribosomes)
than those of eukaryotic cells (80’s ribosomes).

The ribosome is responsible for the synthesis of proteins in cells and it
serves to convert the instructions found in messenger RNA (mRNA,
which itself is made from instructions in DNA) into the chains of amino-
acids that make up proteins.

The ribosome is a cellular machine which is highly complex. It is made
up of dozens of distinct proteins (the exact number varies a little bit
between species) as well as a few specialized RNA molecules known as
ribosomal RNA (rRNA).

Ribosomes are typically composed of two subunits: the small
ribosomal subunit, which reads the RNA, and the large subunit, which
joins amino acids to form a polypeptide chain. Each subunit is composed
of one or more ribosomal RNA (rRNA) molecules and a variety of
proteins. The ribosomes and associated molecules are also known as
the translational apparatus (Fig.18 a&Db).

Bacterial ribosomes are composed of one or two rRNA strands.
Eukaryotic ribosomes contain one or three very large rRNA molecules

and multiple smaller protein molecules.

Location of Ribosomes in the Cell
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There are two places that ribosomes usually exist in the cell:
suspended in the cytosol and bound to the endoplasmic reticulum.
These ribosomes are called free ribosomes and bound ribosomes
respectively. In both cases, the ribosomes usually form aggregates
called polysomes or polyribosomes during protein synthesis.
Free ribosomes usually make proteins that will function in the cytosol
(fluid component of the cytoplasm), while bound ribosomes usually make
proteins that are exported from the cell or included in the cell's
membranes. Interestingly enough, free ribosomes and bound ribosomes
are interchangeable and the cell can change their numbers according to

metabolic needs.

Components of Ribosomes

* Two subunits: large and small.
— Prokaryotes: 50S + 30S = 70S
— Eukaryotes: 60S + 40S = 80S.
* Prokaryotes: overall smaller
— Large subunit contains two rRNAs and ~31 different proteins.
— Small subunit contains one rRNAs and 21 different proteins.
» Eukaryotes: overall bigger
— Large subunit contains three rRNAs and 45 proteins.

— Small subunit consists of one rRNAs and 33 different proteins.

Synthesis of Ribosomes:

* In eukaryotes, rRNA synthesis and ribosome assembly takes place in
the nucleolus.

« Before translation begins, the two ribosomal subunits exist as separate
entities in the cytoplasm.

» Soon after the start of translation, they come together.

Functions of Ribosomes
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1- They are the sites of polypeptide synthesis.

2- They recognize features that signal the start of translation.

3- They ensure the accurate interpretation of the genetic code by
stabilizing the interaction between tRNA and the mRNA.

4- They supply the enzymatic activity that covalently links the amino
acids in the polypeptide chain.

5- They facilitate the linear reading of the genetic code by sliding

along the mRNA molecule.

Ribosomes: Role in translation

* The small subunit is the one that initially binds to the mRNA.

* The larger subunit provides the enzyme activity:

*Peptidyl transferase,

«catalyzes formation of peptide bonds joining amino acids

* The assembled structure of the ribosome creates three pockets for the
binding of two molecules of tRNA.

*The far left pocket is the EXxit site or E site

«It binds the deacylated tRNA (no amino acid attached)

* The one in the middle is referred to as the peptidyl or the P site: it binds
to the tRNA holding the growing chain of polypeptide.

* The site on the right is termed the amino acyl, or the A site, it binds to

the incoming tRNA molecule (Fig. 19).
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Golgi apparatus

> Discovery

Owing to its large size and distinctive structure, the Golgi apparatus
was one of the first organelles to be discovered and observed in detail. It
was discovered in 1898 by Italian physician Camillo Golgi during an
investigation of the nervous system. After first observing it under his
microscope, he termed the structure the internal reticular apparatus.
Some doubted the discovery at first, arguing that the appearance of the
structure was merely an optical illusion created by the observation
technique used by Golgi. With the development of modern microscopes
in the 20th century, the discovery was confirmed. Early references to the
Golgi referred to it by various names including the "Golgi—Holmgren
apparatus”, "Golgi-Holmgren ducts", and "Golgi—-Kopsch apparatus".
The term "Golgi apparatus” was used in 1910 and first appeared in

scientific literature in 1913.

> Subcellular localization

Among eukaryotes, the subcellular localization of the Golgi apparatus
differs. In mammals, a single Golgi apparatus complex is usually located
near the cell nucleus, close to the centrosome. Tubular connections are
responsible for linking the stacks together. Localization and tubular
connections of the Golgi apparatus are dependent on microtubules. If
microtubules are experimentally depolymerized, then the Golgi
apparatus loses connections and becomes individual stacks throughout
the cytoplasm. In yeast, multiple Golgi apparatuses are scattered
throughout the cytoplasm (as observed in Saccharomyces cerevisiae). In
plants, Golgi stacks are not concentrated at the centrosomal region and

do not form Golgi ribbons. Organization of the plant Golgi depends on
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actin cables and not microtubules. The common feature among Golgi is

that they are adjacent to endoplasmic reticulum (ER) exit sites.
» Structure

A Golgi complex is composed of flat sacs known as cisternae,
consists of a tubular parallel smooth membrane with membrane vesicles
at their tips called Golgi vesicles (Fig.20). The sacs are stacked in a
bent, semicircular shape. Each stacked grouping has a membrane that
separates its insides from the cell's cytoplasm. Golgi membrane protein
interactions are responsible for its unique shape. These interactions
generate the force that shapes this organelle. The Golgi complex is very
polar. Membranes at one end of the stack differ in both composition and
in thickness from those at the other end. One end (cis face) acts as the
"receiving" department while the other (trans face) acts as the
"shipping" department. These two faces was known as two networks: the
cis Golgi network (CGN) and the trans Golgi network (TGN). As the CGN
is a collection of cisternae, originating from vesicular clusters that bud off
the endoplasmic reticulum. The TGN is the final cisternal structure, from
which proteins are packaged into vesicles destined to lysosomes,
secretory vesicles, or the cell surface. The TGN is usually positioned
adjacent to the stacks of the Golgi apparatus, but can also be separate
from the stacks. The TGN may act as an early endosome in yeast and

plants.
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Fig.20: structure of Golgi apparatus.

> Golgi complex: Molecule Transport and Modification

Molecules synthesized in the ER exit via special transport vesicles
which carry their contents to the Golgi complex. The vesicles fuse with
Golgi cisternae releasing their contents into the internal portion of
membrane. The molecules are modified as they are transported between
cisternae layers. It is thought that individual sacs are not directly
connected, thus the molecules move between cisternae through a
sequence of budding, vesicle formation, and fusion with the next Golgi
sac. Once the molecules reach the trans face of the Golgi, vesicles are

formed to "ship" materials to other sites.

The Golgi complex modifies many products from the ER

including proteins and phospholipids. The complex also manufactures
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certain biological polymers of its own. The Golgi complex contains
processing enzymes which alter molecules by adding or removing
carbohydrate subunits. Once modifications have been made and
molecules have been sorted, they are secreted from the Golgi via
transport vesicles to their intended destinations. Some of the molecules
are destined for the cell membrane where they aid in membrane repair
and intercellular signaling. Other molecules are secreted to areas
outside of the cell. Transport vesicles carrying these molecules fuse with
the cell membrane releasing the molecules to the exterior of the cell. Still
other vesicles contain enzymes that digest cellular components. These
vesicle form cell structures called lysosomes. Molecules dispatched from

the Golgi may also be reprocessed by the Golgi (Fig. 21, 22).
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Fig.21: Diagrammatic representation of the role of Golgi apparatus in secretion.
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> Golgi complex Assembly

The Golgi complex is capable of disassembly and reassembly. During
the early stages of mitosis, the Golgi disassembles into fragments which
further breakdown into vesicles. As the cell progresses through the
division process, the Golgi vesicles are distributed between the two
forming daughter cells by spindle microtubules. The Golgi complex
reassembles in the telophase stage of mitosis. The mechanisms by

which the Golgi complex assembles are not yet understood.
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Mitochondria

Mitochondria are the filamentous, self-duplicating, double
membranous cytoplasmic organelles of eukaryotic cells which are
concerned with cellular respiration.

They are the energy transducing organelle found in all aerobic
eukaryotic cells. But in mature mammalian RBC mitochondria are lost
secondarily. They are also absent in prokaryotic cells where mesosomes

act as a substitute of mitochondria.

» History

-Kolliker (1850): First discovered mitochondria as granular structures in
insect striated flight muscles and called as sarcosomes.

-Altmann (1894): He called them as bioblast.

-Benda (1897): First coined the term mitochondria.

-Meves (1904): First noticed the presence of mitochondria in plant cells
of Nymphaea.

-Kingsbury (1912): First suggested that mitochondria are the sites for
cellular respiration.

-Kennedy and Lehninger (1948- 1950):. He showed that TCA cycle,
oxidative phosphorylation and fatty acid oxidation took place in

mitochondria.

> Number

The number of mitochondria varies from cell to cell; plant cells contain
fewer than animal cells. The number of mitochondria in a cell is generally
proportional to its energy requirement. The Trypanosoma, Chlorella and
Microsterias contain 1 mitochondrion per cell, but the number is 25 in

human sperm cell, 300-400 — in a kidney cell, 500-1000 — in a hepatic
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cell, 50,000 — giant amoeba (Chmn chaos), 30000 -300000 — in oocytes

of sea urchins and 5,00,000 -in flight muscle cell.

» Shape and Size:

Mitochondria vary in shape and size. Typical mitochondria are
generally rod shaped, having length 1-4 /um and breadth 0.2-1.5/pm. In
some cases, these may be spherical or oval or filamentous (up to 12pu.m
long). All mitochondria of a cell are collective called as chondriome and
constitutes about 25% of the cell volume. Mitochondria appear yellowish
due to riboflavin and rich in Mn. The life span of mitochondria is only 5-
10 days. They are continuously produced from the pre-existing

mitochondria within the cell and destroyed within the cells.

Mitochondria are the cell's power producers. They convert energy into
forms that are usable by the cell. Located in the cytoplasm, they are the
sites of cellular respiration which ultimately generates fuel for the cell's

activities.

Mitochondria are also involved in other cell processes such as cell

division and growth, as well as cell death.

> Ultrastructure

Each mitochondrion is bounded by a mitochondrial envelope and

encloses two chambers or compartments within it.
(a) Mitochondrial envelope:

It consists to two membranes called outer membrane and inner
membrane (each 60-75 A thick). Both the membranes come in contact
with each other at several places called adhesion sites or contact zones
(Fig. 23, 24). The outer membrane is smooth but porous due to the
presence of integral proteins called porins. It contains 40% lipids and
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60% proteins. The mitochondrion excluding the outer membrane is

called mitoplast.

The inner membrane is semipermeable. It is highly convoluted to form
a series of in-folding called cristae or mitochondrial crests. Each crista
encloses intracristal spaces which is continuous with the outer chamber.
The cristae greatly increase the surface areas of inner membrane. The
inner membrane consists of 75% proteins and 25% lipids. It is rich in

enzymes of respirators chain and a variety of transport proteins.
(b) Mitochondrial chambers:

In between two membranes a narrow space (about 6-10 nm wide,
present called outer chamber or inter-membrane space. The central
wider space enclosed by the inner membrane is called inner chamber or
mitochondrial matrix. The outer chamber is filled with a watery fluid and
contains enzymes like adenylate kinase and nucleoside di-

phosphokinase.

The matrix is filled with a homogenous, granular, dense, jelly like
material. It contains-circular DNAs (2-6 copies). Mitoribosomes, granules
of inorganic salts, enzymes for the citric acid cycle (TCA cycle) and for

the oxidation of pyruvate and fatty acids.

51




BOTANY (1)

ELEMENTARY

MITORIBOSOME FlRaToAY

rigs aHATH FARTICLES
QUYER MEMBRANE | | ; > 1A CXTLONES,
INNER MEMBRANE : INE /
PERIMTOSHONDRIAL SPACE 3 i+
DUTER SHAMEER w’jr e
MATRIX SUTER n..HAr-JE_Fr"""“--..,
DNA MOLECULE (mt-DNA) SRISTA
b PO L T
Fy PARTICLE nu‘rE‘; : ,_mm
WURNER CHAMBERA
WEHIDRANE)
B

fm g0 [y —

c

Fig. 23: Structure of a mitochondrion. (A) Mitochondrion longitudinally cut to show its internal

structure, (B) inner membrane with oxysomes, (C) oxysome.

(c) Oxysomes:

The matrix side of the inner membrane and cristae bear numerous
tennis rackets like particles present called oxysomes (Fig.23). They are
also known as elementary particles, Parson’s particle, Fernandez-Moran
particle, FoFi-particles, FoFi-ATPase, H+ — ATPase, ATP synthetase or
ATP synthase. A mitochondrion contains about 104 -105 oxysomes
regularly placed at the intervals of 10 nm. Oxysomes comprise about
15% of the total inner membrane protein.

Each oxysome is a multi-polypeptide complex consists of 3 parts:
(i) Head piece or F1 particle or soluble ATPase.
(i) Base or Fo subunit.

(iii) A stalk that connects F1 subunit with the Fo subunit.
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Fig. 24: Structure of mitochondria under electron microscope.
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> Functions of Mitochondria

Mitochondria are associated with the following functions:

1- They are the main seat of cellular respiration, a process involving
the release of energy from organic molecules (such as glucose)
and its transfer to molecules of ATP (Adenosine triphosphate), the
chief immediate source of chemical energy for all eukaryotic cells.
On this account, the mitochondria are often described as the
‘power houses”, or “storage batteries” or “ATP mills” or “cellular
furnace” of the cell. Mitochondria tend to assemble where energy
IS required.

2- They provide intermediates for the synthesis of important
biomolecules, such as chlorophyll, cytochromes, steroids etc.

3- Some amino acids are also formed in mitochondria.

4- Mitochondria regulate the calcium ion concentration in the cell by
storing and releasing Ca? *as and when required. The calcium ions
in turn regulate many biochemical activities in the cell.

5- They help in B oxidation of Fatty acids.
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Plastids

Plastids are ovoid or spherical shaped organelles found in plant cells
and in certain unicellular organism like algae. They are easily observed
under light microscope. E. Haeckel (1866) introduced the term plasmid.

> Origin and Development of Plastids:

Recent studies state that all plastids arise always from pre-existing
minute sub-microscopic amoeboid plastids called as proplastids (Fig.
25). The proplastid is considered as stem plastid which gives rise to
either leucoplast or immature lamellar plastids, the later may form any
type of plastids. The proplastids are spherical bodies of 0.5u diameter

bounded by double membranes enclosing the dense stroma.

proplastd phase «

drﬂamnlilti-m.q
phasa

rator Al
phasa
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Fig. 25: Origin of chloroplast from a submicroscopic proplastid in the presence of sun light.

When light is available and the proplastid reaches a diameter of 1 um,
its inner membrane invigorates to form vesicles into the matrix or
stroma, which arrange themselves parallelly in the stroma and later

these vesicles fuse to form discs or lamellae.

These intrachloroplastic membranes are the thylakoids which, in
certain region, pile closely to form the grana few thylakoids remain
connected with each other by the tubules or stromal lamellae. In the
mature chloroplast the thylakoids are no longer connected to the inner

membrane, but the grana remain united by intergranal thylakoids.

In darkness, however, the lamellae break up into vesicles. If a plant is
kept under low light intensity, the reverse sequence of changes takes
place (Fig. 26). This process is called etiolation, and results in the

disorganization of the membranes.

The same phenomenon occurs if the plant is grown from the very
beginning in low light intensity. In this case the vesicles of the proplastid
aggregate to form one or more prolamellar bodies, which can develop

into grana if the plant is again exposed to light.

The plastids never arise denovo (afresh). In Monocotyledons, some of
the mature plastids called, elaioplasts, develop from old chloroplasts. In
carrot root chromoplasts become developed from amyloplasts. In algae
and ferns the mature plastids give rise to new plastids by division. New
plastids also develop by budding from the mature plastids but it occurs
only in abnormal conditions, i.e., regeneration of plant from dissected

leaves.
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Fig. 26: Development of proplastid into chloroplast in the dark.

» Types

On the basis of types of pigments they contain, Schimper (1883)
classified them in three types:
(i) Leucoplasts- Colourless plastids
(i) Chromoplasts — Coloured plastids (other than green)
(iif) Chloroplasts- Green plastids

All the three types of plastids can change one form into another.
Further, all plastids have a common precursor called pro-plastid. The
pro-plastids are colorless undifferentiated plastids found in meristematic

cells.
(i) Leucoplasts:

These are colorless, non-photosynthetic plastids found in those cells

of plants which are not exposed to sunlight. They possess membranous
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lamellae that do not form thylakoids. They are the storage organelles

and on the basis of stored food they are of three types.

1- Amyloplasts: They store starch, and found in underground stems
(e.g. potato), cereals (e.g. rice, wheat) etc.

2- Elaioplasts (Lipidoplasts or oleoplasts): They store oils and found
in the seeds of castor, mustard, coconut etc.

3- Aleuroplasts (Proteoplasts or proteinoplasts): They store proteins

and found in seeds (maize)
(i) Chromoplasts:

These are colored plastids other than green. They are non-
photosynthetic which synthesize and store carotenoid pigments. They
provide color to various parts of the plants which attract insects for
pollination & dispersal of seeds. They also synthesize membrane lipids.
During ripening of tomato and chili chloroplasts transformed into

chromoplasts.
(iii) Chloroplasts (Green plastids):

The chloroplasts are green or chlorophyll containing plastids
concerned with photosynthesis. The chloroplasts of algae, other than

green ones (such as red and brown algae) are called chromatophores.
» Number:

A leaf mesophyll cell may contain 40-50 chloroplasts; a square
millimeter of leaf contains some 500,000. The number of chloroplasts
per cell in algae is usually fixed for a species. The minimum number of
one chloroplast per cell is found in green alga Ulotlirix arid several
species of Chlamydomonas. However, different species of a genus may

have different number of chloroplasts, for example—1 in Spirogyra
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indica. 16 in Spirogyra rectospora. The internodal cell of the green alga

Chara possesses several hundred chloroplasts.

» Shape and Orientation:

The shape of a chloroplast varies from species to species. It may be
cup-shaped (e.g., Chlamydomonas), (e.g., Vaucheria), Girdle (e.qg.,
Ulothrix), Stellate or Star-shaped (e.g., Zygnema), Reticulate or net-like
(e.g., Cladophora, Oedogonium), Spiral or ribbon or scalariform (e.g.,

Spirogyra), ovoid or disc or spheroid in higher plants.

The chloroplasts are usually found with their broad surfaces parallel to
the cell wall. They can reorient in the cell under the influence of light. For
example, gathering along the walls parallel with the leaf surface under
low or medium light intensity. Under damaging, very high light intensity,

they can orient themselves perpendicular to the leaf surface.
» Size:

They are generally 4-10/um in length and 2-4 nm in width. In many
algae, the chloroplast may occupy almost the whole length of the cell,

such as in green alga Spirogyra, where it may reach a length of 1 mm.

> Ultra-structure:

A chloroplast has three types of membranes enclosing three types of
compartments (Fig.27). The membranes are: outer membrane, inner
membrane & a system of thylakoid membranes, while the compartments
are: inter-membrane space, stroma & thylakoid space.

Each chloroplast is surrounded by chloroplast envelope which

consists of outer & inner membranes. Both the membranes are
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separated by a fluid-filled inter-membrane space of 10-20 nm width. The
outer membrane is freely permeable due to the presence of porin
proteins, while the inner membrane is semipermeable. Sometimes
extensions of outer membrane called stromules found to connect
adjacent chloroplasts. The membranes of all plastids including
chloroplast consists of entirely glycosylglycericles (=galactolipids and

sulfolipids) rather than phospholipids.

The inner membrane encloses a fluid-filled space called stroma, which
Is analogous to the mitochondrial matrix. The stroma contains:
thylakoids, various enzymes, protein synthetic machinery (i.e. 2-6 copies
of circular DNAs, RNAs & 70S ribosomes), plastoglobuli, certain metallic
lons (Fe, Mn, and Mg) starch grains etc. In green algae, proteinous
pyrenoids present around which starch deposits in layers”.

The stroma contains a membrane system which consists of many
flattened, fluid-filled sacs called thylakoids or lamellae. About 2-100
thylakoids are stacked like a pile of coins forming grana. In a typical
chloroplast, as many as 40-60 grana may be present. Adjacent grana
are interconnected by stroma lamella or frets. The Cs4 plants — maize,
sugarcane- possess two type of chloroplasts (i.e. chloroplast
dimorphism), agranal chloroplasts (inside bundle-sheath cells) & granal
chloroplasts (inside mesophyll cells).

The thylakoid membrane system carry four protein assemblies i.e.
Photosystem | (PS-1) Photosystem Il (PS-ID), electrone transport system
(ETS) consisting of cytochromes b and f & CFO-CF1 particles (ATP

syntetase).
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Fig.27: Chloroplast ultrastructure:

. Outer membrane 2. Intermembrane space 3. Inner membrane (1+2+3: envelope) 4. Stroma (aqueous fluid)

5. Thylakoid lumen (inside of thylakoid) 6. Thylakoid membrane 7. Granum (stack of thylakoids)
8. Thylakoid (lamella) 9. Starch 10. Ribosome 11. Plastidial DNA 12. Plastoglobule (drop of lipids)
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Fig.28: Distribution of protein complexes in the thylakoid membrane.

> Functions of Chloroplasts:

1. Chloroplasts are the site of photosynthesis. The light reactions occur
in thylakoid membranes while dark reactions occur in stroma.

2. Chloroplasts convert radiant energy of sun light into chemical energy
of sugars, hence called as biological transducers.

3. Chloroplasts store fat droplets in form of plastoglobuli which also
contain vit-K and vit-E.

4. Synthesis of fatly acids in the chloroplast has also been reported in
some plants (e.g., spinach)

5. Chloroplasts in some algae render photosensitivity because of the
presence of stigma or eye spot.

6. They can be transformed into the chromoplasts which provide
beautiful colors to many flowers and help in attracting insects, birds
and animals for pollination and dispersal.
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Fig.29: Chloroplast ultrastructure under electron microscope.
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The Nucleus

» History

The nucleus was described by Franz Bauer in 1804 and in more
detail in 1831 by Scottish botanist Robert Brown in a talk at the Linnean
Society of London. Brown was studying orchids under microscope when
he observed an opaque area, which he called the areola or nucleus, in
the cells of the flower's outer layer. He did not suggest a potential
function. In 1838, Matthias Schleiden proposed that the nucleus plays
a role in generating cells, thus he introduced the name "Cytoblast" (cell
builder). He believed that he had observed new cells assembling around
"cytoblasts". Franz Meyenwas a strong opponent of this view, having
already described cells multiplying by division and believing that many
cells would have no nuclei. The idea that cells can be generated de
novo, by the "cytoblast® or otherwise, contradicted work by Robert
Remak (1852) and Rudolf Virchow (1855) who decisively propagated
the new paradigm that cells are generated solely by cells ("Omnis cellula

e cellula). The function of the nucleus remained unclear.

Between 1877 and 1878, Oscar Hertwig published several studies on
the fertilization of sea urchin eggs, showing that the nucleus of the
sperm enters the oocyte and fuses with its nucleus. This was the first
time it was suggested that an individual develops from a (single)
nucleated cell. This was in contradiction to Ernst Haeckel's theory that
the complete phylogeny of a species would be repeated during
embryonic development, including generation of the first nucleated cell
from a "Monerula”, a structure less mass of primordial mucus
("Urschleim"). Therefore, the necessity of the sperm nucleus for

fertilization was discussed for quite some time. However, Hertwig
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confirmed his observation in other animal groups, including amphibians
and molluscs. Eduard Strasburger produced the same results for plants
in 1884. This paved the way to assign the nucleus an important role in
heredity. In 1873, August Weismann postulated the equivalence of the
maternal and paternal germ cells for heredity. The function of the
nucleus as carrier of genetic information became clear only later, after
mitosis was discovered and the Mendelian rules were rediscovered at
the beginning of the 20th century; the chromosome theory of heredity

was therefore developed.
» Structure

The nucleus is a membrane-enclosed organelle found in eukaryotic
cells. Eukaryotes usually have a single nucleus, but a few cell types
have no nuclei, and a few others have many. In some cells , it has a
relatively fixed position, usually near to center of the cell but in other it

may move freely and be found almost anywhere in the cell.

Nucleus is the most important organelle in the cell and the largest one.
It is enclosed by an envelope of two membranes that is perforated by
nuclear pores. Like the cell membrane, the nuclear envelope consists
of phospholipids that form a lipid bilayer. The envelope helps to maintain
the shape of the nucleus and assists in regulating the flow of molecules

into and out of the nucleus through nuclear pores (Fig.30).

The nuclear envelope, otherwise known as nuclear membrane,
consists of two cellular membranes, an inner and an outer membrane,
arranged parallel to one another and separated by 10 to 50 nanometers
(nm). The nuclear envelope completely encloses the nucleus and
separates the cell's genetic material from the surrounding cytoplasm,
serving as a barrier to prevent macromolecules from diffusing freely
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between the nucleoplasm and the cytoplasm. The outer nuclear
membrane is continuous with the membrane of the rough endoplasmic
reticulum (RER), and is similarly studded with ribosomes. The space
between the membranes is called the perinuclear space and is

continuous with the RER lumen.

Nuclear pores, which provide aqueous channels through the
envelope, are composed of multiple proteins, collectively referred to as
nucleoporins. The pores are about 125 million daltons in molecular
weight and consist of around 50 (in yeast) to several hundred proteins
(in vertebrates). The pores are 100 nm in total diameter; however, the
gap through which molecules freely diffuse is only about 9 nm wide, due
to the presence of regulatory systems within the center of the pore. This
size selectively allows the passage of small water-soluble molecules
while preventing larger molecules, such as nucleic acids and larger
proteins, from inappropriately entering or exiting the nucleus. These

large molecules must be actively transported into the nucleus instead.

Within the nucleus, there is a matrix called nucleoplasm which

contains the chromatin and nucleolus.

Chromosomes are located within the nucleus. Chromosomes consist
of DNA, which contains heredity information and instructions for cell
growth, development, and reproduction. When a cell is "resting" i.e. not
dividing, the chromosomes are organized into long entangled structures
called chromatin and not into individual chromosomes as we typically
think of them.

The chromatin materials are coiled DNA bounded by protein called
histones. The term chromatin means colored materials. There are two

types of chromatin in the nucleus, these are:
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I. Heterochromatin — Tightly coiled and continues to stain intense.

ii. Euchromatin — The looser coiled and more scattered chromatin
during the interphase.

The outer membrane is continuous with the endoplasmic reticulum

and may be covered by ribosomes for protein synthesis.

The Nucleolus

Contained within the nucleus is a dense structure composed of RNA
and proteins called the nucleolus. The nucleolus contains nucleolar
organizers, which are parts of chromosomes with the genes for
ribosome synthesis on them. The nucleolus helps to synthesize
ribosomes by transcribing and assembling ribosomal RNA. A ribosome

Is composed of ribosomal RNA and proteins.

Outer membrane
Inner membrane
Nucleoplasm

Nucleolus

Chromatin

Nuclear
envelope

Pore in nuclear
envelope

Fig. 30: structure of the nucleus.
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Functions of the Nucleus

1. It contains chromosomes which have DNA (hereditary material) for

the transmission of characteristics from one generation to another.

2. It controls the metabolic activities since DNA is organized into

genes which control all the activities of the cell.
3. Formation of the ribosomal RNA by nucleolus.
4. Nuclear division gives rise to cell division hence reproduction.

5. It carries the instructions for synthesis of proteins in the nuclear
DNA.
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Lysosomes

A simple spherical sac bounded by a single membrane and contains a
mixture of digestive enzymes such as protease, nuclease and lipase
which break down proteins, nucleic acids and lipids respectively
(Fig.31).

The enzymes contained within lysosomes are synthesized on rough

E.R and transported to the Golgi apparatus. Golgi vesicles containing

the processed enzymes later bud off to form the lysosomes.

In plant cells the large central vacuoles may act as lysosome although
bodies similar to the lysosome of animal cells sometimes seen in the

cytoplasm of plant cell.

Lysosome Structure

Single-Wall
Membrane

Enzyme
Complexes

Fig.31: Structure of lysosome.
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> Functions of Lysosome

1. Lysosomes contain digestive enzymes which are used in digestion of
reductant structure or damaged macromolecule from, within or outside
the cell by autolysis.

2.Lysosome destroys foreign particles such as bacteria by
phagocytosis.

3. It secretes the digestive enzymes.

4.Lysosomes play part in autophagy, autolysis, endocytosis and
exocytosis.

Autolysis is the self-digestion of a cell by releasing the contents of

lysosome within the cell. For this reason, lysosomes sometimes

called ‘suicide bags’ or ‘self-breaking down’.

Autophagy is the process by which unwanted structures within the cell

are engulfed and digested within lysosome.

Endocytosis occurs by an in folding or extension of the cell surface

membrane to form vesicles or vacuoles. It is of two types, these are:
Phagocytosis — ‘cell eating’. Material taken up is in solid form.
Pinocytosis — ‘cell drinking’. Material taken up is in liquid form.
Exocytosis is the process in which waste materials may be removed

from cells. It is the reverse of endocytosis.
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Peroxisomes or Microbodies

Peroxisomes or microbodies are spherical organelles bounded by a
single membrane commonly found in eukaryotic cells (Fig.33). They are
slightly smaller than mitochondria. They are believed to derive from

endoplasmic reticulum.

The peroxisomes are like the lysosomes containing the powerful
enzymes but the enzymes in peroxisome are oxidative rather than
digestive enzymes. e.g.. catalase which catalyzes the decomposition of
hydrogen peroxide to water and oxygen. Hydrogen peroxide as a
byproduct of certain cell oxidation reaction is very toxic and therefore

must be eliminated immediately.

In the liver cells contain large number of peroxisomes which are
involved in oxidative metabolic activities. In plants peroxisomes are site

of the glycolate cycle (photorespiration).

Peroxisomes reproduce by a process called peroxisomal biogenesis.
They have the ability to assemble themselves. Peroxisomes have
no DNA or ribosomes however, so they must take in proteins from the

cytosol.
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Anatomy of the Peroxisome

LIPID
BILAYER

PLASMA
MEMBRANE

Lipid
Bilayer

Urate Oxidase
Figure 1 Crystalline
Core

Fig.33: Structure of peroxisome.
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Centrioles

Centrioles are small hollow cylinders that occur in pair in most animal

cells, as it absent in a plant cell.

In  centrosome (poorly defined structure which initiates the
development of microtubules), the two centrioles lie right angle to each
other. Each contains a 9+3 pattern of microtubule triplets, i.e.: a ring

having nine sets of triplets with none in the middle (Fig.34).

Before an animal cell divides, the centrioles replicate, then each pair
becomes part of a separate centrisome. During cell division the
centrosomes move apart so that each new cell has its own centrosome.
Plant cells have the equivalent of a centrosome but it does not contain

centrioles.

Microtubule triplet

Fig.34: structure of a centriole.

The function of the centriole as microtubule organizing center is to

control separation of chromatids or chromosomes by a sliding motion.
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Cytoskeleton

The cytoskeleton is a network of fibers throughout the
cell's cytoplasm that helps the cell maintain its shape and gives support
to the cell. A variety of cellular organelles are held in place by the

cytoskeleton.

» Cytoskeleton: Distinquishing Characteristics

The cytoskeleton is a network of interconnected filaments and tubules
that extends from the nucleus to the plasma membrane in eukaryotic

cells.

The cytoskeleton is composed of at least three different types of
fibers: microtubules, microfilaments and intermediate filaments.
These types are distinguished by their size with microtubules being the

thickest and microfilaments being the thinnest (Fig. 35).

Microtubules are hollow rods functioning primarily to help support and
shape the cell and as "routes" along which organelles can move.

Microtubules are typically found in all eukaryotic cells.

Microfilaments or actin filaments are solid rods and are active
in muscle contraction. Microfilaments are particularly prevalent in muscle
cells but similar to microtubules, they are also typically found in all

eukaryotic cells.

Intermediate filaments can be abundant in many cells and provide
support for microfilaments and microtubules by holding them in place.

In addition to providing support for the cell, the cytoskeleton is also
involved in cellular motility and in moving vesicles within a cell, as well

as assisting in the formation of food vacuoles in the cell.
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Actin Filaments

Actin filaments or microfilaments are long extremely tin fibers that
occur in bundles meshlike network. It contains two chains of globular
actin monomers twisted about one another in a helical manner. It plays a
structural role and involved in the movement of the cell and its

organelles.

Intermediate Filaments

They are rope like assembly of fibrous polypeptides but specific types
varies according to the tissue. They are intermediate in size between the
actin filaments and microtubules.

Intermediate filament supports the nuclear envelope and plasma

membrane and takes part in the formation of cell to cell junction.

In the skin, the intermediate filament is made up of protein keratin

which gives mechanical strength to the skin cells.

Microtubules

Microtubules are straight un-branched hollow cylinders which are

usually short in length. They occur | most plant and animal cells.

Microtubules are involved in the movement of cytoplasmic
components within the cell. They also occur in centrioles, in the spindle,

in cilia and flagella and in the basal bodies.

Microtubules are made up of proteins. They help to maintain the

shape of the cell and act as routes along which organelles can move.
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Fig.35: Cytoskeleton elements.
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Cilia and Flagella

Flagella and cilia are organelles that project from the surface of cells
but are connected to a basal body just below the plasma membrane.
Flagella occur singly or in small number where as cilia occur in large
number on large cells and are typically shorter that flagella.
Simultaneously, flagella and cilia are almost identical and both are able

to move (Fig.36).

Flagella and cilia are enclosed to plasma membrane and internally
they consist of microtubules arranged in an outer ring of nine pairs

surrounding one central pair.

» Functions of Cilia and Flagella

1. They contain enzymes that produce energy to move a cell. e.g.:
sperm or a unicellular organism such as Chlamydomonous.

2. They propel fluids across cells, e.g.: the ciliated cells that move
mucus along the bronchial lining.

3. The energy is also used to acquire food, e.g.: feeding current
generated by paramecium in its oral groove.

4. They are used to sense the environment, e.g.: sensory hair cells.
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Cell division

Growth and development of every organism depends in most
instances upon multiplication and enlargement of its cells. Sexually
reproducing organisms also depend on cell division for gametes
formation Division of nucleate cells consists of two distinct but integrated
activities, nuclear division (karyokinesis) and cytoplasmic division
(cytokinesis). Two types of nuclear divisions, Mitosis and Meiosis, are
characteristic of most plant and animal cells. Mitosis is regularly
associated with nuclear division of vegetative or somatic cells and

meiosis is associated with formation of reproductive cells.

The Chromatin Material

The term chromatin received its nhame owing to the high tendency of
the chromatin material to stain with basic dyes. The chromatin material
acquires different shapes according to the stage of nuclear division in
the cell. When the cell is not dividing at the interphase stage, the
chromatin is diffusely distributed in the nucleus to form what is known as
the chromatin reticulum. When one looks carefully at the nucleus, two
types of chromatin can be observed as mention previously: (i)
euchromatin, which is threadlike, delicate, and most abundant in active,
transcribing cells and includes most of the active genes that are
transmitted through the different generations, and (ii) heterochromatin,
which is the condensed form of chromatin; it is seen as dense patches of
chromatin; sometimes it lines the nuclear enveloped. Heterochromatin is

considered transcriptionally inactive and genetically inert (Fig.37).
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Fig.37: Photograph illustrating part of the nucleus showing euchromatin and

heterochromatin as well as a pore in the nuclear envelope.

Mitosis

> Overview of Mitosis

1. Mitosis is characteristic cell division of all growing tissues in all
eukaryotes.

2. By this process a cell with its nucleus divide precisely into two

equivalent daughter cells.
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3. The process of mitosis serves the duplication of genes present on the

chromosomes.

4. Duplication of genes takes place before the cell division takes place

l.e. in the interphase stage.

5. The duplication of the chromosomes during the interphase stage is
the result of duplication of the main chemical constituent of the

chromosomes, particularly the DNA.

6. During mitosis, the duplicated chromosome number of the parent cell
Is halved in each daughter cell that contains the same number of
chromosomes so that the original diploid number is preserved.

The main stages of mitosis are similar in all plant and animal species,
from the least specialized to the most highly evolved forms. Although
mitosis is a continuous process it is usually divided into four stages,

these are prophase, metaphase, anaphase and telophase (Fig.38).

Prophase

During this stage the chromosomes (chromatin fibrils) progressively
shortened and thicken to form the individually recognizable, elongate,
longitudinally double structures randomly arranged chromosomes in the
nucleus. Each chromosome is composed of two chromatids that are
closely aligned together and somewhat coiled on themselves. The
tightening for these coils contributes in large part to the shortening and
thickening of the chromosomes. During the prophase; nucleolus
disappear and by the end of the prophase the nuclear membrane also
disappears. As the prophase progresses an important and often

conspicuous mitotic apparatus begins to form, this is the spindle fibers.
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By the end of prophase this structure occupies a large part of the cell
volume and extends nearly from one end of the cell to the other end.
The spindle fibers consist of slender microtubules arranged along the
long axis of the cell. As prophase progresses, the longitudinally double
chromosomes move in the direction of the midplane or equator of the
developing spindle. This is a period of time often referred to as
prometaphase or premetaphase. During this period the centromeres

connect themselves to the spindle fibers in the equatorial region.

Metaphase

Metaphase is the stage of mitosis in which the centromeres of the
longitudinally double chromosomes connected to the spindle fibres and
occupy the plane or the equator of the cell. During this stage the
chromatids of each chromosome are held together by chromatin fibres
connecting their centromeres. Although metaphase is a physically static
stage, biochemical changes may be occurring which lead, after a period
of time, to sudden termination of the metaphase and the initiation of
anaphase. During metaphase the chromosomes are at their shortest and

thickest state and polar view may permit their counting.

Anaphase

Anaphase is the stage during which the metaphase sister chromatids
are separated and passed as daughter chromosomes to the spindle
poles. It begins at the moment when the centromeres of each of the
sister chromatids become functionally double and ends with the arrival of
daughter chromosomes to the poles. Anaphase therefore accomplishes
the quantitatively equal distribution of chromosomal material to two

developing daughter nuclei. The most satisfactory explanation of the
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mechanism of anaphase movement lies in the ability of the centromers
to slide past the continuous spindle fibers, dragging their attached
daughter chromosomes with them. In the meantime the equatorial region
of the spindle itself begins to stretch and elongate; so that the distance

between the poles increases.

Telophase

The arrival of the daughter chromosomes to the spindle poles marks
the beginning of telophase. It is, in turn, terminated by the reorganization
of two new nuclei. In general terms it is believed that during telophase,
the events of prophase occur in reverse sequence. New nuclear
membranes are formed from materials which may be remnants of the
original membrane or derived from the endoplasmic reticulum or newly
synthesized from appropriate cell component. The mitotic apparatus
gradually disappears, the nucleoli are reformed and the chromosomes
resume their long, slender extended form as their coils and relax to form

chromatin reticulum.
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Fig.38: The stages of mitosis; photos are mitotic stages in Lilium regale.
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Cytokinesis

Cytokinesis takes place during telophase and accomplishes by the
formation of cell plate. It is formed by the formation of vesicles in the
midplane of the mitotic apparatus, starting at the middle of the spindle to
form a phragmoplast which gradually extend centrifugally dividing the
cytoplasm into two parts before the spindle disappears. The cell plate is
then converted into a middle lamella with new walls deposited between

the daughter cells on each side of the middle lamella.

Mitotic cell cycle

When somatic cells are grown, they establish a repeated pattern of
growth and duplication. The mitotic cycle consists of interphase, in which
the chromosomes are not visible and the division stage (mitosis).
Interphase is divided into three stages; the G1 stage, S-stage and G2-
stage (Fig.39).

The G1 stage

After mitosis interphase commences with a period referred to as the
first gap (G1 phase). During this stage chromosomes are fully extended
and the genes are active sending messages for new enzymes to carry
out the activities of the cell. G1 phase usually lasts from 10 to 24 hours,
but can vary from virtual non-existence to several days. After this period

DNA replication begins and the S-period starts.
The S-stage

This is a period during which DNA replication takes place and the
chromosome number is doubled; it lasts 5-10 hours. During S-period not

all growth stops because not all genes replicate at the same time. The
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protein component of the chromosomes is also duplicated so that at the
end of the S-stage each chromosome is double i.e., made of two

chromatids.
The G2 stage

This is a second gap period after replication. This stage lasts of about
4 hours and the genes are again fully functional. G2-period is followed
by the four mitotic stages; prophase, metaphase, anaphase and
telophase; during which duplicated chromosomes condense and the
identical halves (sister chromatids) separate equally into two daughter
nuclei. Mitosis usually lasts from 1-5 hours.
Cell cycle and the DNA C-value

Following mitosis the daughter cells enter the G1 period and have a
DNA content equivalent to 2C (Fig.40). All diploid organisms at this
stage contain 2C DNA content because the two homologous
chromosomes are present as single chromatids. During the S-stage the
DNA is doubled and during the G2, cells contain 2 times the amount of
DNA present in the original G1 cell (4C). Gametes are haploid and
therefore have half the DNA content (1C). Some tissue, like liver, and
many plants contains occasional cells that are polyploid and their nuclei
have a correspondingly higher DNA. Each species has a characteristic
content of DNA in the chromatids, which is constant and has thus been
called the C-value. Eukaryotes vary greatly in DNA content but always

contain much more DNA than prokaryotes.
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Fig.40: Diagrammatic representations of the changes in the C value during the stages of

the mitotic cell cycle.
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Meiosis
Studies from as long ago as last century; indicated that in the gametic
union (syngamy) the chromosomes contributed by each gamete retain
their separate identities in the zygote nucleus. The zygote therefore
contains twice as many chromosomes as does a gamete. This fact is
responsible for the occurrence in the diploid or 2n cells (the somatic

cells) of matched pairs of homologous chromosomes.

Meiosis results in the formation of haploid gametes. During meiosis,
homologous chromosomes replicate, then pair, then undergo two
divisions. As a consequence, each of the four cells resulting from the two
meiotic divisions receives one chromosome of each chromosome set.
The two nuclear division of a normal meiosis are called meiosis | and

meiosis Il.

Meiosis is quite similar to mitosis. However, two cell divisions take
place following one DNA replication step. Instead of having a pair of
genes (as in a diploid cell), there is only one copy of each gene (a
haploid cell). This one copy of genetic information is produced in
gametes of either sperm or eggs. Thus, only one copy of a gene is
passed on to each gamete. This process is the basis for all of Mendel's

laws.

During meiosis the nucleus of a diploid cell actually undergoes two
divisions which results in the production of four haploid daughter nuclei.
As in the cell cycle the chromatin has already been doubled in the
preceding interphase. Therefore two identical chromatids are attached
together at the centromere.
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Overview of meiosis

Prior to meiosis |, DNA replication occurs and each chromosome has
two sister chromatids. During meiosis |, homologous chromosomes pair,
l.e. come together and line up in synapsis. During synapsis the two sets
of paired chromosomes lay alongside each other as bivalents. While
paired up, the chromosomes exchange equal segments of genetic
material; this is called crossing over. After crossing over occurs, sister
chromatids are no longer identical. During Meiosis I, no replication of
DNA occurs between meiosis | and meiosis Il. During meiosis |l
centromeres divide and sister chromatids separate. Chromosomes in the
four daughter cells have only one chromatid; the following points are the
major highlights of meiosis.

1. Meiosis keeps the number of somatic chromosome constant across
generations.

2. Meiosis ensures that each gamete contains only one member of each
homologous pair.

3. Meiosis produces new combinations of genes through recombination
of two genomes.

4. Meiosis involves two nuclear divisions; it produces four haploid
daughter cells, each containing half the total number of
chromosomes as the diploid parent nucleus.

5. The two phases of meiosis are designated by roman numerals;

Meiosis | and Meiosis II.

Meiosis |I: The first meiotic division:

In this division the chromosome number is reduced from diploid to
haploid. It consists of four cytologically distinguishable stages: prophase

I, metaphase I, anaphase I, and telophase |. Prophase | begins after the

90




BOTANY (1)

chromosomes have already been replicated). In prophase | the
chromosomes shorten and thicken; they pair off, crossing over occurs,
the spindle apparatus forms, and the nuclear membrane and nucleolus
disappear. Prophase | is divided into five stages based on the behavior
of homologous pairs of chromosomes, and the occurrence of crossing-
over (Fig.41).

L eptotene (Leptonema)

In letoptene the chromosomes begin to coil; a key event in leptotene
Is pairing of homologous chromosomes; that is, loose alignment of

homologous region of the two chromosomes.

Zvgotene (Zygonema)

During this stage the homologous chromosomes come together and
become closely associated through their entire length. This process is
called pairing or synapsis. The pairing is very intimate and is not only
between homologous chromosomes as a whole but between strictly
homologous regions of the homologous chromosomes. Synapsis is
therefore important for determining the degree of resemblance between
the chromosomes of organisms brought together in a hybrid
combination. By the end of zygotene, synapsis is complete and in a
diploid organism all the chromosomes become associated in pairs
known as bivalents. There will be half as many bivalents as there were
chromosomes at leptotene. Once pairing has been completed, a most
significant event begins. Crossing over, the reciprocal exchange of
chromosomes segments at corresponding positions along pairs of
homologous chromosomes. If there are genetic differences between the
homologous chromosomes, crossing-over can produce new gene

combinations in a chromatid.
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Pachytene (Pachynema)

This stage begins as soon as the synapsis is complete. If parts of the
chromosomes are still unpaired they remain so. Pachytene is the longest
stage of first prophase of meiosis. During this stage the bivalents
condense by developing a complex spiral structure. They appear thick
and bivalent can be recognized as two chromosomes. The nucleoli are
seen at this stage attached to certain chromosomes at the nucleolar
organizer region. Pachytene bivalents are theoretically four stranded i.e.
they are formed of four parallel chromatids, but it is only at a latter stage
that quadripartite structure is visible. The split which separates the two
chromatids of each chromosome never appears until the very end of
pachytene. Pachytene is terminated when the paired chromosomes start

to separate.

Diplotene (Diplonema)

As soon as the paired homologous chromosomes begin to separate
diplotene is said to have begun. They separate completely from one
another except in some places in each bivalent where non sister
chromatids are associated. Each of these configurations is known as
chiasma. Because the sister chromatids of any chromosome do not
separate latterly to any great extent the chiasma is a point of chromatin
exchange that also helps to preserve the bivalent structure. Chiasmata
are the cytological expression of genetic crossing over. During diplotene
the chromosomes are still actively shortening and their coiled nature is

apparent.
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Diakinesis

The distinction between dipiotene and diakinesis may not be a sharp
one. The transition to diakinesis involves a gradual thickening and
shortening of the chromosomes. The chiasmata rotate relative to one
another through 900 from thee plane of the early diplotene bivalent. As
the process of rotation is occurring there is in some plants and animals,
a tendency for the chiasmata or some of them, to slip along towards the
ends of the bivalents. This process of terminalization is far from
universal. As a result of this process the chiasmata may actually reach
the end of the bivalent. Diakinesis is also characterized by the
disappearance of detachment of the nucleolus from its associated
chromosomes and by the even distribution of bivalents throughout the

nucleus.

Metaphase 1

After the breakdown of the nuclear membrane and the formation of the
spindle fibres the bivalents attach themselves to the spindle fibres; the
two centromeres of each bivalent become located on opposite sides of
the equatorial plane one above and one below it. This is an essential
difference between the first meiotic division and the ordinary mitosis,
where the centromeres are oriented exactly on the equator, connected
by spindle fibers toboth poles. The distance between homologous
centromeres of each bivalent is regulated by the position of the nearest
chiasma to the centromere. If there is a chiasma near the centromere on
both sides they will lie near one another, one tightly below and one
slightly above the equator. Like metaphase of mitosis metaphase | of
meiosis is a relatively static stage. During this stage the chromosomes

reach their maximum condensation.

93




BOTANY (1)

Anaphase 1

The movement of chromosomes form the metaphase plate to the
poles constitutes anaphase. A characteristic feature of anaphase 1 is
that the two centromeres of the bivalent do not divide. Instead each
whole centromere moves towards the nearest pole dragging after it the
two chromatids attached to it. Each anaphase group, therefore, is made
of a haploid number of chromosomes instead of a diploid number of
chromatids. It is by this way that a reduction in chromosome number
results from the first meiotic division. The chromosomes which are
separated at anaphase | are not genetically the same maternal
chromosomes that came together during synapsis because they have
changed segments of their length by crossing over, so that the actual
chromosomes which are separated at anaphase | have new

combinations of genes.

Telophase 1

The telophase of the first meiotic division does not differ essentially from
the chromosomes of mitosis. However, the chromatids of each
chromosome are widely separated. During telophase [, in most
organisms, the nuclear membrane is reformed and a regrouping of the
coiled structure of the chromosomes takes place.

Cytokinesis may or may not occur after meiosis I. In some plants such
as maize the two telophase nuclei pass into a definite interchange stage
(interkinesis) between the two meiotic divisions. In other organisms, e.g.
Trilliun the telophase nuclei pass directly into the prophase of the

second meiotic division.
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Second meiotic division (Meiosis 1)

This division is essentially the same as mitosis and is comprised from
the basic stages of mitotic division that may be described as follows and

its stages are illustrated in Fig.42.

Prophase Il

Nuclear envelope and nucleolus disappear and chromatin condenses

into chromosomes.

Metaphase |l

Spindle fibers form and attaches to centromere. Chromosomes, each
consisting of two sister chromatids, line up with their centromeres on the

metaphase plate.

Anaphase Il:

Centromeres separate and daughter chromosomes move towards the

poles of the cell.

Telophase Il

Chromosomes decondense, nuclear envelope and nucleolus reform and
cytokinesis produces four daughter cells.

Meiosis Il is basically a mitotic division. The prophase is always short
and does not involve any of the complications which occur in the
prophase of the first meiotic division. The spindle fibers of the second
meiotic division are rapidly formed and the metaphase stage is reached.
There are four differences which distinguish the second meiotic division
from a mitotic division.

1. The number of chromosomes is half the somatic number.

2. No period of DNA synthesis precedes the division.
3. The chromatids are widely separated being held together at the
centromere and not throughout their length as at mitosis.
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4. Each chromatid might be quite different genetically from its condition

at the initiation of the meiotic process.
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Fig.42: Photographs and diagrammatic illustrations of the stages of Meiosis II.
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Part 2. Plant Morphology

What is Plant Morphology?

The expression “Morphology” is derived from two Latin words (Morphe = form + logos =

study). It deals with the study of forms and features of different plant organs like roots,

stems, leaves, flowers, seeds, fruits,.

... etc.

NG

Al .
{ > €«——— Flower

N 'g! ‘W

|
-
' A

Shoot
system
Be———p Primary
S root Root
\v\ <« Secondary |system
root

Parts of a flowering plant

Shape (1): Entire plant body

The body of a typical angiospermic plant (shape 1) is differentiated into:

e An underground root system

e An aerial shoot system.

The shoot system consists of stem (including branches), leaves, flowers and fruits.
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The roots, stems and leaves are vegetative parts, while flowers constitute the reproductive

part.

Adaptation: Any alteration in the structure or function of an organism or any of its part that
results from natural selection and by which the organism becomes better fitted to survive

and multiply in its environment.

SEEDS

A seed (mature ovule) is a miniature plant with a protective cover in a suspended state of
development.

Most seeds contain a built-in food supply called endosperm. The endosperm can be made
up of proteins, carbohydrates, or fats

Function

Propagation
Feed
Horticultural uses
Food

Oil

a r w D oe

The seeds for new life are found inside fruit. They contain everything necessary for the

growth and development of a new plant.

The three primary parts of a seed are the embryo, endosperm, and seed coat. The embryo
is the young multicellular organism before it emerges from the seed. The endosperm is a
source of stored food, consisting primarily of starches. The seed coat consists of one or

more protective layers that encase the seed.

A seed begins to form an embryo following fertilization and the start of a zygote. The initial
division of the zygote results in two cells. The bottom cell develops into a multicellular
structure, called the suspensor. It is involved in nutrient uptake from the endosperm and

anchors the embryo. The top cell develops into the embryo.

The mature embryo consists of an embryonic root known as the radicle, an embryonic shoot

known as the plumule, and one or two cotyledons.
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The plumule has two main parts, the epicotyl and the hypocotyl. The epicotyl is the portion of
the embryonic stem above the point at which the stem is attached to the cotyledon(s). The
hypocotyl is the portion below the point of attachment which connected to the radicle.

The cotyledon is described as a seed leaf that stores food in the form of starch and protein

for use by the embryo.

An embryo of a monocotyledon (monocot) plant has one cotyledon, while that of a

dicotyledon (dicot) plant has two cotyledons.

The seed is encased in a protective seed coat. It protects the embryo and the endosperm
from drying and from physical injury. A scar can be seen at the end or along the side of the
seed coat. It is called the hilum. The hilum marks the point of attachment of the seed to the
ovary wall. The seed coat has a tiny opening, sometimes visible near the hilum, called the

micropyle.
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SEED GERMINATION

Germination is defined as the emergence and development from the seed embryo of
those essential structures which indicates its ability to produce a normal plant under
favorable conditions.

Every seed consists of three essential parts. 1) An embryo, which will give rise to the new
plant. 2) Storage tissues which contain the substances which will nourish the embryo during
its development prior germination. 3) a protective covering or seed coat which shields the
embryo and endosperm and may also play an important part in controlling factors which
initiate germination of the seed, in particularly entry of moisture and gaseous exchange.

1. Embryo: the embryo consists of two important parts, the radicle and plumule which
may emerge at different times in different species.

2. Endosperm: the endosperm provides food for the development of the seedling. The
storage tissue may be a large (or small) mass adjacent to the embryo as in the
grasses or it may be in the cotyledons of the embryo as in the legumes. The amount
of endosperm varies widely with different kinds of seed.

3. Seed coat: consists of one to several layers of different constituents.

Seed germination depends on both internal and external conditions. The most important
external factors include right temperature, water, oxygen or air and sometimes light or

darkness. Various plants require different variables for successful seed germination.

Water is required for germination. Mature seeds are often extremely dry and need to take

in significant amounts of water. Most seeds need enough water to moisten the seeds but not
enough to soak them. The uptake of water by seeds is called imbibition, which leads to the
swelling and the breaking of the seed coat. When seeds are formed, most plants store a
food reserve with the seed, such as starch, proteins, or oils. This food reserve provides
nourishment to the growing embryo. When the seed imbibes water, hydrolytic enzymes are
activated which break down these stored food resources into metabolically useful chemicals.
After the seedling emerges from the seed coat and starts growing roots and leaves, the
seedling's food reserves are typically exhausted; at this point photosynthesis provides the
energy needed for continued growth and the seedling now requires a continuous supply of

water, nutrients, and light.

Oxygen is required by the germinating seed for metabolism. Oxygen is used in aerobic

respiration, the main source of the seedling's energy until it grows leaves. Oxygen is an
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atmospheric_gas that is found in soil pore spaces; if a seed is buried too deeply within the
soil or the soil is waterlogged, the seed can be oxygen starved. Some seeds have
impermeable seed coats that prevent oxygen from entering the seed, causing a type of
physical dormancy which is broken when the seed coat is worn away enough to allow gas

exchange and water uptake from the environment.

Temperature affects cellular metabolic and growth rates. Seeds from different species

and even seeds from the same plant germinate over a wide range of temperatures. Seeds
often have a temperature range within which they will germinate, and they will not do so
above or below this range. Many seeds germinate at temperatures slightly above 60-75 F
(16-24 C), while others germinate just above freezing and others germinate only in response
to alternations in temperature between warm and cool. Some seeds germinate when the soil
is cool 28-40 F (-2 - 4 C), and some when the soil is warm 76-90 F (24-32 C). Some seeds
require exposure to cold temperatures to break dormancy.

Light or darkness. Most seeds are not affected by light or darkness, but many seeds,

including species found in forest settings, will not germinate until an opening in the canopy

allows sufficient light for growth of the seedling

Types of germination

Epigeal Germination:

Epigeal germination is characteristic of bean and pine seeds and is considered evolutionarily
more primitive than hypogeal germination. During germination, the cotyledons are raised
above the ground where they continue to provide nutritive support to the growing points.
During root establishment, the hypocotyls begin to elongate in an arch that breaks through
the sail, pulling the cotyledon and the enclosed plumule though the ground and projecting
them into the air. Afterwards, the cotyledons open, plumule growth continues and the

cotyledons wither and fall to the ground (shape 2).

Hypogeal Germination:

Hypogeal germination is characteristic of pea seeds, all grasses such as corn, and many
other species. During germination, the cotyledons or comparable storage organs remain

beneath the soil while the plumule pushes upward and emerges above the ground. In
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hypogeal germination, the epicotyl is the rapidly elongating structure. Regardless of their
above-ground or below-ground locations, the cotyledons or comparable storage organs

continue to provide nutritive support to the growing points throughout germination.

coleoptyl

radicle

(b)

Hypogeal

Epicotyl

Cotyledon

Shape (2): hypogeal germination (a, b) and epigeal germination (c)

Seed Growth and Development Terms
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Dormancy
State of suspended growth to survive adverse conditions and aid in dispersion
Seed coat dormancy

When the seed coat is impermeable to water and gases (oxygen). It requires action by
weathering, microorganisms, passage through an animal's digestive track, or fire to soften
the seed coat.

Embryo dormancy

This is due to physiological conditions or germination blocks in the embryo itself. It requires
a specific period of cold (or heat) with available moisture and oxygen. Embryo dormancy is

common in woody plants.

Double dormancy

Condition of both seed coat and embryo dormancy
Chemical inhibitor dormancy

Seed contains some type of chemical that blocks germination. Many desert plants contain

chemical germination inhibitors that are leached out in a soaking rain.
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ROOT MORPHOLOGY

Radicle comes out/arise from the seed coat in the form of soft structure and move toward the

soil. It develops and forms primary root.

GENERAL CHARACTERS

¢ Roots are non-green, underground, (+) geotropic, (-) phototropic and (+) hydrotropic.

e Roots do not bear buds.

e Buds present for vegetative propagation in sweet potato (Ipomea) and Indian red wood
(Dalbergia)

e Roots do not bear nodes and internodes.

e Roots have unicellular root hairs.

FUNCTIONS OF ROOT

¢ Roots support the plant by keeping it fixed firmly in the soil.
e Absorption of water and minerals

e Storage of food

e Conduction of water

¢ Photosynthesis and respiration

e Climbing

e Roots hold the soil particles together.

REGIONS OF ROOTS

Morphologically 4 distinct regions are present in roots (Shape 3):

Root cap (calyptra)

Root is covered at the apex by a coat called calyptra (cap). It protects root apex.
Meristematic zone

Cells of these regions are very small, thin walled and filled with cytoplasm. They divide

repeatedly to increase cell number and formation of new tissues.
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\ Region of
f maturation

| Region of
( elongation

! } Region of
’ meristematic
activity

The regions of the root-tip

Shape (3): Root regions
Elongation region

The cells proximal to meristematic zone undergo rapid elongation and enlargement and are

responsible for rapid growth of roots.
Maturation region

Cells proximal to region of elongation gradually differentiate and mature. Root hairs are

present in maturation zone.

TYPES OF ROOTS

Roots are of two types: Tap root and adventitious root

Tap root

It develops from radicle and made up of one main branch and other sub branches.

The primary roots and its branches constitute tap root system. e.g. Dicot roots (Shape 4).
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Radicle

Lateral roots

Adventitious root
Fibrous root system

Tap root system

Shape (4): Radicle, Tap root, adventitious root

Adventitious roots

In some plants, after sometime of the growth of tap root which arises from radicle,
stops and then roots, develop from other part of plant, which are branched or unbranched,
fibrous or storage, are known as adventitious roots and constitute adventitious root system.

e.g. Monocot roots.

MODIFICATION OF ROOTS

1. Modified tap root for storage (Shape 5):
a. Fusiform roots: These roots are thicker in the middle and tappered on both ends.
This type of roots helps in storage of food. eg. Radish.
b. Conical roots: These roots are thicker at their upper side and tapering at basal
end. eg. Carrot.
c. Napiform roots: These roots become swollen and spherical at upper end and
tappered like a thread at their lower end. eg. Turnip (Brassica rapa), Sugarbeet
2. Nodulated tap root: Nodules are formed on branches of roots by nitrogen fixing

bacteria, (Rhizobium). eg, Plants of leguminosae family (Papilionacae) — Pea.
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Fusiform - Radish  Ngpiform - Beetroot
Conical - Carrot -

Primary

Root
Secondary

Nodulated root of legume

Shape (5): Modified tap roots (storage, nodulated)

Modification of adventitious roots:

1. Storage adventitious roots:

I.  Tuberous root: When food is stored in these roots, they become swollen and
form a bunch. eg. Sweet potato (Ipomea batata) (Shape 6)
ii. Fasciculated: Roots arise in bunch (cluster) from lower node of the stem and
become fleshy eg. Dahlia, Asparagus.
2. Prop root: when root arises from branches of plant and grows downward towards soil.
It functions as supporting stem for the plant. eg. Banyan, Maize (Shape 7)
3. Respiratory roots: Halophyte or mangrove grows in oxygen deficient marshy area.
Some roots in these plants grow vertically & come out from soil. These roots are called
pneumatophores through which air entered inside the plant. eg. Rhizophora,

Heritiera, Sonaratia and other mangrove plant.
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Tuberous - Sweet Potato

Fasciculated - Dahlia

I

Shape (6): tuberous and fasciculated roots

4. Climbing roots: These roots arise from nodes and help the plant in climbing. eg.
Money plant (Pothos), Betel, Black pepper, Techoma.

5. Foliar roots or Epiphyllous roots — When roots arise from leaf they are called as
foliar roots. eg. Bryophyllum, Bignonia.

6. Sucking or haustorial roots or parasitic roots: In parasitic plant roots enter in the
stem of host plant to absorbed nutrition from host. eg. Cuscuta, Viscum.

7. Hygroscopic roots: These are found in epiphytes, especially in orchids and help in
absorption of moisture from the atmosphere using special tissue called velamen. eg.
Orchids, Banda
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Shape (7): prop roots

8. Contractile roots: They shrink 60 — 70% of the original length and bring underground
organ at proper depth in the soil e.g., corm of Crocus (saffron), Fresia.

9. Reproductive roots: These are fleshy, adventitious roots used for vegetative
reproduction e.g., sweet potato (Ipomea batata), Dahlia.
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Shape (8): parasitic roots and climbing roots

Shape (9): (a) respiratory roots and (b) contractile roots
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STEM MORPHOLOGY

The term shoots is often confused with stems; shoots generally refer to new fresh plant
growth and does include stems but also to other structures like leaves or flowers. It develops
from the plumule of embryo.

A stem is one of two main structural axes of a vascular plant. The stem is normally divided
into nodes and internodes, the nodes are the regions of the primary stem where leaves and
buds arise. The number of leaves at a node is usually specific for each plant species. The
other main structural axis of plants is the root.

In most plants stems are located above the soil surface but some plants have underground
stems.

Characteristics of Stem:

¢ Grows positively phototropic and negatively geotropic

e Growth of stem is maintained by apical bud.

e Stem is divisible into nodes and internodes.

e Leaves are developed on the stem at nodes.

e The upper angle between the leaf and stem is called axil,
e The axillary buds developed in the axis produce branches.

e Young stems are green and woody stems are brown in colour
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Entire Plant

Shoot
system
Stem
Primary
Root Root =

System  gecofdary

Root

Shape (10): Shoot system component

Stems have four main functions which are:-

1. Keep the leaves in the light and provide a place for the plant to keep its flowers and
fruits.
Transport of fluids between the roots and the shoots.
Storage of nutrients.
Production of new living tissue. Stems have cells called meristems that annually

generate new living tissue.

While most stems are erect, aerial structures, some remain underground, others lie prostrate
on the surface of the ground, and still others are so short and inconspicuous that the plants

are said to be stemless. There are some specialized terms for stems:-

Acaulescent - used to describe stems in plants that appear to be stemless. Actually these

stems are just extremely short, the leaves appearing to rise directly out of the ground (Viola).
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Pseudostem - A false stem made of the rolled bases of leaves, which may be 2 or 3 m tall

(banana).

Cladophyll - a flattened stem that appears leaf like and is specialized for photosynthesis

(Cactus).

Shape (11): (A) acaulescent, (B) cladophyll, (C) pseudostem

Buds

Bud is an embryonic shoot with immature stem tip. Buds may be classified and described

according to different criteria: location, status, morphology, function.

Types of buds according to location:-

1. Terminal, located at tip of a stem (apical is equivalent but rather reserved for the one

at the plant top).
2. Axillary, located in axil of a leaf (lateral is equivalent but some adventitious buds

may be lateral too).
3. Adventitious, when occurring elsewhere, for example on trunk, leaves or on roots.
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terminal bud

. Terminal bud
axillary bud —

Lateral bud

Shape (12): Buds, terminal and axillary

Types of buds according to status:-

1. Accessory, for secondary buds formed besides a principal bud (axillary or terminal).

2. Dormant, for buds whose growth has been delayed for a rather long time; the term is
usable as a synonym of resting, but is rather employed for buds waiting undeveloped
for years.

3. Pseudoterminal, for an axillary bud taking over the function of a terminal bud when
dies (beech).

Adventitious buds

Accessory buds

Axillary bud

Shape (13): Buds, adventitious and accessory
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Types of buds according to morphology:-

1. Scaly (winter), brown scales (are in fact transformed reduced leaves) cover and

protect embryonic parts. Present in deciduous plants (Vitis)
2. Naked (summer), when not covered by scales. Present in herbaceous and

evergreen plants (Duranta).
3. Hairy, protected by hairs (apply either to scaly or to naked buds).

Types of buds according to function-

1. Vegetative, if only containing vegetative pieces: embryonic shoot with leaves (a leaf
bud is the same).
Reproductive, if containing embryonic flower(s)
Mixed, if containing both embryonic leaves and flowers.

Plant branching

The large and conspicuous stems of trees and shrubs assume a wide variety of distinctive
forms. Columnar stems are basically unbranched and form a terminal leaf cluster, as in

palms, or lack obvious leaves, as in cacti.

Branching stems have been classified either as excurrent, when there is a central trunk and
a conical leaf crown, as in Pinus or as decurrent, when the trunk quickly divides up into

many separate axes so that the crown lacks a central trunk.
There are two types of branching;-

1. Apical (dichotomous) branching: A simple type of branching in plants where the
apical bud splits or bifurcates at various intervals. Two equal branches are formed.
By repetition of this type of branching in various plants distinctive shoot systems may

be produced (Hyphaena).
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Shape (14): Apical (dichotomous) branching in Hyphaena

2. Axillary (Lateral) branching: the axillary buds are normally present in the axils of
the leaves and grow to give lateral branches. There are two main types (monopodial
and sympodial).

A. Monopodial branching: occurs when the terminal bud continues to grow as a

central leader shoot and the lateral branches remain subordinate. This pattern
shows one main shoot with lateral branches emerging from it (Christmas tree,
Casuarina).

B. Sympodial branching: occurs when the apical bud either died or is differentiated

into a flower, a thorn or a tendril and thus lost its ability to grow. One or more

axillary buds grow out (Vitis).
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Shape (15): Monopodial branching

J

Shape (16): types of stem branching
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Shape (17): sympodial branching in Cyndon

Type of Stems

There are different sorts of aerial stems or stems that are upright. They include tendrils,
runners and thorns. Succulents are plants with bigger fleshy stems that help plants retain
water in dry areas. Some stems are underground such as bulbs and tubers. There are also

stems that cannot hold themselves up but need to be supported.

A. Plant structure: there are two main types:-

1. Woody plant: is a perennial tree or shrub. The stem remains above ground during
the winter. A woody stem also develops secondary tissue and increases in stem
diameter. About 50% of the plants in the world are woody plants. Woody perennials
can be divided into:

a. Arborescent: tree-like in size, usually with a single main trunk or stem.

b. Shrubby or fruticose: Woody throughout and large, usually with several main

stems.

2. Herbaceous plants: have no persistent woody stem above ground. Herbaceous
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plants are often divided into 3 types:

a. Annuals: Plants that complete their life cycle in one year. They grow from seed;
produce foliage, flower, fruits and seed in one season.

b. Biennials: Plants that live for two years from seed. They flower only or mostly in
the second year (Althea rosea).

c. Perennials: Plants that live for 3 years or more. Some perennials are short lived;

others will grow well for many years.

B. Growth pattern: there are two main types

1. Erect stems: These are strong stems having a vertical or upright habit.

2. Weak stems: These are thin, delicate and slender and cannot stand erect. These

need mechanical support to expose their leaves to the sun. They are of following

types:

a. Trailers: These stems after trailing for some distance lift its apex that bears
flowers (Euphorbia, Portulaca).

b. Prostrate: These weak stems lie horizontal on the ground and having one root
system (Cucurbita).

c. Creepers /Runners: branches originate from the main plant in all directions. From

parent plant daughter plants are produced. After growing for some time, the
daughter plant is separated from the mother plant. In most plants vegetative
propagation takes place. Only the mother plants contain true roots the daughter
plants contain adventitious roots (Strawberry).

Green Leaf Scale Leaf

= Fibrous
Adventitious Roots

P Fibrous 4

Runner Adventitious Roots

Runner of Grass

Runner of Centello astatico

Shape (18): runners
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d. Stolons: These develop from underground stems. They resemble runners except

that they are produced just below the soil (Cyperus, Colocasia, Jasmine).

Leaflets

~ Stolon Aerial
Adventitious Leaves
Roofts Corm
Strawberry Colocasia

Shape (19): stolons

e. Twiners: The weak stem of these plants have the habit of twining around
supports without any special organs for attachment (Convolvulus, Phaseolus)

Shape (20): twiners

f. Climbers — Plants are with long weak stem and have organs of attachment to
climb the object. They may be of following type:
e Rootlet climbers — Roots produced at nodes help in climbing e.g.,
Tecoma, Pothos, Piper betal.
e Hook climbers — In Bougainvillea, Duranta and Carrisa, the thron is
modification of axillary vegetative bud which helps in climbing. In
Bignonia, terminal leaflet is converted into hook.
e Tendril climbers: Tendrils are thread like structure which helps the plants

in climbing. Tendrils are modifications of:

K/

% Entire leaf e.g. Lathyrus sativus.
« Leaflet e.g. Pisum sativum
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« Petiole e.g. Clematis, Nepenthes.
< Stipule e.g. Smilex.
% Stem e.g., Vitis (grapevines).

*,

Shape (21): tendril climber
2. Underground Stems

Some plants develop non-green, underground, perennial stems for the purpose of
perennation and food storage. During unfavorable period the aerial plant dies but these stem
survives. Under favorable period they give out aerial shoots. They differ from roots in:

a) Presence of nodes and internodes.
b) Presence of scale leaves and adventitious roots.
c) Presence of axillary and terminal buds.

d) Presence of exogenous branches.

Types of underground stems are:

() Sucker. It is a modified underground runner and originates from underground axillary bud.
It grows obliquely underground for some time and then grows upwards When it comes up a

new plant is formed (Mentha, Chrysanthemum).
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Shape (22): Sucker

(i) Rhizome. It is a prostrate, underground stem provided with distinct nodes and internodes,

scaly leaves at nodes, axillary as well as terminal buds. These buds in favorable conditions

give rise to aerial shoots which derive nourishment from them (Canna, Cynodon).

(i) Tuber. These are swollen ends of underground branches which store food. It has distinct

notches called eyes which represent nodes. Axillary buds are present which give rise to

new shoots e.g. Potato (Solanum tuberosum).

Eyes are protected by scale leaves; eyes can be used as a means of vegetative

reproduction. Seed are not used as they have less food and those plants which grow are

weak.

RHIZOME

Shape (23): Rhizome
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Scar of scale leaf Germinating eye bud

Apex
Base of scape

Scar of stem
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Axillary bud Eve

Fig. 4.6. (/) Tuber of Potato
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ke Scale leaf
,Scale leaf - Corn
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Adventitious root

Fig. 4.6. (i)) Rhizome of Ginger Fig. 4.6. (iv) Corm of Colocasia

Shape (24): Tuber, Bulb, Corm and Rhizome

(iv) Bulb: It is highly reduced and discoid underground stem bearing a large number of scaly
leaves. In the center lie terminal buds which give rise to aerial flowering shoots. Stem is
covered by numerous thickened overlapping leaves usually called scale (Onion, Tulip).

(v) Corm: a short enlarged underground, storage stem. They are swollen up structures,
axillary buds are present. Internodes are present but not identified. Scale leaves are
around axillary bud. Contractile roots are present to fix stem into the ground. Axillary buds

develop into a new corm (Colocasia).

Modification of stems:

There are many stem variations in plants. Some variations are forms of food, such as
potatoes and asparagus. Others are forms sold in dormant condition for introduction into the
landscape as new plants, such as dahlia tubers and tulip bulbs. The runners of strawberries

(stolon) used for propagation. Rhizomes, such as Cynodon allow spreading of plants.

In some plants the aerial stem is modified to perform a variety of special functions. The

aerial stem modifications are as follows:

1- Modification of stem into tendril:
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These are leafless, spirally coiled branches. They help the weak stems to climb up. It can be

modification of an axillary bud (Passiflora) or modification of terminal bud (Grape vine).
2- Modification of stem into thorn:

The thorn is a hard and straight structure. In Bougainvillea and Duranta, the axillary bud is
modified into a thorn. In Carissa the terminal bud is modified into a pair of thorns. The thorn
sometimes bears leaves, flowers and fruits as seen in Duranta and Citrus. The thorns not

only reduce the rate of transpiration but also protect the plants from herbivore grazing.

Shape (25): stem modified into tendril

Thorns
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Shape (26): stem modified into thorn

3- Modification of stem into phylloclade:

A phylloclade is a flattened stem of several internodes functioning as a leaf. In
Opuntia, the stem is modified into a green flattened structure called Phylloclade. On the
surface of the phylloclade, clusters of spines are formed. These spines are the modified
leaves of the axillary bud. These spines not only check the rate of transpiration but also
protect the plant from herbivores. The phylloclade has distinct nodes and internodes.

growing
point

leaflets of

compound
\ leaf
flattened

flattened

suc culy
stem

petiole (phyllode)

Fhyllode and Phylloclades

Shape (27): phylloclades
4- Modification of stem into Cladode:

Phylloclade usually having one or two internode long & succulent is called cladode, e.g.,
Asparagus, Ruscus.

5- Modification of stem into storage structure
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Most plants have stems that are adapted to store some food but in some which are

highly modified, such as tubers (potato), bulbs (onion) and corms (tulip, Colocasia), food
storage is a major function.

Shape (28): Cladode
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LEAF MORPHOLOGY

Generally leaf is a lateral flattened structure borne on the stem. The leaves develop
from the nodes. Their main function is photosynthesis; they take in carbon dioxide from the
atmosphere and give off oxygen. Leaves also carry on respiration; take in oxygen and give
off carbon dioxide. Another activity of leaves is transpiration; the giving off a water vapor.
Some leaves storage water and often food material, such leaves being thick and fleshy.

Some leaves are also specialized for many other functions.

LEAF PART NAMES

Shape (29): plant leaf parts

Parts of the leaf

Most leaves are differentiated into three parts (base, petiole and blade). The base is

the lower part of the leaf and the blade is a thin, flat, expanded structure.

Leaf characteristics

Petiole

The petiole is stalk-like part which supports the blade and places if in a favorable position

with respect to light. There are two types of leaves according to the presence of petiole:

o Petiolate leaf with a petiole.

e Sessile leaf: without petiole, blade attached directly to stem.
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Shape (31): petiolate leaves

Stipules

In many plants, mainly among dicotyledons, the leaf may possess one or more
commonly, two stipules. A stipule is an outgrowth of the lower zone of a young leaf, part of
the leaf base.

There are two types of leaves according to their stipules:

a. Exstipulate leaf: have no stipules.

b. Stipulate leaf: with one or more Stipules. There are a number of interesting functions

demonstrated for stipules:-

1. Tendrillar_stipules: stipules are modified into tendrils which help plants in

climbing (e.g., Smilax).

2. Spinous_stipules: stipules are modified into hard spines which prevent the

plants from being eaten by animals (e.g., Mimosa)

3. Foliaceous stipules: these are large leaf-like stipules which synthesize food

material (e.g., Pisum, Lathyrus).
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Hairy stipules: these are hair-like or filamentous (e.g., Corchorus)

Adnate stipules: these attach themselves to the petiole for a short distance by

their inner margins (e.g., Rosa).
6. Protective scales: these are two scaly stipules enclosing the bud and becoming
convolute in shape. When the leaves unfold, these scaly stipules fall off (e.g.,

Ficus).

)
% om TENORIL

St p B .

Shape (32): stipules; (1) Spinous, (2) adnate, (3) Tendrillar, (4) Foliaceous

Leaf arrangement on a stem

Leaf arrangement on a stem is commonly used to help identify a plant. There are

three basic types of leaf arrangement:

< Alternate leaves are arranged in an alternating pattern on the stem (one leaf at each

node).

< opposite leaves are attached to the stem across from each other (two leaves at each

node).

« Whorled leaves are arranged in circles around the stem

130




BOTANY (1)

Alternate Opposite Whorled

Shape (33): Leaf arrangement on stem

Simple and Compound Leaves

1- Simple leaf: lamina (leaf blade) is not split up into distinct leaflets. It may be entire as in

Mango or lobed as in Cotton.

2- Compound leaf: lamina is split into a number of separate parts called leaflets. Leaflets

resemble in many respects simple leaves. An axillary bud is present in the axil of a simple

or a compound leaf, but it does not occur in the axil of the leaflet of a compound leaf.

There are two types of compound leaves, namely, pinnate and palmate the leaflets in
pinnately compound leaves arise from either side of an axis called the rachis. Each leaflet is
known as a pinna. If the pinnae are divided the secondary divisions are known as pinnules

and the leaf is known as bipinnate leaf.

When the pinnate leaf terminates with a single leaflet it is called is imparipinnate
(odd pinnate) leaf. Paripinnate (even pinnate) leaf is a pinnately leaf with pair terminal

leaflets.

The leaflets in palmately compound leaves originate at the tip of the petiole and lack the
rachis. When two leaflets arise from the tip of petiole it is called bifoliate. Trifoliate leaves

have leaflets arranged in threes.
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leaflet

Pinnately compound Palmately compound

Shape (34): compound leaves

The compound leaf often is mistaken for a stem bearing leaves. The following points help in

differentiation:

e Compound leaf has no apical bud.
e Ithas abud in its axil and does not arise in the axil of a leaf

o Leaflets have no axillary buds.

Venation

The venation is the system of veins that extends from the petiole to all parts of the
blade. The veins are extensions of the vascular system of the stem. They serve in the
transport of water and dissolved substances that pass into and out of the leaf. Leaves
display two types of venation:

1 - Reticulate (net) venation:

The veins form an easily recognizable network. Larger veins giving rise to smaller
and smaller branches that finally end freely in the green tissue-There are two types namely
pinnate (Duranta) and palmate (Vitis). Net-veined leaves are found principally among the

dicotyledons.

2- Parallel venation:

The veins run parallel to one another. Veins are approximately of the same size and
do not form a network. They occur chiefly among the monocotyledons, there are two types of

parallel venation:
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PARALLEL PINNATE RETICULATE

Shape (35): leaf venation

a. Longitudinal venation: Veins run generally from the base through the blade to the apex

(wheat, Zea mays).

b. Transverse venation: Veins run from a central strand of veins to the blade margin

(canna, banana)

Lamina (blade) shape

The form or outline of the leaf blade is constant for a particular species and varies for

different plants. The different forms are described by various terms such as:

1.
2
3
4
5.
6
7
8
9

10.
11.
12.

Acicular: needle shaped (Pinus)
Tubular: hollow tube (Allium cepa)

. Linear: elongate shape (grasses)
. Lanceolate: elongated, gradually tapering towards base and apex (Salix)

Ovate: oval shape (Ficus bengalensis)

. Cordate: heart-shaped with point end at the apex (Ipomea)

Sagittate: arrow shape with the basal lobes downwards (Polygonum)

. Spathulate: A spoon-shaped, has a rounded top and a tapering base

Peltate: round and the petiole emerge from the lower surface and not from the base of
lamina (Tropaeolum).

Deltoid: triangular in outline, suggesting a capital delta.

Oblong: elongated, non-lobed leaf, long is twice as wide

Reniform: leaf blade is shaped like a kidney

13. Elliptical: A narrow oval, it is boarder in center than ends.

14.
15.

Obovate: An egg-shaped blade, broader at the top than the base.

Hastate: An arrow-shaped leaf with lobes that point outward.
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OVATE RENIFORM RUNCINATE SAGITTATE

OBCORDATE

Shape (36): types of leaf blade
Margin of the Leaf

The margin of a leaf or leaflet may be:

1. Entire: with no irregularities.
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Serrate: shows a number of sharp processes directed towards the apex
Dentate (toothed): processes are not directed forwards.
Crenate: processes are round.

Sinuate: the margin is wavy.

o gk~ w DN

Lobed: the leaf having deeply indented margins (pinnately or palmateiy).

3

L1

entire  undulate finel}; coarsely doubly crenate lobed
serrate serrate  serrate

Shape (37): different leaf margins

Apex of the leaf:-

Apex of a leaf or leaflet may be:-

1. Acute: pointed with margins, form an angle between 45 - 90 degrees.

2. Acuminate: sharp-pointed with straight or convex margins, form an angle less than
(<) 45 degrees.

3. Caudate: attenuate with a slender tail-like appendage at the tip.
Obtuse: blunt with margins form an angle greater than (>) 90 degrees

5. Emarginate: with a shallow depression at the apex, not exceeding of the distance to
the center of the leaf blade.
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Shape (38): leaf apex

Leaf modifications

Leaves performing special functions are usually modified structurally, as in roots and

stems. Some of these unusual types of leaves are.
a. Scales

These are undeveloped leaves that arise at the stem tip, like ordinary leaves, but
remain small. They have little or no green tissue. The scales enclosing winter buds are

protective, while those of bulbs store food.
b- Tendrils:

Leaf tendrils are found in a great number of climbing plants, the modification to tendril

for climbing involves either the whole leaf or only part of it, or the stipules.
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Shape (40): leaf modified into tendrils
c- Leaf Spines:

These may represent leaves or parts of leaves. The whole leaf may be modified into
spiny structure as in Berberis. In Acacia the stipules are modified into spines.

d- Storage Leaves:

Storage of food in scales of bulbs makes them fleshy. In succulent plants water
storage in leaves may occur as in the desert plant Zygophyllum coccineum. It has compound
stipulates leaves each composed of petiole carrying two leaflets forming (Y) shaped

structure.

Shape (41): water storage in (Zygophyllum coccineum) leaves

e- Insectivorous Plants
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In these plants, the leaves develop into a pitcher like structure or some kind of traps with

certain peculiarities to adapt them for trapping and digesting insects as in Nepenthes,
Drosera, Dionea and Utricularia.

wvivphotaki.c)

Shape (42): insectivorus plants; Dionea, Utricularia, Drosera and Nepenthes
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Part 3: PLANT ANATOMY

PLANT TISSUES

Plant tissues are classified according to stage of development

into:

1- Meristematic tissues: growth is taking place.

2- Permanent tissues: growth ceased at least temporarily.

MERISTEMATIC TISSUES

Meristem is used to describe regions of continuous cell formation.
Embryonic describes meristematic tissue of the embryo. They are

characterized by:

1- Actively dividing.

2- Abundant cytoplasm

3- Large nucleus.

4- No ergastic substances

5- Thin primary wall of cellulose.
6- Small or lacking vacuoles.

7- No intercellular spaces.

The meristematic tissues are classified according to stage of

development and their origin into three types: -

a. Promeristem: -

They are young meristematic cells similar in shape, size and diameter.
Ex.:- extreme tip of roots and stems and embryos.

b. Primary meristem:
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It is formed from the promeristem when change in size, shape, wall and
cytoplasm characteristics and become differentiated. When divide give

rise to primary permanent tissues.
Example: root and stem apices.
Primary meristem can be differentiated according to their function into:-

0. Protoderm: - external layer, when differentiate gives rise to the

epidermis.

0. Ground meristem: gives cortex, pericycle, medullary ray and pith

0. Procambial strands: - give raise the vascular tissue.

0. Calyptrogen: present in roots, gives rise to root cap.

c. Secondary meristem:

Originate from permanent tissues returned meristematic. When divide
give rise to 2ry permanent tissues. Ex.: cork cambium, root cambium

and interfascicular cambium of stem.

The vesicular cambium of the stem does not fall in any of the two
groups. It arises from promeristem but differentiates to give 2ry vascular

tissue.
PERMANENT TISSUES

Permanent is used to describe tissues that do not have the ability to
divide. These cells are already differentiated in different tissue types and

are now specialized to perform specific functions.

The permanent tissues can be classified according to kind of constituent

cells to:

1- Simple tissues: composed of a single type of cells (parenchyma,

collenchyma and sclerenchyma).
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2- Complex tissues: composed of several kinds of cells (xylem and

phloem)

3- Tissue system: Certain cells dispersed among other tissues (secretory

tissue system).
I. Dermal tissues

The plant epidermis is a multifunctional tissue playing important roles in
water relations, defense and pollinator attraction. This range of functions
Is performed by a number of different types of specialized cells which
differentiate from the early undifferentiated epidermis in adaptively

significant patterns and frequencies.

The epidermal tissue includes several differentiated cell types: basic
epidermal cells, guard cells, subsidiary cells, and epidermal hairs

(trichomes).

a. Basic epidermis:

The epidermis is the outermost cell layer of the primary plant body; it is
the dermal tissue system of leaves, stems, roots, flowers, fruits, and

seeds.

The shape of the cells, the thickness of the walls as well as the
distribution and number of specialized cells (guard cells and trichomes)

per area may all vary.

The epidermal cell has a large central vacuole and thin peripheral
cytoplasm. The plastids are generally absent; some ferns and several

aguatic or shade plants are exceptions.

Most plants have a single cell layer and covered with a thin layer of
cuticle (simple epidermis). Other plants like Ficus elastica have an

epidermis with several cell layers of the leaves (multiple epidermis). Its
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epidermal cells are tightly linked to each other and provide mechanical

strength and protection to the plant.

The wall of epidermal cells is often containing thick cutin than the other
walls. This can be particularly well observed with the epidermis of conifer

needles and that of xerophytes (plants living in dry habitats).

The cutin reduces water loss to the atmosphere; it is sometimes covered
with wax. Thick wax layers give some plants a whitish or bluish surface
color. Surface wax acts as a moisture barrier and protects the plant from

intense sunlight and wind. Aquatic plants have usually thin walls.

The epidermal cells seem either polygonal or elongated in surface view.
Their walls are often wavy or sinuate. Elongated epidermis cells can be

found in leaves of monocots.

In some cases, like that of the tomato fruit, the cuticle is pigmented with
carotinoids. Often, additional waxes oils, resins, salt crystals and
(hydrophilic) mucilage are excreted. The latter is especially common in

developing seeds.
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b. Stomata:

The word stoma means mouth (in Greek) because they allow
communication between the internal and external environments of the
plant. Stomata are found on all above-ground parts of plants, including

the leaves, petioles, soft herbaceous stems and petals of flowers.

A stoma is a pore, found in epidermis that is used for gaseous exchange

between the intercellular space of subepidermal cells and atmosphere.

The pore is bordered by a pair of specialized [parenchyma] cells known

as guard cells that are responsible for regulating the size of the opening.

They are dispersed among the epidermal cells, upper or lower side.

Guard cells and stomatal opening are called "stomatal apparatus”.

Guard cells contain chloroplasts. They generally have kidney shape;
some monocots plants (Graminae and Cyperaceae) have dumb-bell
shape. The opening and closing of stomata are due to the change in

turgidity within guard cells.
Types of stomata:-
There are two types:-

a. Kidney shaped stomata:-

The guard cells are kidney shaped. It found in all seed plants except two

families (Graminae and Cyperaceae).
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b. Dumb-bell shaped stomata: -

They are narrow in the middle and enlarged at both ends. The central
part has a very thick wall, whereas bulbous ends have thinner walls. It

present in Graminae and Cyperaceae.

*** In xerophytic plants, the stomata are depressed below the genera!
leaf surface to help in reducing water loss from the plant in dry habitats,
they are known as sunken stomata. In, some plants the stomata may

cover with hairs, so they are called as sunken stomata with hairs.
Mechanism of stomatal movement: -

Stomata are open when guard cells are turgid and closed when turgidity
of the guard cells is low. The turgidity of the guard cells increase when

water moves from the surrounding cells to it due to the increase of their

osmotic pressure.

When the turgidity increases, the thin outer walls are stretched more
than the inner thick wails. The outer wails push into the surrounding
epidermal cells, pulling up the thick inner walls, thus the stomatal pore

increases in size and opens

The turgidity of the guard cells increase in light and decrease in the
dark.
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Mechanism of stomatal opening can be summarized as: -

« In light, the photosynthesis takes place in the guard cells (contain

chloroplasts), thus soluble sugars accumulate in the guard cells

increasing the osmotic pressure of these

* cells.

« The acidity of guard cells is reducing due the decrease of carbonic

acid and carbon dioxide.

% In low acidity the starch transfer into soluble sugar by catalyze

enzyme in the guard cells, thus the osmotic pressure increase.

« Water moves from surrounding epidermal cells to the guard cells,

increasing their turger pressure, thus causing stomatal opening.
Mechanism of stomatal closing can be summarized as: -
o In darkness, the photosynthesis not occurs in the guard cells.

o The acidity of guard cells is increase due the increase of carbonic acid

and carbon dioxide.

o In high acidity the sugar transfer into starch by catalyze enzyme in the

guard cells, thus the osmotic pressure decrease.

o Water moves from the guard cells to the surrounding epidermal cells,
decreasing the turger pressure of the guard cells, thus causing stomata

to close.
Distribution of stomata:-

Stomata are present in all aerial plant organs especially leaf. They
absent in roots and organs submerged in water. In woody plants, it's

present on the lower side of leaves. In herbaceous plants, it's present on
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lower and upper side of leaves. In aquatic plants, stomata are present

on the upper side of leaves.

The number of stomata are various considerably according to the type of

species, location of the leaf and due to the environmental conditions.

c. Hairs and Trichomes: -

The distinguishing between hairs and trichomes can be difficult.
Trichomes are usually connected to the vascular system, whereas hairs

lack a vascular connection.

Plants may appear to have hairs, but the technical term for plant hairs is

trichomes. Unlike animal hair, trichomes are often living cells.

Trichomes are epidermal outgrowths of various kinds give the plant silky,
woolly or velvety appearance. The terms emergences or prickles refer to

outgrowths that involve more than the epidermis.

Plant hairs may be unicellular or multicellular, branched or unbranched.
Multicellular hairs may have one or several layers of cells. Branched
hairs can be tree-like or tufted. Any of the various types of hairs may be

glandular.

Types of hairs and trichomes:-

+« Unicellular_hair: - it is a thick-walled and sharply pointed hair, make

the surface rough. The longer, straight, stiff ones usually termed bristles.

« Multi-cellular _hair: - it consists of a row of two or more cells (uniseriate

or multiseriate).

+« Glandular hair: - it is with a definite pedicel and a rounded or flattened
head.

+« Peltate hair: - it consists of a plate of cells radiating from the center.
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< Stellate hair: - it consists of several unicellular hairs arise from basal

cell.

+ Papillae: - they are cone-shaped outward extensions of the epidermal

cells. They found on flower petals giving it velvety appearance.

« Root hair: - it is a long extension of the epidermis to increase the

absorbing surface. It present at short distance behind the root growing-

points. The wall remain thin and the cell living and vacuolated.

+« Stinging hair: - it consists of an elongated, tapering hair and broader,

rounded base. - When a hair is touched, siliceous point breaks and the
hair contents are forced into the skin. The hair contains histamine and

acetylcholine, (e. g. Urtica species function in protection).

« Emergencies: - they are stronger outgrowths, not from epidermis only.

They differ from hairs in containing a core of cortex and vascular tissue

(e. g. rose spines and grass ligules).
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[l. Ground Tissues

The ground tissue is makes up the majority of the inner part of a plant.
The ground tissue system synthesizes organic compounds, supports the

plant and provides storage for the plant

It is mostly made up of parenchyma cells but can also include some
collenchyma and sclerenchyma cells as well. Ground tissue in leaves is
packed with chloroplasts, which is where the photosynthesis process

makes nutrients for the plant.

It arises as a result of differentiation and elongation of ground meristem.
It lost their ability to divide temporary. The cell differentiation involved
change of shape, secondary thickening (lignin and subrin), formation of

plastids, and death of protoplasm and arising of cell vacuole.
a. Parenchymatissue: -

It is the main constituent of the ground tissue in plant organs. It present
in all plant organs (cortex, pith, xylem and phloem). It is the least
specialized permanent tissue in plant body. They can be returned

meristematic (potentially meristematic).

It is a simple tissue, composed of one type of cells. Its cell wall is
composed of cellulose, hemicellulose and pectic compounds.

Sometimes lignin is added (e.g. lignified parenchyma).

Cell wall mostly possesses simple pits, which permit the interchange
between the neighboring cells. Intercellular spaces are present, when is
large the parenchyma known as "aerenchyma". Some parenchyma has

abundant chloroplast "chlorenchyma”.

Lower plants are building up of parenchyma (primitive tissue). It is

function in food storage, aeration, support and photosynthesis.
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Phylogenetically, considered as a primitive tissue for: i. Being
potentially meristematic. ii. Other cells originate from it (by

specialization), in. Not functionally specialized.

Cell Shape:

« Spongy parenchyma: - Isodiametric, oval, spherical or irregular. It

seen in leaves, cortex of herbaceous plants.

« Aerenchyma: - it is with extensive air spaces for gaseous exchange. It

found in stems of aquatic plants. It may be stellate or armed (armed

parenchyma), it found in petioles of banana and Canna.

+ Palisade parenchyma: - it is elongated and cylindrical cells, rich in

chloroplasts. It found in leaves (one or two layers under the epidermis).

% Spongy chlorenchyma: - Isodiametric cells contain chloroplasts. It

present in cortex of herbaceous stems and leaf mesophyill.

+ Folded Parenchyma: - it provided with flanges projecting into the cell

to increase the wall surface for extra chloroplasts. Present in Pinus leaf.

+ Lignified parenchyma: - its walls are secondary lignified walls, function

in support. Their shape are angular, without intercellular spaces and

mostly Jiving.
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Aerenchyma
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Chlorenchyma (filled with Palisade parenchyma
Armed parenchyma plastides) !

b. Collenchyma Tissue: -

It is a simple living tissue (composed of one type of cells), formed from
elongate meristematic cells. The tissue is comprises of elongate cells,

without intercellular spaces (rarely present).

It functions mainly in support. Cell wall thickened, compose of cellulose
pectic substances that are hyorophilic thus the cell walls are rich of

water. These adapted it to rapidly growth especially increase in length.

Simple pits are present in the cell wall. Collenchyma may contain
chloroplast although photosynthesis is not its function. Intercellular

spaces occur only in lacunar type.

Wall thickening (shape):-

+« Angular: - thickening in corners (Luffa & Cucurbits).

+« Lamellar: - thickening on tangential walls (Helianthus).
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« Lacunar: - angular collenchyma with intercellular spaces (Lactuca).

Angular wall thickening

Cell wall Vacuole

Nucleus . &4
s
o g )
Angular collenchyma EaGitite
Lamellar
thickening

Lacunar collenchyma

Lamellar collenchyma

Types of collenchyma

Distribution: -

« In dicot stems, it present under epidermis (continuous layer or as

strands at the ridges.

« In dicot leaves, accompanying the large vascular bundle may be

under lower epidermis. Sometimes on both sides and sometimes on the

lower side only.

+ In dicot roots and monocots, not present.

+ Woody stems rarely possess collenchyma.

Adaptation of collenchyma structure to function: -

a. Cell wall is thick adapted to supporting.

b. Capable of extension (elastic) adapted to present in growing plants.

c- Rapidly elongate cells adapted to present in herbaceous plants.

c. Cell wall composed of cellulose not adapted to present in woody

plants.
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c. Sclerenchyma

It is a simple tissue composed of one type of cells. At maturity, it become
non-living at (have no protoplast). The cell walls are uniform, hard,

thickened and lignified.

It functions in support only since they are provided with strong lignified
walls (non-elastic). When mature it has thick lignified 2ry. walls. It can be

classified into two groups, fibers and sclereids.
(i) Fibres

Firbres develop from meristematic cells. Their cells are elongate, usually
with pointed ends. At maturity, protoplast disappear, becomes empty

and dead.

Cell wall composed of lignin, leaving a small lumen (dell vacuole), which
represent a small canal and may be blocked at certain places. Some

fibers composed largely of cellulose.

Walls sometimes contain simple or bordered pits; pits are small, rounded

and functionless at maturity.

Fibres occur in small groups scattered among other cells. They usually
form strands extending longitudinally for some distance. They are
suitable for supporting due to their arrangement in long masses and their

overlapping.
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Fibres can be distinguished into two types, bast and wood fibres. Bast
fibres present in cortex, pericycle and phloem and possess simple pits.

Wood fibres present in xylem and possess bordered pits.

Distribution of fibres: -

In dicot plants, it occurs in the vascular bundles in roots and stems.

May be occurs also in cortex of some stems Not present in leaves.

In monocot plants, it encloses each vascular bundle (bundle sheath) of
stems. It also present under the epidermis (hypodermis) forming
continuous layer in roots, stems and leaves. Phloem fibres originate in
the 1ry phloem, but mature after become functionless. Therefore, they

are called 1ry phloem fibres.

Fibres that originate on the periphery of the vascular bundles but do not

originate from the 1 ry phloem are referred to as pericycle fibres.

Adaptation of fibres structure to function: -

+ Cell wall is composed of lignin adapted to supporting.

« The cells are arranged in long masses and overlapping adapted to
stretching.

+ The secondary cell wall is thickly lignified adapted to wood plants.
(ii) Sclereids

The cells are isodiametric, bone, columnar or ovoid with branched pits

(stone cells). They develop from parenchyma cells.

It have very thick 2ry wall, strongly lignified. It present in groups in

cortex, phloem, seeds and fruits.

It functions in supporting and protective tissues. In seed coats and nut
shells, it present in masses giving hardness and mechanical protection.
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Pits are very small, with round aperture and their cavities form branching

canals due to union of the pits together.

Shapes of sclereids:-

+ Brachysclereid (Stone cell,);- resembles parenchyma cell in shape

(fruit of pear).

+ Macrosclereid (Columnar,):- elongated in shape (seed coats of

Leguminosae).

+* Microscierids:- which are small and needle-like.

«* Osteosclereid (Bone shape):- bone like or barrel shape with rounded
(Hakea leaves).

« Astrosclereid (Star shape):- lobed or armed or star shaped
(Nymphea petiole).

« Trichosclereid (Filiform):- occurs in leaves of some xerophytic plants

(Olea leaf).
«* Hourglass sclereid: - dumb-bell shaped cell with unequal

[ll. Vascular or conductive tissue system

It is a complex conducting tissue, formed of more than one cell type
(conducting elements, parenchyma and fibers). The primary components
of vascular tissue are the xylem and phloem. These two tissues
transport fluid and nutrients internally, also have supporting function.

There is also a vascular cambium associated with vascular tissue.

The cells in differentiated vascular tissue are typically long and slander;
it is not surprising that their form should be similar to pipes. As the plant

grows, new vascular tissue differentiates in the growing tips of the plant.
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Vascular tissue in plants is arranged in long strands called vascular
bundles. These bundles include xylem and phloem, as well as

supporting and protective cells.

The vascular cambium divides off cells that will be become additional
xylem and phloem. This growth increases the girth of the plant, rather

than its length.
a. Xylem:-

It is a complex tissue, composed of several types of cells differ in shape
and function. It conducts the water and salts from the root system to the

leaves, also has a supporting function.

In Gymnosperms xylem is composed of tracheids only. In Monocot

plants, the xylem is composed of tracheids, vessels and parenchyma. In

Dicots it is composed of vessels and parenchyma and fibers.
Tracheids:

They are the fundamental cells in seed plants xylem When mature,
protoplast disappears and cell becomes non-living Walls are hard,
relatively thick and are usually lignified, with bordered pits where water

passes from cell to cell

In T. s., tracheid is typically angular. The end walls do not taper
uniformly, but tapering is confined to one side of the cell only. The lumen
Is large and free of contents of any kind. Tracheids make channels for

longitudinal conduction.

In gymnosperms and most angiosperms, the bordered pits are chiefly
rounded with borders and the torus is best developing. The torus is acts
like a valve, the pit is open when the torus is in a median position and

closes when it moves to a lateral position.
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Tracheid is adapted structurally for conduction due to their large lumen
and the hard wall. It is adapted for supporting due to their thick wall,
overlapping and interlocking to form strands. It plays the important role in

support if fibres are absent.

scalariform reticulate pitted

Protoxylem > Metaxylem

Vessels: -

Vessels are more advanced than tracheids. They are characteristic of

the angiosperms. In many monocots vessels are absent.

The vessel is a series of conducting cells which arranged end to end
forming a definite tube-like system with perforations at the end walls

providing conduction in straight line. Itpresent only in Angiosperms.

The more primitive vessels have the shape of tracheids with relatively

small lumen. In advanced vessels, the diameter of the lumen is large.

In the evolution of tracheid, the angle of tapering ends becomes greater

until the end walls become at right angles to side walls
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The vessels wall is as thick as the tracheids. Pits are often more

numerous and smaller than tracheids.

The vessels are differing in their lignifications (2ry cell wall). It may be
annular (ring-like) or spiral shape, they are adapted to elongation and
characteristic of protoxylem. The reticulate (net-like), scalariform (ladder-

like) and pitted forms are characteristic to metaxyiem.
Wood parenchyma:

They are common constituent of the xylem of most plants They remain
alive as long as the xylem is functioning (unlike tracheids, vessels and
fibres).

In 2ry xylem they occur as vertical series of elongated cells placed end
to end known as wood parenchyma, and radial transverse known as

xylem-ray parenchyma.

They function as a food storage tissue; store starch, oils and many other
ergastic substances. It also has a function in water conduction and

supporting. They may form thick walls and become sclereids.
Xylem fibres or wood fibres:

Wood fibres are non-living cells with thick lignified walls They develop
from tracheids by increasing the thickness of the walls, decreasing of

lumen diameter and reducing the pit number and size or completely lost.

The fiber is longer than tracheids and more cylindrical It acts in
supporting only, (can not conduct). It has greater overlapping, thicker

wall and lignification.

The two tracheidal derivatives (vessels and fibres) together occupy, in
function and position, the same place in most highly evolved vascular

plants that the tracheids do in the lower vascular plants.
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Adaptation of xylem structure to Function: -The xylem facilitates

conduction by:-

» Conducting elements (tracheids and vessels) possess hard strong

lignified walls.

» Conducting elements have greeted width lumen.
» Absence of cross walls in vessels

* Presence of pits in tracheids.

* Presence of parenchyma cells.

The xylem facilitates supporting due to:-

* Presence of wood fibers.

» Hardness of walls by lignification.

b. The phloem

It is the food conducting tissue of a vascular plant. It is a complex tissue
(consists of sieve elements, companion cells, parenchyma and fibres). It
can be classified developmentally into 1ry and 2ry phloem. The 1ry
phloem develops from the procambium while the 2ry phloem is formed

from the vascular cambium.

Some gymnosperms contain sieve cells and parenchyma only; other

gymnosperms contain sieve cells, parenchyma and fibres.

Monocot plants contain sieve tubes and companion cells (regular
phloem). Dicot plants contain sieve tubes, companion cells and
parenchyma (irregular phloem). Secondary phloem is usually present in

dicot plant (fibres or sclereides are added to the irregular phloem).
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Sieve element:

It is the basic cell type (sieve cells-sieve tubes). They are resemblance
in fundamental structure and function). Its end walls are perforated and
are known as sieve plates, where connection between vertical cells is

formed.

The sieve element is an elongate living cell with a thin cellulose wall. It
has a large central vacuole and a thin peripheral cytoplasm. Its nucleus
disappears when the cell is mature and its cytoplasm contains

leucoplasts (store starch).

The sieve cell is formed of only one cell; its sieve area is less specialized
and not aggregated into sieve plates. The sieve tubes form vertical
series of cells connected by the sieve plates. They arranged end to end
to form tube-like structure; its sieve areas are highly specialized and

aggregated into sieve plates (at cell ends).

The sieve areas are wall areas with pores penetrated by cytoplasmic
strands. It is function in connecting the protoplast of adjacent cells. Each
connecting strand is surrounded by a callose which is a carbohydrate
that stains blue with aniline blue. Callose forms first a thin layer around a
strand. When sieve tubes get older, callose accumulates in the pores

and loss their function.
Companion cells

They are special type of parenchyma cell and closely associated to
sieve tubes in origin, position and function. It is characterized by its thin
walls, dense cytoplasm and a conspicuous nucleus but do not contain

starch.
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It lives as long as the associated sieve tube element. In T.s. it is
triangular, rounded, or rectangular. Its function is not clear but may be

help in food conduction.

They occur only in angiosperms and accompany the sieve tubes. In
monocots, make up the phloem with sieve tubes (regular phloem). In
Gymnosperms, albuminous cells are associated with the sieve cells (no

companion cells).

Seive-tube mcmi:cr

Companion
OI::II Companion cell

Sieve plate

Phloem parenchyma:

They range from elongate and tapering to cylindrical or spherical. The
cells are living, with thin walls. It may contain crystals, tannins, mucilage,
latex or other substances. Also, it may contain starch or oil. It present in
dicot plants only (absent in monocots). It has a function in storage and

conduction.

The are dead long cells, with hard lignified walls. They have function in
support and protection. They may be septate or non-septate- may be
living or nonliving. They are long cells with thick walls and are the

commercial source of fibres as in Linum (flax).
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They have simple pits with round aperture. The walls may be composed
of cellulose as in flax. They used in the manufacture of robes (known as

bast fibres). Sclereides may be present in 1 ry and 2ry phloem.

It present in 1 ry and 2ry phloem. In 1 ry phloem, they occur in the outer

most part of it. In 2ry phloem, they are distributed.

Function of phloem:

+ Conduction of food such as proteins and carbohydrates

+ Sieve elements are concerned with conduction with the companion

cells or albminous cells.
+ Fibres and sclereids serve in supporting and protection

+ Many parenchyma cells are starch storage cells.

Vascular bundles:-

The vascular bundle is consists of xylem and phloem, there are four

types:-
1- Collateral bundles: -
Phloem on one side of xylem strands, in all stems

a. Open collateral bundles:-

It present in dicot stems, no bundle sheath and cambium is present

between xylem and phloem.

b. Closed collateral bundles:-

It present in monocot stems, bundle sheath is present. The cambium is

absent.

2- Bicollateral bundles:-
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Phloem occurs in both sides of xylem. It present in extreme dicot stems
(Luffa).

3- Concentric bundles:-
The xylem or phloem surrounds the other.

a. Amphiciribial (concentric xylem):- Xylem is surrounded by phloem.

b. Amphivasal (concentric phloem):- Phloem is surrounded by xylem.

** Radial cylinder:-

It is best to known as cylinder. It present in dicot and monocot roots.
Xylem and phloem are separated from each others and lie in different

radii of the axis.
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V. Secretory tissue

It is essential to isolate the result materials of cellular processes from the
protoplasm in which they originate, or to be moved outside the plant
body. These substances sometimes damage the protoplasm if left to

accumulate within the cell.

The secretory tissues are 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 secreted substances are not further utilized by the plant
(oils, resins, latex, rubber, nectar, tannins, perfumes and crystals), while
others take part in the functions of the plant (enzymes and

hormones).They sometimes have great commercial value.

Generally, secretory tissues are derived from parenchyma cells. It
occurs in pith, cortex, xylem and phloem. It is organized into special

structures known as glands and ducts.

Secretory structures range from single cells scattered among other kinds
of cells to complex structures involving many cells; the latter are often

called glands.

Secretory cells may be classified by their location in the plant, or on the
basis of the product that is exuded. There are external and internal
secretory systems identified on the basis of their position. They include

various types: -
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a. Digestive glands:-

They are extremely complex glands with a vascular supply present in
insectivorous plants. The gland secretes digestive enzymes that digest

insect proteins.

The secretory product (sticky material) that catches the insects and
digestive enzymes are secreted by the outer layer of densely

cytoplasmic glandular cells.

It is located on the leaf surface or at hair tips. The digestive enzymes
could diffuse through the walls, enter back into the gland and digest the
unprotected non-glandular cells, (e. g. Drosera, Dionea, Nepenthes and

Urticularia).
b. Nectaries:-

They secrete a sugar solution (nectar), which attract insects. Its
secretory tissue consists of an epidermal cells lack of cuticle and
specialized parenchyma of small densely cytoplasmic cells often called

nectariferous tissue.

They are often found on flower parts (floral nectaries), but also develop

on some leaves and stems (extrafloral nectaries).

Floral nectar attracts insect pollinators of entomophilous plants. It usually
forms multicellular outgrowths on the flower parts. It may be located in

stamens (intrastaminal nectary) or at the ovary (septal nectary).

Extrafloral nectar may attract ants which defend the plant from
herbivorous insects. They are usually represented by glandular hairs or

glandular epidermis.
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c. Hydathodes:-

They are external secretory structures exuding water under conditions of
low transpiration and high humidity; it exudes as droplets on the surface
of the organ in a process called guttation. It present in some plant
leaves, such as corn, tomato and some grasses. Two types of

hydathodes are recognized: -

4% Active hydathodes: usually in the form of glandular trichomes. Water

Is actively exuded by secretory cells not connected to water-

conducting tracheary elements.

+ Passive hydathodes: usually located at leaf margins or tips of leaves.

Water is released from tracheary elements and then passes through
intercellular spaces of the epithem (cells have little or no chlorophyll).
Water is exuded out of the leaf through modified stomata which are

permanently open.
d. Resin, oil and gum glands:-

They secreted in cavities within plant tissue The cavities are surrounded
by secretory cells known as epithelial cells The secretory cells are thin

walled, with dense protoplasm There are two types-

* Schizogenous glands:- their cavities originate by separation of cells.

They secrete resins (e. g. Pinus).

« Lysigenous glands:- cavities originate by disintegration of cells. They

secrete essential oils (e. g. Citrus fruits).
e. Laticiferous glands:-

They secrete latex, which is a white, yellow or reddish viscous fluid.

Latex contains proteins, sugars, gums, alkaloids and enzymes. In some
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plants, latex is economically important such as Hevea latex (rubber).

There two types —

* Latex cells:- long cells extending for long distances through the plant It

contains dense protoplast and many nuclei e g Euphorbia species

Latex ducts - composed of several tubes arranged longitudinally and
may be branched. Each tube consists of row of cells with disintegrate

end walls e g Papaver Hevea Carica and some plants of Compositae.

Another special, type of the external secondary structure is stinging hairs

producing toxic substances which are stored in cell vacuoles.
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Plant cell differentiation

Cell differentiation in plants refers to the processes by which distinct cell
types arise from less specialized cells (meristematic cells) and become
more specialized cell type (different from each other). The differentiation
IS a common process in all plants; the meristematic cells divide and
create differentiated daughter cells during tissue repair and during

normal cell turnover.

Plants have about a dozen basic cell types that are required for
everyday functioning and survival. Differentiation changes a cell's size,
shape and metabolic activity; modifications of cell walls also play a role

in plant cell differentiation.

The apical meristem is an undifferentiated meristematic tissue found in
the buds and growing tips of roots. Its main function is to begin growth of
new cells in young seedlings at the tips of roots and shoots. Apical
meristems are very small compared to the cylinder-shaped Ilateral

meristems

The apical meristems are composed of several layers. The number of
layers varies according to plant type. In general the outermost layer is

called the tunica while the innermost layers are the corpus.

The tunica is consists of 1 or many peripheral layers of smaller cells. Its
cells divide only in one plane resulting in increase in area. It gives rise to

epidermis and the outer layers of the cortex.

The corpus divides in several planes resulting in increase in mass. It

gives the inner portion of the cortex and the central region of the axis

The apical meristem is consists of definite histogens or tissue builders,
they are meristematic regions. Each histogen is responsible for building
a definite region of 1ry body.
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a Protoderm (dermatogen): - gives rise to the epidermis.

b Ground meristem: gives rise to the cortex, pericycle, medullary ray and
pith.

c. Procambial strands: - give raise the vascular tissue.

Moving away from meristematic regions, plant cells become increasingly
differentiated according to their position in the plant organ and their

function at maturity.

The major types of differentiated plant cells are the derma! cells of
epidermis, guard cells and trichomes; ground cells (parenchyma,
collenchyma and sclerenchyma) and water-conducting cells of xylem

and phloem.
Differentiation of epidermal and guard cells

The epidermal cell is formed by anticlinal divisions of the outer layer of
the tunica. Where tunica and corpus are not distinct, it is formed from the

dermatagen.

In the epidermis of roots, cells develop hair-like outgrowths that help the

root gather water and nutrients from the soil.

The epidermis in stems and leaves develops a covering of cuticle. The
plastids in epidermal cells do not develop into chloroplasts except in
specialized guard cells which form in pairs around pores in the plant

surface called stomata.

Guard cell mother cell originates by unequal division of a protodermal
cell. Small cell gives the mother cell The guard cells swells and
connection between the two cells is weakened. The two cells separate in

median parts and stomatal opening is formed.

Differentiation of trichomes
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The distinctive branched unicellular trichomes of plants differentiate from
undistinguished meristematic cells in the protoderm These meristematic
cells initiate the differentiation pathway by cell expansion in the plane

perpendicular to the epidermis, forming a tubular extension.

Once this stalk is formed, the nucleus migrates from the base of the stalk
to its tip. The trichome then undergoes an unusual pattern of cell wall
growth, in which the cell wall balloons out at three locations, forming the

trichome.
Differentiation of ground tissues:

The meristematic tissues lose the ability to divide. This process of taking
up a permanent shape, size and a function is cabled -cellular
differentiation. The ground tissues differentiate in the zone of maturation

to form tissues called parenchyma, collenchyma or sclerenchyma.

Parenchyma tissues are the primary site of cellular metabolism. The
organelles of parenchyma cells in different parts of the plant vary so that

they can accommodate differences in metabolic functions,

Cells of leaf parenchyma and some stem parenchyma have large
numbers of chloroplasts to carry out photosynthesis. Stem and root
parenchyma cells have amyloplasts, organelles that store starch,
Chromoplasts in the parenchyma of flower petals contribute to the color

of the flower petals.

Collenchyma develops from elongate meristematic cells that appear
very early in the differentiating meristem. Thickening of the walls occurs
during elongation growth of the cells, with successive layers of wall
material formed around the entire cell, but they are wider in the places of

thickenings.
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Fibers are derived from meristematic cells and differentiate early into
elongated cells with few simple pits in their cell walls, and always appear
in clusters. On the other hand, sclereids are developed from
parenchyma cells that are secondarily modified. They usually deposit

thick secondary walls that are heavily lignified.
Differentiation of conducting tissues:

Inside plant organs important pathways of cell differentiation include the
xylem and phloem. The xylem of flowering plants contains two kinds of

water conducting cells, tracheids and vessel elements.

Both of these cell types are elongated and dead at maturity thus water
moves through them without crossing any lipid membranes. In tracheids
the cell wall remains intact but the secondary wall does not develop in
particular areas thus there are "pits" though which water move more
readily than elsewhere in vessel elements end walls break down so that
there is an open tube through which water can move unimpeded. Many
individual cells can form a vessel that can be several centimeters long.
As In the tracheids there are pits in the side walls so that lateral

movement of water is possible as well as longitudinal

Differentiation of the Vessels:
Xylem derived from procambium in the primary plant body. The vessel is
formed from series of xylem mother cells (meristematic) by the fusion of

the cells end to end.

The vessel is formed from a series of xylem mother cells (meristematic)
by fusion of cells end to end. The ends walls are loss thus the lumen of
the cells are open into one another forming a tube. Vessel element
enlarges rapidly by increase in diameter. At maturity, the cytoplasm
begins to disintegrate.
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The more primitive vessels have the shape of tracheids with relatively
small lumen. In advanced vessels, the diameter of the lumen is large, in
the evolution of tracheid into vessel, the angle of tapering ends becomes
greater until the end walls become at right angles to side walls.

Intermediate forms of vessels with tapered ends are known.
Differentiation of the phloem tissue:

The phloem cells contain living cytoplasm at maturity and are
differentiated into pairs of sieve tube elements and companion cells.
Sieve tubes form the pathway for movement of sugars and other organic

molecules.

A sieve element and its companion cell derive from a single parent cell
known as sieve tube mother cell which divides longitudinally. One
daughter cell becomes a companion cell, and the other a sieve-tube

element. Transverse division may form a row of companion cells.

The sieve tube cell elongates. Cytoplasm becomes highly vacuolated.
Sieve areas develop in end walls, Callus develops around strands. At
maturity, the wail becomes thinner, the nucleus disintegrates, the
connecting strands increase in diameter, the cytoplasm becomes thin

and the sieve tube becomes functioning in conduction.
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Stem

A. The internal structure of Dicot Stems

The internal structure of dicot stem consists of epidermis, hypodermis,

cortex, endodermis, pericycle, pith, medullary ray and the vascular tissue

system. The stem also shows secondary growth.

Epidermal hairs

Epidermis
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Epidermis

Epidermis is the outermost covering of the stem. It is represented by a

single layer of compactly arranged, barrel-shaped parenchyma cells.

Intercellular spaces are absent. The cells are slightly thick walled.

Epidermis shows the presence of numerous multicellular projections

called trichomes. Externally, a thin transparent waxy covering called

cuticle, which prevents excessive evaporation of water, surrounds the

epidermis. The epidermis also contains numerous minute opening called

stomata, which are mainly involved in transpiration.
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Hypodermis

Hypodermis is a region lying immediately below the epidermis. It is
represented by a few layers of collenchyma cells with angular or lamellar
thickenings. The cells are compactly arranged without any intercellular
spaces. Hypodermis provides mechanical support and additional

protection.
Cortex

Cortex is the major part of the stem represented by several layers of
loosely arranged parenchyma cells; sometimes with chlorenchyma.
Intercellular spaces are prominent. Cortex is the major storage organ in

the stem.
Endodermis

Endodermis is the innermost layer of cortex represented by compactly
arranged barrel shaped cells, without any intercellular spaces. The cells

are richly deposited with starch grains, thus described as starch sheath.
Stele

The stele is the central cylinder of the stem, consisting of pericycle,

vascular bundles, pith and medullary rays.
Pericycle

The pericycle is the outermost covering of the stele, which lies
immediately below the endodermis. It is represented by a few layers of
compactly arranged sclerenchyma cells. Above each vascular bundle,
the pericycle forms a distinct cap-like structure known as bundle cap. It

may form a continuous cylinder around the stele.
Vascular bundles

The number is various according to plant species; they arranged in form
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of a ring. The vascular bundles are open collateral. Each bundle consists
of a group of xylem vessels to the inside (with the proto-xylem next to
the pith) and a group of phloem to the outside. Xylem is described as

endarch.

Between phloem and xylem there are several layers of thin walled cells
known as cambial region. One of these layers is the cambium layer,

whose meristematic activity later leads to the secondary thickening.

The rays between the bundles are called "medullary rays" The pith is
surrounded by the ring of the vascular bundles. The pith and medullary

rays usually consist of parenchyma meant for storage of food.

In some climbing and vegetable plants, each bundle has a phloem tissue

to the inside in addition to the outer one "bicollateral"

Diagnostic Features of a Young Dicot Stem (Sunflower)

The following are some of the diagnostic features of a young dicot stem:-
1- Presence of cuticle and trichomes and stomata.

2- Presence of a hypodermis made up of collenchyma.

3- Presence of a wavy endodermis containing numerous starch grains.
4- Presence of a pericyclic fibres cap above each vascular bundle.

5- Presence of number of vascular bundles, arranged in form of a ring.
6- Presence of open collateral bundles with an endarch xylem.

7- Presence of wide medullary rays and wide pith also.

Secondary thickening in Dicot Stems

In herbaceous dicots, a limited amount of secondary thickening occurs,
while it is more evident in perennial, woody dicots. The stem increases in

thickness as it grows older.
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The cambium divides to form 2ry phloem to outside and 2ry xylem to the
inside. The 2ry xylem and 2ry phloem are laid down on either side of the
cambium. The primary xylem and phloem are pushed further apart. The

pith remains alive.

Sometimes, the parenchyma of the medullary rays become meristematic
and the cambium forms a continuous ring. Annual rings develop in the
2ry xylem, each' consisting of a spring wood layer and a layer of autumn

wood.

Later, the cork cambium or phellogen (2ry meristem) develops in the
Cortex. It gives rise to cork cells (phellen) on the outside and 2ry cortex
(phelloderm) on the inside. Together this is known as the periderm.
Opposite the stomata the cork cells (phellem) give rise to lenticells for

gaseous exchange.
B. The internal structure of Monocot Stems

The internal structure of monocot stem consists of the epidermis,

hypodermis, ground tissue, and the vascular tissue system.
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Epidermis

Epidermis is the outermost covering of the stem represented by a single
layer of compactly arranged, barrel-shaped parenchyma cells.
Intercellular spaces are absent. Trichomes may be absent. A cuticle is
present. The epidermis contains numerous minute openings called

stomata. Hypodermis

The hypodermis lies immediately below the epidermis. It is represented

by a few layers of compactly fiber cells.
Ground Tissue

The ground tissue is a major component of monocot stem. It is
undifferentiated into cortex and pith. It is represented by several layers
of loosely arranged parenchyma cells enclosing intercellular spaces. The

ground tissue is meant for storage of food.
Vascular Bundles
They are found irregularly scattered in the ground tissue. Towards the
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periphery, the bundles are smaller in size while towards the centre, they

are larger in size.

They bundles are closed collateral. Each bundle is surrounded by a
bundle sheath formed of fibers. The xylem is found towards the outer

surface and the phloem towards the center. Cambium is absent.

In Zea mays stem, there are 2 vessels of metaxylem and two protoxylem
vessels arranged in 'the shape of 'Y'. The lower protoxylem vessel is non

functional and become a cavity. Xylem is described as endarch.

The phloem is composed of sieve tubes and companion cells; phloem

fibres and phloem parenchyma are absent.

Diagnostic Features of a Monocot Stem (Zea mays)

The following are some of the diagnostic features of a monocot stem:-
* Presence of a hypodermis made up of fibers.

* Presence of undifferentiated ground tissue.

* Presence of numerous vascular bundles.

Vascular bundles are closed collateral with endarch xylem.

* Presence of only 2 protoxylem & 2 metaxylem vessels in each bundle.
* Presence of a lysigenous cavity.

* Absence of phloem fibers and parenchyma.

* Presence of a bundle sheath made up of fibres.
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monocot stems

dicot stems

Hypodermis

Fibres

Collenchyma

Ground tissue

Not differentiated into

cortex and pith

Differentiated into cortex and
pith

Starch sheath

Present as fibres

Absent

Pericycle

Absent

Present as fibres cap

Bundles arrangement

Scattered

Arranged in a cycle

Vascular bundles

Closed collateral

Open collateral or bicollateral

Bundle sheath Present as fibres Absent
Cambium Absent Present
Vessels 4 in (V) shape Numerous in rows

phloem

Regular

Irregular
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Part 4. Economic plants

Economic Importance of Plants

Plants are extremely important in the lives of people throughout
the world. People depend upon plants to satisfy such basic human
needs as food, clothing, shelter, and health care. These needs are
growing rapidly because of a growing world population, increasing
incomes, and urbanization .

Plants provide food directly, of course, and also feed livestock that
Is then consumed itself. In addition, plants provide the raw materials for
many types of pharmaceuticals, as well as tobacco, coffee, alcohol, and
other drugs. The fiber industry depends heavily on the products of
cotton, and the lumber products industry relies on wood from a wide
variety of trees (wood fuel is used primarily in rural areas).
Approximately 2.5 billion people in the world still rely on subsistence
farming to satisfy their basic needs, while the rest are tied into
increasingly complex production and distribution systems to provide
food, fiber, fuel, and other plant-derived commodities .

The capability of plants to satisfy these growing needs is not a new
concern. The Reverend Thomas Malthus (1766-1834) in his Essay on
the Principle of Population in 1798 argued that population growth would
exceed nature's ability to provide subsistence. According to the U.S.
Census Bureau, the world population was about one billion in 1800,
doubled to two billion in 1930, doubled again to four billion in 1975, and
reached six billion people in 2000. World population is expected to be
nine billion by the year 2050. The challenge to satisfy human needs and

wants still exists.
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Sugars

Green plants manufacture sugars so that they all contain some
guantity of sugar. However, much of the manufactured product is used
directly in plant metabolize that very little usually accumulates. Storage
sugars are found in roots, as with beets, carrots, parsnips; in stems as
in sugar cane, sorghum, maize and the sugar maple; in flowers, such as
in palm trees; in bulbs like the onion; and in many fruits. There are
several kinds of sugar, principal among which are sucrose or cane
sugar, glucose or grape sugar and fructose or fruit sugar. They all seem
to serve as a reserve food supply for the plant.

Humans require sugar in their diet. It constitutes a perfect food,
as it is a form that can be readily assimilated in the body. Its main value
IS as an energy producer, and it is especially well adapted for use after
heavy exercise. A large industry has developed in connection with the
extraction of sugar from plant tissues, purification and
refining. Additionally, over 10 thousand different chemical derivatives
have been made.

Sugar Cane

Most sugar is derived from Sugar Cane, Saccharum
officinarum. It is a vigorous and rapid-growing perennial grass reaching
a height in cultivation of 8-12 ft. The stem is solid with a tough rind and
numerous fibrous strands, and contains about 80 percent juice, the
sugar content of which varies considerably from area to area and
season to season.

Sugar cane has been the principal export crop of the tropics and
is unaffected by many of the conditions that influence the growing of
other crops. It will grow well in any moist hot region where the average

rainfall is 50 in. or more per year and where there is abundant sunshine
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and where temperatures do not drop below 70 deg.
Fahrenheit. Sometimes small owners of a stand of sugar cane extracted
their own sugar in a primitive mill.

¢ In the milling process the canes are first carried to crushers where
they are torn into small pieces.

e They are then passed through three sets of rollers. In the first set
2/3rds of the juice is expressed. They are then sprayed with water
to dilute what sugar remains, and are passed through the second
set. These rollers exerts a very high pressure and remove nearly
all of the moisture. After passing through the last set the residue
Is almost dry. This bagasse, as it has been named, can be used
as a fuel for the mills, as a source of paper or wallboard because
of its fibrous nature. It also contains a wax with some commercial
value.

e The juice that flows from the mill is a dark-grayish sweet liquid full
of impurities. It contains sucrose, and other sugars, together with
proteins, gums, acids, coloring materials, soil and pieces of
cane. The purification of the sugar involves the separation of the
insoluble materials and the precipitation of the soluble
nonsugars. The juice is first strained or filtered to remove the solid
particles. It is then heated to coagulate the proteins, a process
which is aided by the addition of sulfur. Lime is then added to
neutralize the acids present, to prevent the conversion of sucrose
into lower carbon sugars and to precipitate some of the
substances in solution. These are removed by a series of filter
bags or a filter press.

e The juice is now clear and dark colored and ready for

concentration. It is boiled down to a syrup of such density that the
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sugar crystallizes out. This operation is done in open kettles or
vacuum pans.

e The resulting sticky mass is known as massecuite. It is placed in
hogsheads with perforated bottoms. The juice slowly percolates
through the holes leaving the crystals of sugar behind. The juice
constitutes the familiar molasses of commerce.

Besides the bagasse, by-products of value are molasses, which
Is used in cooking and candy making. It is also used in the manufacture
of rum and industrial alcohol.

Refining is the final stage of sugar preparation for markets. The
process involves washing to remove the film of dirt from around the
crystals of crude sugar, dissolving the sugar in hot water, the removal of
any mechanical impurities by filtering through cloth, decoloring by
passing through bone black, recrystallization by boiling, and the removal
of the liquids from the granulated sugar by centrifuging or other
means. The granulated sugar is washed, dried, screened, and

packed.

Suqgar Beets

Sugar beet, Beta vulgaris, is another important source of
sugar. The leaves are edible as a substitute for spinach and the cooked
beet serves as a delicious vegetable. The occurrence of sugar in the
tubers was first noted in 1590. The industry formally began around
1800 in both Germany and France. Sugar beet is a white-rooted biennial
that grows best in regions where summer temperatures range around
70 deg. Fahrenheit.

Extraction of the juice is a simpler process than for sugar cane
because the roots are soft and pulpy. The roots are cleaned, cut into

thin strips and heated in running water in a series of tanks. About 97
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percent of the sugar can be extracted in this manner. The waste beet
pulp is removed and a process known as carbonation precipitates the
insoluble impurities in the raw juice out. For this the raw juice is treated
with lime, which coagulates some of the nonsugars, and carbon dioxide,
which precipitates calcium carbonate. This settles out along with the
impurities and the purified juice is separated out by filtration. The
process is repeated several times during which sulfur dioxide is added
to adjust the alkalinity. A clear liquid is left after filtration, which is
concentrated, crystallized and centrifuged just as with cane sugar. The
massecuite is reboiled several times. By-products of the industry include
the green tops, which are used for cattle feed and fertilizers; the wet or
dried pulp, which is a valuable cattle and sheep feed; the filter cake,
which is used as a manure; and the molasses, which is used for stock

feeding or for industrial alcohol.

Palm Sugqgar

Several species of palm provide a fourth source of commercial
sugar all of which is only available in the tropics and subtropics. The
species utilized are the Wild Date, Phoenix sylvestris, the Palmyra
Palm, Borassus flabellifer, the Coconut, Cocos nucifera, the Toddy
Palm, Caryota urens, and the Gomuti Palm, Arenya pinnata. Some of
the oil palms also yield sugar.

Sorghum Svyrup

The stem of the Sweet Sorghum, Sorghum vulgare var.
saccharatum, contains a juice that is used in making syrup. To
differentiate between a true syrup and a molasses it is necessary to
realize that syrup is the product obtained by merely evaporating the

original plant juice so that all the sugar is present. On the other hand,
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molasses is the residue left after a juice has been concentrated to a

point where much of the sugar has crystallized out and been removed.

Misc. Sugars

Glucose Sugar

This sugar is also known as dextrose or grape sugar. It is
present in small amounts in many of the organs of higher plants and is
especially characteristic of fruits. However, commercial glucose is

prepared from starch.

Fructose
Also known as levulose, this fruit sugar is present in many fruits
together with glucose. It is somewhat sweeter than cane sugar and is
valuable because diabetics can consume it. Commercial fructose is
prepared from inulin, a polysaccharide that occurs in the tubers of

the Dahlia, Dahlia pinnata.

Maltose
Maltose is rarely found in a free state in plants, but is easily produced
from starch through the activity of the enzyme diastase. Maltose that is
obtained from rice starch has been used in Japan as a flavoring for over
2,000 years.

Honey
Flowers that are attractive, such as roses, hibiscus, etc., usually

produce a sweet substance called nectar. This serves to attract various
insects that are necessary for pollination of the plant. Nectar is
composed mainly of sucrose with some fructose and glucose. It is used

as food by bees, and some of it, after partial digestion, is converted into
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honey and stored for future use. During this process the sucrose is
changed to an invert sugar, which is a mixture of fructose and
glucose. Honey contains 70-75 percent invert sugar along with proteins,
mineral salts and water. Honey was most likely the first sweetening
substance used by humans. Beekeeping is one of the very oldest
industries. The flavor and quality of honey vary depending on the
source of the nectar. Flowers that contain essential oils impart a typical
taste. The bees favor certain plants and these are often cultivated near
the apiaries. Clover, Alfalfa, buckwheat, lindens and some of the mints
and citrus are among the favorites. Honey is an excellent food for it is
almost pure sugar. It is also used in medicine, in the tobacco industry

and in the manufacture of a fermented beverage called mead.

Starches and Starch Products

One of the most important and widely available vegetable
products, starch constitutes the principal type of reserve food for green
plants. It is a complex carbohydrate. It is stored in thin-walled cells in
the form of grains. There are several types of starch that differ in the
size and shape of the grains and other physical and microscopic
characteristics. Important sources of starch are the cereal grains and
underground tubers, although nuts, legumes and other plant organs

may contain substantial amounts.

Sources of Commercial Starch

Relatively few plants are used for the commercial production of
starch. The main ones are potato, maize, wheat, rice, cassava,

arrowroot and sago.
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Cornstarch

Maize or Indian corn is the source of over 80 percent of the
starch that is made in the United States. The grains are soaked in warm
water with a small amount of sulfurous acid to loosen the intercellular
tissue and prevent fermentation. Then the corn is ground so as not to
injure the embryos. The ground material is placed in germ separators
where the embryos are removed. The starch material is then ground
very fine and is either passed through sieves of bolting cloth or is
washed in perforated cylinders to remove the bran. The resulting milky
liquid is run onto slightly inclined tables where the starch grains settle
out and the remaining material flows off. The starch is later collected

and dried in kilns and is then ready for the market.

Potato Starch

Potatoes are utilized for making starch. These are washed and
reduced to a pulp in graters or rasping machines. The resulting paste is
passed through sieves to remove fibrous matter. After washing the solid
starch is separated by sedimentation, the use of inclined tables, or
centrifuging, and is then dried. Potato starch finds uses in the textile
industry and as a source of glucose, dextrin and industrial

alcohol. Europe is the principal producer.

Wheat Starch

The oldest commercial sources of starch were from wheat. It

was known to the Greeks and was widely used in Europe in the 16th
Century in connection with the linen industry. The gluten in wheat
makes the removal of the starch a difficult process. It is accomplished
by extraction with water or by the partial fermentation of the

grain. Wheat starch is used mostly in the textile industry.
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Rice Starch

Rice grains that are broken or imperfect are used for making rice
starch. These are softened by treating with caustic soda and are then
washed, ground and passed through fine sieves. More alkali is added
and after a time the starch settles out as a sediment. This is removed,
washed and dried. Occasionally dilute hydrochloric acid is used to free
the grains. Rice starch has found use in laundry and for sizing.

Cellulose Products

The most complex of the carbohydrates, cellulose is present in
the cell walls of all plants. Because of their strength, cells with thick
walls have been used in various industries. Besides the natural product
being used in the textile industry, artificial fibers are derived directly from
cellulose as well as countless other products. Cellulose chemistry is an
important phase of organic chemistry.

Cotton, a very pure form of cellulose, has been used for a very
long time in the production of artificial fibers and other cellulose
products. Wood is another very available source. When certain woods
are treated with concentrated acids or alkalis, the bond between the
wood fibers and the lignin, which cements them together, is broken, and
the fibers, which are pure cellulose, can be removed. These fibers may
then be reorganized as paper, or they may be treated further
chemically. If the chemical treatment merely causes the dissolution of
the fiber into its component molecules, these molecules may be
synthesized into artificial fibers or converted into cellulose plastics. But
if the molecules themselves are broken down, their component
elements, carbon, hydrogen and oxygen, may be recombined to form

wood sugar. Thereafter the wood sugar may be transformed into yeast
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or alcohol and thus become available for food or as the raw material for

numerous industrial products.

Paper and Paper Industry

A very important use of cellulose is in the manufacture of paper,
a very old industry. The word “paper” comes from the Latin “papyrus”
the name of a sedge, the pith of which was used for paper in 2400 B.C.

Egypt. However paper was first made in China.

Raw Materials

The papermaking value of the various fibers depends on the
amount, nature, softness and pliability of the cellulose present in the cell
walls. This cellulose may occur alone or in combination with lignin or

pectin. Wood fibers, cotton and linen are the principal raw materials.

e Wood Fibers

Wood began being used in the paper industry from about

1850. Spruce is a very important source of wood pulp and has furnished
about 30 percent of the total supply. It is ideal because it has all the
requirements of a good pulpwood. The fibers are long and strong with a
maximum content of cellulose. The wood is almost free from resins,
gums and tannins; and it is light colored, sound and usually free from
defects. Red spruce, Picea rubens, White spruce,is the main
species. The Southern yellow pine, Pinus australis, is another important

pulpwood.

e Cotton and Linen

Cotton fibers have a high felting power and a high cellulose content of
about 91 percent. Rags and raw cotton in the form of fuzz or linters are
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utilized. Flax fibers, that comprise linen, contain 82 percent of
pectocellulose and yield a paper of great strength, closeness of texture

and durability. Textile waste may also be used.

Legumes

Legumes rank next in importance to cereals as human food
sources. They contain more protein than any other vegetable and thus
are akin to animal meat in food value. Fats and carbohydrates are also
present. The proteins occur as small granules in the same cells with the
starch grains. The high protein content is related to the presence on the
roots of many legumes tubercles that hold nitrogen-fixing
bacteria. These bacteria are able to convert atmospheric nitrogen into
nitrates. This augments the nitrogenous material available for the plants.

The legumes belong to the family Leguminosae, which is noted
for having a special kind of fruit, a legume, which is a pod that opens
along two sutures when the seeds are ripe. Over 11,000 species of
legumes are known, and many are of importance as industrial, medicinal
or food plants. They have been cultivated and used for food for centuries
worldwide. The seeds are of greatest importance. As is the case with
other dry seeds, the low water content and impervious seed coats
enhance their value for long-term storage and increase their
longevity. Because all parts of the plant are rich in protein, legumes are
valuable as field and forage crops. When plowed under they are an

excellent fertilizer and greatly increase the nitrogenous content of soil.

Peas
Peas are annual, glaucous; tendril bearing, climbing or trailing

plants, with white or colored flowers and pendulous pods. Although
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originating in warm regions they thrive where there is a cool summer and
abundant moisture. In Mediterranean climates they thrive during winter

and spring months.

Field Peas

The gray pea of Greece and the Levant is thought to have given
rise to Field Peas. They have colored flowers and angular colored
seeds and are very hardy, withstanding frost and altitudes up to 8,000
ft. Field peas are grown for seed that is used for human consumption in
the form of pea meal or split peas. They are also an excellent grain for

livestock. The plants are sued for forage, silage and green manuring.

Garden Peas

Garden peas have white flowers and round smooth or wrinkled
seeds that are yellow or white in color. They contain more sugar than
field peas and the seeds are eaten green or are used for canning. For
canning peas are usually harvested with a mowing machine. Pea-
cannery refuse is a valuable livestock feed. In some varieties the pods
are fleshy and crisp and are consumed as well as the seeds. Garden

peas wee used by Gregor Mendel in his experiments in plant genetics.

Chickpeas  gaeal

Chickpeas, Cicer arietinum, are native to southern Europe where

they are still extensively grown. They are an important food in many
parts of Africa, Asia and Central America. The plant is a branching,
bushy annual, which mature in 90 days. Chickpeas are the best legumes
for human consumption as the seeds are very nutritious. The sparse

foliage is poisonous so the plant cannot be used for forage. The green
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pods are infrequently consumed and the seeds are used as a substitute

for and as an adulterant of coffee.

Cowpeas ‘uslll

Cowpeas, Vigna sinensis, are more closely related to beans than
to peas. They are vigorous bushy or trailing summer annuals with
curious, cylindrical pendant pods. The seeds are used as feed for poultry
and cattle, and they may serve as a coffee substitute. The main value is
as a forage crop, as a cover crop to prevent erosion and as a green

manure.

Beans

Garden Beans Ll galdl)

Garden, Pinto or Kidney beans, Phaseolus vulgaris, are
indigenous to America. In modern times the young pods (string or snap
beans), the unripe seeds (shell beans) and the dried ripe seeds are all
used for human consumption. The whole plant is used for
forage. Beans are low, erect or twining annuals with small white or
colored flowers, trifoliate leaves and slender pods. They are grown as

either bush or pole beans and over 1,000 varieties are cultivated.

Soybeans Ligal) Jg8
Soybeans, Glycine max, are small, bushy, erect or prostrate

annual plants that resemble the cowpea. The seeds all mature at the
same time. The soybean is one of the oldest cultivated crops. The seed
is the richest natural vegetable food known. The soybean has ever
increasing other uses worldwide. It is an important aid to agriculture, a

valuable commercial crop, a good livestock food and the source of
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numerous raw materials for use in industry. Soybean oil is an important
drying oil. Soybean protein is extensively used to produce the foam
liquid used for extinguishing oil fires and as the source of a synthetic

fiber, similar to casein fibers.

Broad Beans

Broad Bean, Vicia faba, is also called the Windsor Bean, Horse
Bean or Scotch Bean. It is grown as a forage crop as well as for the
seeds that furnish food for both humans and livestock. The plant is a
strong erect annual, 2-4 feet tall, with flat pods and large seeds. Over

100 varieties have been grown, mainly in the Old World.

Peanuts (lagad) Jodll

Peanuts, or Groundnuts, Arachis hypogaea, are true legumes
rather than nuts because the shuck is merely a shell-like pod. The plant
Is a bushy or creeping annual with the strange habit of ripening the fruit
underground. There are over 20 different kinds of peanuts grown that
differ in habit and the size of the pod. The plants may be used for forage,
livestock feed or as soil renovators. The nuts or seeds are used for
roasting or salting. In candy and for the preparation of peanut
butter. For the latter the seed coats and embryo are removed and the
nuts are roasted either dry or in oil, and are then ground to a
paste. Peanuts are very nutritious. One pound vyields 2,700 calories
whereas one pound of beef furnishes only 900 calories. Nevertheless,
some are allergic to peanuts and must take precautions to avoid
ingesting peanuts or their derivatives. Peanut oil is important food oil.
The protein contained in the nuts has been used in the manufacture
of Ardil, a synthetic fiber.
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Lentils e/

Lentils, Lens culinaris, are some of the most ancient of foods and
also one of the most nutritious. The seeds are used principally in soups
and in East Indian cuisine mixed with rice and herbs. They are easy to
digest, more so than meat. These are produced in colors that vary from
gray to tan and red. The plants have been used for fodder. When
prepared as split-pea soup, the addition of vinegar and sugar enhances

the flavor.

Forage Crops

The need for forage crops arose with the domestication of
animals. Initially wild grasses probably were used, but other sources

were then sought.

Alfalfa pas )

Alfalfa, Medicago sativa, native to Southwestern Asia, may have

been the first cultivated forage plant. Alfalfa is useful for pasture, hay
and silage and for improving the soil. Dehydrated alfalfa or alfalfa mean

Is also used, and alfalfa sprouts are used for human food.

Nuts
The term “nut” is used loosely to describe a number of related or
unrelated plant structures. Officially a nut is a one-celled, one-seeded
dry fruit with a hard pericarp or shell. Some of the so-called nuts of
commerce correspond to this description. The following discussion will
group nuts regardless of their morphological nature. They will be
classified according to their fat, protein and carbohydrate contents.

Nuts with High Fat Content
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Cashew Nut sa\sll

The Cashew nut tree, Anacardium occidentale, is a handsome
native of Brazil that is now extensively cultivated in tropical countries
from Mexico to Peru and Brazil, in the West Indies, southern Florida and
the Mediterranean area, Mozambique, India, and the East Indies. It
bears a thin-skinned, pear-shaped, yellow or reddish, juicy “fruit” known
as the Cashew Apple. This is actually the swollen peduncle and
disk. The true fruit, a small curved or kidney-shaped structure, is borne
on the outside of the “apple” at the distal end. This is the cashew “nut.”
The rich kernel is delicately flavored and contains nutritious oil. The
grayish-brown coat, or shell, contains oil that blisters the skin. The ripe
fruit, which as a characteristic aroma, is consumed in many countries or
used for preserves. The fermented juice makes a wine, Kaju that is

sometimes bottled.

Coconut g jsa

This is one of the most important economic plants especially in
the South Pacific and other tropical areas. Coconut is a
palm, Cocos nucifera, probably native to the Malay archipelago, but
possibly of Ecuadorian and Central American origin. It grows best near
the seashore, but can occur at altitudes of 5,000 ft. It is undoubtedly
one of the most graceful and beautiful of all palms, often with a typical
leaning habit. The fruit is a 3-sided dry drupe. It consists of a smooth
rind, or exocarp; a reddish-brown fibrous mesocarp; and a hard stony
endocarp, or shell that encloses the seed. The white meat and milk
represent the endosperm of the seed; the embryo is embedded in the
hard endosperm.

The coconut plants have many uses. The leaves are highly

incendiary that when burned produce a bed of coals, which imparts a
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delicious flavor to grilled meats. The fibrous husk yields Coir, a textile
fiber. The hard shell, or endocarp, is used for fuel, vessels and other
containers, and a fine grade of charcoal. The water of the green
coconut makes an agreeable and refreshing drink. The meat may be
eaten raw or shredded and dried to form desiccated coconut. However,
the main use of the meat is for copra, the source of coconut oil and oil
cake. The leaves are also used for thatching, baskets, hats, mats and
curtains. The petioles and midribs are used for fence posts, canes,
brooms, needles and pins. The trunk furnishes a strong, durable wood
for houses and bridges. Some of the porcupine wood of commerce,
much used for cabinetwork, is from the coconut. The heart of bud at the
apex of the stem is used in salads or is cooked. The bark contains a

resin and the roots a drug.

Hazelnut (gl

Hazelnuts, Corylus spp., are found in cool temperate regions of
both hemispheres. European species, C. avellana and C. maxima, are
the source of Filberts, Cob Nuts and Barcelona Nuts. Filberts are
cultivated in Southern Europe and Oregon. Wild filberts have been
grown successfully in West-Central Wisconsin, but were eliminated by
Power Companies when considered a threat to the lines, even though
the plants never reached more than one meter in height due to freezing

temperatures in winter.

Nuts with High Protein Content
Almonds S

Almonds are probably the most popular of the high protein

nuts. They are obtained from a medium-sized tree, Prunus

amygdalus that is related to the peach and closely resembles it in
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blossoms and young fruit. Almond trees are also cultivated as
ornamentals. The almond fruit is an edible drupe, with a tough fibrous
rind surrounding the stone or “shell” and the seed or “nut.” There are
two major types of almonds; Sweet Almonds, Prunus amygdalus var.

dulcis and Bitter Almonds, Prunus amygdalus var. amara

Pistachio Nuts  (aiwdl)

Pistachio, Pistacia vera, also known as Green Almond, is a small

tree indigenous to Western Asia. The fruit is a drupe. The seed contain
two large green cotyledons with a reddish covering. These high protein
“nuts” are salted in brine while still in the shell. They are highly prized for
their color and resinous flavor and are combined with other nuts as

mixed nuts and as a flavoring material for ice cream and candy.

Nuts with High Carbohydrate Content

Acorns  Jasld) 3 jaudi 3 yal

Acorns are the fruits of oak trees, Quercus spp. They are true
nuts. Acorns have been used in America for fattening livestock,
especially hogs. They are an excellent human food, but are rarely used

except by indigenous people.

Chestnuts ¢ L)

Chestnuts, Castanea spp., are found in the eastern United

States, Japan and Europe. It was a handsome tree and furnished
valuable timber as well as excellent quality nuts. These served as food,

either raw or roasted, for over 200 years.
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Essential oils

Essential oils, or volatile oils, are found in many different plants. These
oils are different from fatty oils because they evaporate or volatilize on
contact with the air and they possess a pleasant taste and strong
aromatic odor. They are readily removed from plant tissues without any
change in composition. Essential oils are very complex in their chemical
nature. The two main groups are the hydrocarbon terpenes and the
oxygenated and sulphured oils.

These oils do not have any obvious physiological significance for
the plant. They may represent byproducts or metabolism rather than
foods. The characteristic flavor and aroma that they impart are probably
to some advantage in attracting insects and other animals, which play a
role in pollination or in the dispersal of the fruits and seeds. When in
high concentration, these same odors may serve to repel enemies of the
plants. The oils may also have some antiseptic and bactericidal value.

All the distinctly aromatic plants contain essential oils. They occur
in over 60 families and are especially typical of the Lauraceae,
Myrtaceae, Umbelliferae, Labiatae and Compositae. The oils are
secreted by internal glands or in hair like structures. Almost any organ of
a plant may be the source of the oil. Examples are flowers (rose),
leaves (mint), fruits (lemon), bark (cinnamon), wood (cedar), root
(ginger) or seeds (cardamom).

These oils are extracted from the plant tissues in different ways
depending on the quantity and stability of the compound. Three
principal methods are: expression, distillation and extraction by

solvents.
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Perfumes

The most valuable perfumes are combinations of several
essential oils. Frangipani, for example, contains sandalwood, sage,
neroli, orris root, and musk, while one of the formulas for Eau de
Cologne, which dates from 1709, calls for neroli, rosemary, lemon and
bergamot dissolved in pure alcohol and aged.

Perfumes also contain fixatives, which are substances that are
less volatile than the oils and which delay and so equalize
evaporation. These may be of plant or animal origin. Musk, ambergris,
and civet are frequently used for this purpose. Balsams and oleoresins,
such as benzoin, styrax, and oak moss; essential oils with a low rate of
evaporation like orris, patchouli, elary sage, and sandalwood; and

various synthetic materials are also used.

Perfume Oils

Some of the more important essential oils used in the

manufacture of perfumes are as follows:

Otto of Roses

This is valuable oil that is also called Attar of Roses. It has been
one of the most favorite perfumes either in combination with other oils or

alone.

Geranium
Pelargonium spp. leaves vyield an essential oil after
distillation. Geranium oil is widely used as an adulterant of or a

substitute for Otto of Roses in making perfumes and soap.
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Cassie or Acacia

Flowers of the Sweet acacia, Acacia farnesiana, Yyield an
essential oil that is almost as valuable as Otto of Roses. It is a thorny
small tree of the West Indies. The oil is removed from the petals by
maceration with cocoa butter or coconut oil, or by extraction. It is similar
to the odor of violets and is widely used for sachets, powders and

pomades.

Neroli J&ul a3

This oil, obtained from orange blossoms, is extensively used in

blends and for mixing with synthetic perfumes. True oil of Neroli, or
Neroli Bigarade, is distilled from flowers of the Bitter
orange, Citrus aurantium. Neroli  Portugal is from the Sweet

orange, Citrus sinensis.

Bergamot
This is greenish oil that is expressed from the rind of

the Bergamot (Citrus aurantium subsp. bergamia). It has a soft sweet
odor and has been widely used in the United States for adding scent to
toilet soaps and in mixed perfumes. Italy and Sicily have been the chief
exporters.

Lavender

Lavender perfumes are very old and were used by the Romans in
their baths. It is still one of the most important scents. Lavender has a
clean odor and the dried flowers are used in sachets and for scenting
chests and drawers.

Violet

One of the most popular perfumes is made from violets. Blue and

purple double varieties of Viola odorata, native to Europe, are grown
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mainly in the vicinity of Nice. Solvents or maceration with hot fats
extracts the oil.

Jasmine

A highly esteemed perfume, Jasmine is cultivated in southern
France and surrounding areas. The main source is Jasminum
officinarum var. grandiflorum, which is usually grafted on a less desirable
variety. The flowers are picked as soon as they are open and the oil is

extracted by enfleurage.

Rosemary
Rosemary, Rosmarinus  officinalis, is a native of the

Mediterranean region. It has long been a favored sweet-scented plant
and has been important in the folklore of many countries. It is one of the
least expensive and most refreshing odors. The plant is a small
evergreen shrub that is cultivated in Europe and the United States. The
oil is extracted by distillation of the leaves and fresh flowering tops or by
extraction. It is used in Eau de Cologne, toilet soap and medicine. The

leaves are valuable as a spice.

Sandalwood

The oil is obtained by distillation from the wood of Santalum
album and related species. The tree grows wild in India and other parts
of Southeastern Asia and is cultivated in many other areas. The oil is
used throughout the Orient as a perfume and also in medicine. It is an
excellent fixative and is used in blends. The sweet-scented wood is
made into chests and boxes. Demand for sandalwood has been very
great, resulting in the eradication of the species in many areas. Several

substitutes have been used.
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Essential Oils Used in Other Industries

Camphor
Camphor is an important essential that is wused iIn

industry. Commercial camphor, called camphor gum, consists of tough,
white translucent masses or granules with a penetrating odor and
pungent aromatic taste. The oil is obtained by distillation of the wood of
the camphor tree, Cinnamomum camphora, and native to China, Taiwan
and Japan. Only trees 50 years of age or older were used and every
stages in the process was carefully regulated. The wood is reduced to
chips or ground to a fine powder and the leaves are also ground
up. This is then distilled with steam for several hours and the crude
camphor crystallizes on the walls of the still. This is removed and must
be purified before it is ready for market. Synthetic camphor from pinene,
a turpentine derivative, gradually dominated the market.

The principal use of camphor has been in the manufacture of
celluloid and various nitrocellulose compounds. It also has a wide range
of medicinal uses, both internally and externally. It is also used in

perfumery.

Cedarwood OiIl

This inexpensive oil is obtained by steam distillation from the heartwood

of the Eastern red cedar, Juniperus virginiana, and related
species. Wood chips, sawdust, waste from the lead pencil and other
industries, old stumps, roots and even fence rails have been
utilized. Cedarwood oil is also used in perfumery, soaps, deodorants,
liniments, cleaning and polishing preparations and as an adulterant of
expensive sandalwood and geranium oils. It has insecticidal properties

and is used as a moth repellent and in fly sprays.
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Fatty Oils
Fatty oils are fixed oils because they do not evaporate or become

volatile. They cannot be distilled without being
decomposed. Chemically fatty oils are close to animal fats. They
contain glycerin in combination with a fatty acid. They are liquid at room
temperature and usually contain oleic acid. However, fats are solid at
room temperature and contain palmitic or stearic acid. Fatty oils are
insoluble in water but soluble in several organic solvents. Breakdown
products of fats are fatty acids and glycerin accompanied by a rancid
odor and taste.

Fatty oils occur in many plant families, both tropical and
temperate. They are stored, frequently in large amounts, in seeds and
somewhat in fruits, tubers, stems and other plant organs. They may also
contain proteins. This kind of reserve food material is available as a
source of energy for the processes involved in seed germination. Fatty
oils are bland and lack the strong taste, odor and antiseptic qualities of
essential oils. Thus they are suitable for human food. These edible oils
contain both solid and liquid fats and form an important part of the
human diet.

Extraction of fatty oils varies. Usually the seed coats have to be
removed and then the remainder is reduced to a fine meal. The oils are
removed by solvents or by subjecting the meal to hydraulic
pressure. The residue is rich in proteins and is valuable as an animal
food and fertilizer. Pressure causes the cell walls to break and the fats
are released. The extracted oils are filtered and may be further
purified. Higher grades are edible and lower grades are used in various

industries. Fatty oils may also have medicinal value.
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Four classes of plant fatty oils are (1) drying oils, (2) semidrying
oils, (3) nondrying oils, and (4) fats or tallows. The drying oils can
absorb oxygen and on exposure dry into thin elastic films. These oils
are importance in the paint and varnish industries. Semidrying oils
absorb oxygen slowly and only in small amounts. They form a soft film
only after long exposure to air. Some are edible; others are used as
illuminants or in making soap and candles. The nondrying oils remain
liquid at room temperature and do not form a film. Such oils are edible
and may be used for soap and lubricants. The fats are solid or semisolid
at room temperature. They are edible and also useful in the
manufacture of soap and candles. Drying and semidrying oils are more
common in plants of temperate climates, while nondrying oils and fats

predominate in plants of tropical areas.

Drying Oils

Linseed Oil sl 34 e

Flax seed, Linum usitatissimum, has been the source of one of
the most important of the drying oils. The oil content is 32-43
percent. The seeds are collected and stored for several months. Then
impurities are removed and the seeds are ground to a fine meal. The oil
Is usually extracted by pressure with heat or by the use of solvents.
Linseed oil varies from yellow to brownish in color and has an acrid taste
and smell. It forms a tough elastic film when oxidized. Linseed oil has
been used mainly in making paints, varnishes, linoleum, soft soap and

printer’s ink.
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Soybean Oil

Soybean, Glycine max, is native to China and has been a most
important food plant in Eastern Asia. The oil is extracted from the seeds
by expression with hydraulic or expeller presses or by the use of
solvents. The oil content of improved varieties now exceeds 22
percent. After refining, soybean oil has been widely used in salads or as
cooking oil and for other food purposes. It is also used in the
manufacture of soap, candles, varnishes, lacquers, paints, linoleum,
greases, rubber substitutes, cleaning compounds disinfectants and

insecticides.

Safflower Oil ala il

Safflower, Carthamus tinctorius, is the source as a dye as well as
oil from its seeds. It is extensively cultivated in Egypt, India and the
Orient and somewhat in North America. It is widely used in
Mexico. Uses include manufacture of paints, soap, varnishes, illuminant

and edible oil.

Semidrying Oils

Cottonseed Oil

The most important of the semidrying oils, cottonseed oil is used as
the standard of comparison. The pure refined oil is of value as a salad
and cooking oil and for making margarine and lard substitutes. The
residue is the source of various products that have a wide range of
industrial uses. Among these are soap, oilcloth, washing powders,

artificial leather, roofing tar, insulating materials, putty, glycerin and
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nitroglycerin. Cottonseed meal is important as a food for animals and as

a fertilizer.

Corn Oil

There is about 50 percent oil located in the embryo of maize
kernels. It is used for a wide variety of purposes. Refined oil is for
human consumption either directly or in margarines, while the crude oil
has industrial uses such as the manufacture of rubber substitutes,

paints, soaps. Corn oil has little lubricating value.

Sesame OIl

Also known as gingelly oil, sesame oil is the product of seeds of
an annual herb, Sesamum indicum. The seeds contain about 50 percent
oil that is easily extracted by cold pressure. The finer grades are
tasteless and nearly colorless and are used as a substitute for olive oil in
cooking and in medicine. Enormous quantities of sesame oil are used in
Europe in the manufacture of margarine and other foods. Poorer grades
of oil are used for soap, perfumery and rubber substitutes and
sometimes as a lubricant. In India the oil is used for anointing the body,
as fuel for lamps and as food. Oil cake is a good cattle feed, and

sesame seeds are also used in confectionery and baking industries.

Sunflower Oil

Common sunflower seeds, Helianthus annuus, contain 32-45
percent of light golden-yellow oil equal to olive oil in its medicinal and
food value. It is an excellent salad oil and is used in margarines and lard
substitutes. The seeds are a nutritious bird and poultry food, while the
oil cake is excellent for livestock and the whole plant is often grown for

silage. The oil has semidrying properties rendering it useful in the
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varnish, paint and soap industries. Its origins probably lie in South

America but it is cultivated worldwide.

Nondrying Oils

Olive Oil

The fruits of the olive, Olea europaea, provide olive oil, and it is
the most important of the nondrying oils. The tree is a small evergreen
cultivated principally in Mediterranean countries. These oils are golden
yellow, clear and limpid. They are used chiefly as salad and cooking
oils, in canning sardines and in medicine. Inferior grades have a

greenish tinge and are used for soap making and as lubricants.

Peanut Oil

Seeds of the common peanut, Arachis hypogaea, originally from
South America, provide peanut oil. The seeds are shelled, cleaned and
crushed, and both hydraulic presses and expellers express the oil. The
filtered and refined oil is edible and used as a salad oil, for cooking, for
packing sardines, in making margarine and shortenings, and as an
adulterant for olive oil. Inferior grades are for soap making, lubricants,

and illuminants.

Castor Oil

Seeds of Ricinus communis furnish versatile oil. The plant is a
coarse erect annual herb that is cultivated in both temperate and tropical
regions. In North America it is a favored ornamental plant but has been
grown for its oil. Caution is required in handling the plant which has
poisonous qualities. The chief use of castor oil used to be in medicine,

where it acts as a purgative. Presently most of the production is utilized
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In industry in the manufacture of over 25 different products. It is water
resistant and thus may be used for coating fabrics and for protective
coverings for airplanes, insulation, food containers, firearms, etc. Itis an
excellent lubricant especially for airplane engines. Castor oil may also
be used in making soap, inks and plastics, for preserving leather and as

an illuminant.

Vegetable Fats

Coconut Oil

Widely used fatty oil, coconut oil is obtained from the dried white
interior of the seed of Cocos nucifera. This oil is pail yellow or colorless
and is solid below 74 deg. Fahrenheit. It is used in candy industry and
for making the highest quality soaps, cosmetics, salves shaving creams,
shampoos, suntan lotions, etc. It is used for marine soaps and also as

an illuminant.

Palm Oil

This is a white vegetable fat that is solid at room temperature and
which is obtained from the seeds of the African oil
palm, Elaeis guineensi, a tree of Western Africa. Palm oil is used in
making soap and in the manufacture of tin plate, terne plate and cold
reduced sheet steel. The refined oil is used in margarine and vegetable

shortenings. It has also been used as a fuel for diesel motors in Africa.

Waxes
Waxes usually occur on the epidermis of leaves and fruits where

they serve to prevent water loss through transpiration. The impervious

207




BOTANY (1)

waxes are harder than fats and have a higher melting point. They do not
become rancid and are less easily hydrolyzed. Chemically waxes are
similar to fats, but they are esters of monohydric alcohols rather than

glycerides. Very few are of commercial importance.

Jojoba Wax

Jojoba is an evergreen bush, Simmondsia chinensis, of semiarid
regions on the southwestern United States and northwestern Mexico. it
IS unique in having seeds with a 50 percent liquid wax content. This wax
Is suitable for polishes, candles and as a substitute for whale oil. It is
also useful as an illuminant and, after processing, for several types of

foods.

Fibers & Fiber Plants

Plants yielding fibers have been second only to food plants in their

usefulness to humans and their influence on the furthering of
civilization. Primitive humans in their attempts to obtain the three most
important necessities for life: food, shelter & clothing, focused on
plants. Even though animal products were available, some form of
clothing was needed that was lighter and cooler than skins and hides. It
was easier to obtain from plants such items as bowstrings, nets, snares,
etc. Also plant products were available from the leaves, stems and roots

of many plants to construct shelter.

Economic Classification (Fibers)

Plastic materials are often used instead of natural products
because they cost less and sometimes tend to be more

durable. However, natural plant products continue to have some
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superior attributes and are used when materials are readily
available. There are six principal groups of fibers distinguished

according to the way in which they are used.

Textile Fibers are the most important in that they are used for

fabrics, cordage and netting. To make fabrics and netting flexible fibers
are twisted together into thread or yarn and then either spun, knitted,
woven or in some other way utilized. Fabrics include cloth for wearing
apparel, domestic use, awnings, sails, etc., and also coarser materials
such as gunny and burlap. Fabric fibers are all of some commercial

value

Brush Fibers are stiff tough fibers including small stems and

twigs that are utilized for making brooms and brushes.

Rough Weaving & Plaitling Fibers. Plaits are fibrous, flat and

pliable strands that are interlaced to make straw hats, baskets, sandals,
chair seats, etc. The most elastic strands are woven together for
mattings and the thatched roofs of houses. The supple twigs or woody

fibers are for making chairs, baskets and other wickerwork.

Filling Fibers are used for stuffing mattresses, cushions and in

upholstery; for caulking seams in boats and in casks and barrels; as

stiffening in plaster and as packing material.

Natural Fabrics are usually obtained from tree basts that are

extracted from bark in layers or sheets and pounded into rough
substitutes for lace or cloth.

Fibers for Paper Manufacture includes textile fibers and wood

fibers that are used in either the raw or manufactured state.
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A plant cannot be restricted absolutely to any single group
because the same fiber may be used for different purposes. Also, a
plant may yield more than one kind of fiber. Thus the following
discussion includes species that are considered in the group in which

they are of the greatest importance.

Structure & Occurrence (Fibers)

All fibers are similar in that they are sclerenchyma cells that serve
as part of the plant skeleton. They are predominantly long cells with
thick walls and small cavities and usually pointed ends. The walls often
contain lignin as well as cellulose. Fibers occur singly or in small
groups, but they are more apt to form sheets of tissue with the individual
cells overlapping and interlocking.

Fibers may occur in almost any part of a plant. stems, leaves,
fruits, seeds, etc. The four main types grouped according to their origin
include bast fibers, wood fibers, sclerenchyma cells associated with the
vascular bundle strands in leaves, and surface fibers that are hair like
outgrowths on the seeds of the plants.

Fibers of economic importance occur in many different plant
families, especially those from the tropics. Some of the more important
families are the Palmaceae, Gramineae, Liliaceae, Musaceae,
Amaryllidaceae, Malvaceae, Urticaceae, Linaceae, Moraceae, Tiliaceae,

Bromeliaceae, Bombacaceae, and Luguminosae.

Textile Fibers

These fibers must be long and possess a high tensile strength
and cohesiveness with pliability. They must have a fine, uniform,

lustrous staple and must be durable and abundantly available. Only a
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small number of the different kinds of fibers possess these traits and are
thus of commercial importance. The principal textile fibers are grouped
into three classes: surface fibers, soft fibers and hard fibers, with the
last two often referred to as long fibers.

Surface or short fibers include the so-called cottons. The soft
fibers are the bast fibers that are found mainly in the pericycle or
secondary phloem of dicotyledon stems. Bast fibers are capable of
subdivision into very fine flexible strands and are used for the best
grades of cordage and fabrics. Included are hemp, jute, flax and ramie.

Hard or mixed fibers are structural elements found mainly in the
leaves of many tropical monocots, although they may be found in fruits
and stems. They are used for the more coarse textiles. Sisal, abaca,
henequén, agaves, coconut and pineapple are examples of plants with
hard fibers.

Surface Fibers

Cotton

Cotton (Gossypium spp.) is one of the greatest of all industrial
crops. It is the principal fiber plant as well as one of the oldest and most
economical. It was known since ancient times and well before written

records.

Kinds of Cotton

Hundreds of varieties have been developed from wild ancestors
or produced by breeding during the long period of cultivation. Varieties

differ in fiber character as well as other morphological features.
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Gossypium barbadense probably originated in tropical South

America. The flowers are bright yellow with purple spots. The fruit, or

boll, has three valves, and the seeds are fuzzy only at the ends.

Egyptian Cotton This cotton is grown in the Nile basin of Egypt

where it was introduced from Central America. The plant is similar in
appearance to sea-island cotton and is believed to be a
hybrid. However, the staple is brown in color and shorter. Its length,
strength, and firmness make this cotton suitable for thread,

undergarments, hosiery, and fine dress goods.

Cotton Uses

Cotton is used either by itself or in combination with other fibers in
the manufacture of all types of textiles. Unspun cotton is extensively
used for stuffing purposes. Treating the fibers with caustic soda, which
imparts a high luster and silky appearance, makes Mercerized
Cotton. Absorbent Cotton consists of fibers that have been cleaned and
from which the oily covering layer has been removed. It is almost pure
cellulose and makes up one of the basic raw materials of various

cellulose industries.

Soft or Bast Fibers

Flax _¢usl)

Once the most valuable and useful of fibers, flax gradually
became less important as synthetics and cotton assumed more
prominent roles. Flax is more durable than cotton and can yield a very
fine fabric. Flax is in the genus Linum that contains several wild species
of no economic importance as well as Linum usitatissimum, the source

of the commercial fiber. The plant is an annual herb with blue or white
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flowers and small leaves. It grows to a height of from 1-4 ft. The fibers
are formed in the pericycle and are made up of very tough, stringy
strands from 1-3 ft. long that are aggregates of many long pointed cells
with very thick cellulose walls. Preparation of the fibers is a more
expensive procedure than for cotton. The crop is harvested and a
process known as rippling breaks the stems. The fibers may then be
rotted out by submerging the stems in water or by exposing them to
dew. During this process called retting and enzyme dissolves the
calcium pectate of the middle lamella, which holds the cells together,
and frees the fibers. After retting the straw is dried and cleaned and the
fibers are completely separated from the other tissues of the stem by an
operation known as scutching. Finally the shorter fibers that constitute
the tow are separated from the longer fibers. The long fibers are the only

ones suited for spinning.

The fibers of flax have great tensile strength, staple length,
durability and fineness. They are used in the manufacture of linen cloth
and thread, canvas, duck, strong twine, carpets, fish and seine lines,
cigarette paper, writing paper and insulating materials. Fibers from the
stalks of flax grown for seed are too harsh and brittle for spinning but

may be used for other purposes.

Hemp

The term “hemp” is applied loosely to include a number of very
different plants and fibers. The true hemp is Cannabis sativa, a plant
native to Central and Western Asia but has spread worldwide where it
often occurs as a troublesome weed. Hemp has been used to make
ropes, carpets, twine, and sailcloth, yacht cordage, binder twine, sacks,
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bags and webbing. The waste and woody fibers of the stem were

sometimes used to make paper.
Jute

Jute has been used almost extensively as cotton even though it is
much less valuable than either cotton of flax. It is a bast fiber obtained
from the secondary phloem of two species of Corchorus of Asia. The
best quality is from C. capsularis, a species with round pods that is
grown in lowland areas subject to flooding. The plant is a tall, slender,
somewhat shrubby annual with yellow flowers that grows to a height of
8-10 ft. It requires a warm climate and a rich, loamy alluvial soil. Fiber
from C. olitorius, and upland species with long pods, is somewhat
inferior but the two are not separated in commerce.

Jute has been used mainly for rough weaving into burlap bags,
gunnysacks and covers for cotton bales. The fiber is also used for twine,
carpets, curtains and coarse cloth. Short fibers and pieces from the
lower ends of the stalks make up jute butts that have been used in paper

manufacture. India has the largest acreage of jute.

Agave Fibers

By the middle of the 20th Century agave fibers were next to
cotton in importance in America. These plants are stemless perennials
with basal rosettes of erect fleshy leaves. The leaves contain fibers that
are removed either by hand or machine. There are numerous species of
local occurrence. They are very drought tolerant and flourish in dry

sterile solls.

214




BOTANY (1)

Wickerwork — gagdl Jus)

This includes chair seats, chairs, infant carriages, hampers and
other light articles of furniture. Willows, rattan and bamboo are the main

plants used.

Rattanis obtained from several species of climbing
palms, Calamus spp., that grow in the humid forests of the East Indies
and other parts of tropical Asia. The stems of these plants are long,
strong, flexible and uniform. They are used either entirely or as splits in
Asia for furniture, canes, baskets and other items. A considerable

quantity of rattan is exported for making furniture.

Bamboos occur in most tropical areas, but they are especially
abundant in the monsoon regions of Eastern Asia. They are the largest
of the grasses with woody stems that sometimes reach one foot in
diameter and a height of over 10 feet. The stems are used for all kinds
of construction in areas where these plants grow. Exported bamboo is
used in the manufacture of furniture, fishing rods and implements of

various kinds. Bamboo splits are made into baskets and brushes.
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Wood & Cork

Forest products have been of service to humans from the very

beginnings of our history (Hill 1952). The most familiar, and the most
important, of these products is wood. Wood is used in all types of
construction, as a fuel and as a raw material of the paper and rayon
industries. Other products include rubber, cork, many of our tanning
materials and dyes, resins gums, oils, drugs and even sugar, starch and
some chemicals. Additionally, the seeds and fruits of many trees may
serve as food for humans or their livestock.

In addition to being of value to humans, forests themselves have
many utilitarian features. They help to regulate climate and
temperature. They aid in the conservation of the water supply and in
flood control by preventing water runoff. Their roots hold the soil firmly in
place and control erosion. They may also act as shelter area against
drying winds. They afford a range for livestock, a shelter for wild life and
offer many recreational aspects for humans, the importance of which
cannot be underestimated.

This section is limited in discussion to wood and cork following the
format of Hill (1952). Other useful materials from trees are considered in
other sections together with similar economic products from other

sources.

WOOD STRUCTURE
Wood is a plant secondary tissue that is formed mainly in the

stems of gymnosperms and dicotyledons through the activity of a
growing layer, the Cambium. The cambium is responsible for the growth
of stems in thickness through the formation annually of new layers of
both wood and bark.
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Composition of Wood

Wood is a heterogeneous tissue made up of several different
kinds of cells, some that have the function of mechanical support and
others that of conduction. In softwoods, or gymnosperms, both these
functions usually occur in cells called Tracheids. In hardwoods, or
angiosperms, a division of labor usually exists. Mechanical support is
provided by the several types of wood fibers that make up a greater part
of the woody tissue, while the conduction of water is by tubular cell
fusions called Vessels. Tracheids are also occasionally present. Wood
also functions in the distribution and storage of carbohydrate that is
accomplished in the Parenchyma Cells. These are the only parts of the
wood that is truly living and which contains protoplasm. Parenchyma
cells occur in two forms, (1) wood parenchyma and (2) ray
parenchyma. The former are arranged vertically in the stem while the

latter are horizontal.

Early & Late Wood

In temperate climates new wood is formed annually during a

limited growing season and definite growth layers result. These usually
have two distinct areas within each layer. In springtime when growth
resumes, the first wood to be formed contains many large and thin-
walled cells as a response to the greater need for conducting
nutrients. This is the early wood or spring wood. As the season
progresses a more dense kind of wood is laid down that has smaller,
thicker walled cells, the late wood or summer wood. This produces a
sharp transition between the cells formed at the end of a growing season
and those formed at the beginning of the succeeding one. In cross
section this appears as concentric rings called Growth Rings. The

growth ring of one year is called an annual ring and the number of these
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indicated the tree’s age. In the tropics where growth may continue
throughout the year growth zones may occur also, but they are due to
changes in weather or other causes rather than to definite growth

periods.

Sapwood & Heartwood

When young all wood cells are physiologically active. But in time
many of them lose their activity and become skeletons that serve only to
provide strength to the tree. Eventually two distinct areas develop: (1) a
light colored outer region of varying width, the sapwood, and (2) a darker
inner region the heartwood. Only parenchyma cells in the sapwood
remain physiologically active. The older cells of the heartwood that have
died often attain a color and are very resistant to decay because of the
deposition in them of gums, resins or other waste substances. This
heartwood can be polished to a high luster and is valuable in making
furniture, cabinets and other woodworking aspects. Although heartwood
Is generally distinct from sapwood in durability, appearance, etc., it may

not always be very clearly differentiated.

FOREST PRODUCTS AS FUEL

Fuel is an indispensable necessity of life both in home and

industry. Any material that burns readily in air can be utilized, but this
includes a great variety of plant products. The most important of these
are wood, peat and coal, which represent different stages in the

carbonization of the original plant tissue.

Wood

Farms and rural communities have accounted for about 90

percent of the total amount of wood used for fuel. Wood makes an
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excellent fuel because it is about 99 percent combustible when dry and
so leaves only a small amount of ash. It is also flaming fuel and well
adapted for heating large surfaces. The value of different kinds of wood

for heating purposes depends on the amount of moisture present.

Coal
Coal comprises the fossilized remains of plants that lived in
former geological periods (Hill 1952). The original plant tissue has been
more fully decomposed and converted into carbon. Coal is much harder
and more compact than peat or lignite, and has a greater heating
power. It also yields a larger amount of smoke and ash. Coal is a
comparatively inexpensive source of power and heat and also of many

useful chemical products.

Petroleum
It has been generally believed that petroleum had an organic origin and
was formed under pressure from the minute floating plant and animal life
of former shallow seas. Crude petroleum has many uses, but the
substances derived from it by fractional distillation are of much greater
iImportance. Among these products are gasoline, kerosene, plastics,

petroleum jelly, medicines and paraffin.

CORK

Cork or corkwood consists of the outer bark of the tree, which can

be harvested without injury to the tree. It is renewed annually. The rich
dark-red color of the exposed areas is one of the typical sights in a cork

forest that is being used for commercial purposes. It is obtained
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commercially mainly from the Cork oak, Quercus suber, a tree native to

the Mediterranean region.

Uses of Cork

A great variety of products are manufactured from cork. Articles
that have been made from natural cork include bottle stoppers, hats and
helmets for use in tropical areas, tips for cigarettes, carburetor floats,
handles for golf clubs, penholders, fishing rods, mooring buoys, floats,
life preservers, life jackets, surf balls, baseball centers, decoys, mats,

tiles, etc.

Tanning

Tannins are organic compounds, mostly glucosidal, which have an
acid reaction and are very astringent. They may be concerned with the
formation of cork or pigments, or with the protection of the
plant. Tannins are of economic interest because of their ability to unite
with certain types of proteins, such as those in animal skins, to form a
strong, flexible, resistant insoluble substance known as
leather. Because of this characteristic, tannin-containing materials are in
great demand.

Most plants contain some tannin, but only a few species have a
sufficient quantity to be of commercial importance. Tannins are found in
the cell sap or in other definite areas in bark, wood, leaves, roots, fruits
and galls. Such structures are of little value for other purposes, so that

the extraction of tannin is usually incidental to other industries.
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Sources of Tanning Substances

Oak 4o gLl

Several species of American oaks used for

tanning. The Chestnut Oak, Quercus montana, is abundant in
Appalachia. It has tannin content of 6-11 percent. It has tannin content
of as high as 29 percent. Red Oak, Quercus borealis, and White
Oak, Q. alba, are used to some extent but they have lower amounts of

tannin.

Mangrove
Mangrove is a good source of tannin and gradually became more

important as other sources diminished. The Red Mangrove, Rhizophora
mangle, has been the main source. It is abundant in tropical swamps of
both hemispheres. The bark is very hard and heavy and contains 22-33
percent tannin. However, it causes the leather to darken and is therefore
rarely used alone.

Ink Manufacture

Writing inks date back to ancient times. In Egypt ink was used on
papyrus before 2,500 B.C. and the oldest writings in China are dated to
at least 2,600 B.C. Originally carbon ink was used, which is a
combination of gums, charcoal and varnish. The charcoal was secured
from plant sources such as charred date seeds or it was of animal
origin. The two most important modern inks are Carbon Inks and Tannin

Inks.

Carbon Inks

These are paint like inks that remain on the surface of paper while

the others are dyelike and soak into the paper where they combine
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chemically with the fibers. India or Chinese Ink is very permanent ink
that is made from the carbon black, lampblack, or soot obtained by
burning pinewood or a vegetable oil such as tung or sesame, mixed with
glue, gum arabic, or some similar sizing material. Printing Ink contains
carbon obtained from natural gas, petroleum, or other materials,
combined with rosin, a drying oil such as linseed, some chemical drier

and often soap.

Tannin Inks

These utilize the property of tannin that combines with iron salts
to produce a blue-black color. Most are gallotannate in nature, the
tannin being derived from insect galls that also contain gallic
acid. Tannin inks were first used in the 11th Century. Aleppo or nutgalls
have been the main source of the tannin. These galls are formed on the
twigs of the Aleppo oak, Quercus infectoria, as a response to the injuries
caused by egg laying insects. The plant is a small shrub that ranges
throughout the Mediterranean region. The small spherical or pear-

shaped galls form in great quantity and have very high tannin content.

Dyes and Pigments

Natural dyestuffs and stains, obtained from the roots, bark, leaves,
fruit or wood of plants, have been in use worldwide from earliest time.
These synthetic dyes are brighter, more permanent, easier to use, are
less costly and afford a wider range of colors. Their development has
gradually led to the abandonment of most of the plant products.

There are over 2000 different pigments secreted by plants. The
principal use of dyes has been in the textile industry. Dyes are also used
for coloring paints, varnishes, leather, ink, paper, wood, furs, food,

cosmetics and medicines.
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Almost all colors were available that occurred in plant
pigments. Red dyes were obtained from alkanna, barwood, brazilwood,
cudbear, logwood, safflower, sappanwood and sandalwood. Yellow
dyes were from annatto, fustic, gamboge, henna, osage orange, Persian
berries, quercitron, saffron, tumeric and weld. Blues were from cudbear,
indigo, and woad. Greens were from chlorophyll and lokaio; and brown

was from cutch.

Leaf Dyes
Indigo (Al

Indigo or Anil was known as the “King of the Dyes,” due to the

permanency and strength of its deep-blue color. Synthetics have largely
replaced it today, however. It is obtained from Indigofera tinctoria of
Asia and Indigofera suffruticosa of tropical America, as well as several
other species of the same genus. The leaves contain a soluble colorless

glucoside, indican, which oxidizes in water to form the insoluble indigo.

Chlorophyll

Being present in all green plants, chlorophyll is especially typical
of the leaves of the higher plants from which it can be extracted with
different solvents. Chlorophyll is important as a coloring substance for
foods, soap and other products. It is especially valuable by being

harmless and serving as a deodorant.

Henna

The leaves and young shoots of Lawsonia inermis provide an
orange dye. The leaves are dried and ground to a paste. Henna is a fast
dye that was once used mainly for leather and fabrics. It also serves for

dyeing eyebrows, fingernails, hair and other personal adornment.
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Flower Dyes

Safflower

Carthamus tinctorius is a dye plant native to India. The flowers
are used to color food and the seeds furnish edible oil that is low in
cholesterol. The leaves are also used in salads. The yellow or orange
thistle like heads are picked in dry weather dried and pressed into
cakes. An extracted red dye is used for fabrics and rouge and a yellow

dye is for various purposes.

Saffron

Crocus sativus is the source of an old and strong yellow dye. The
lavender colored flowers blossom in autumn. The coloring substance is
soluble in water so it may not be used for fabrics. However, it is useful

for coloring medicines and food to which it also imparts a typical flavor.
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Medicinal Plants

Plants have been used from ancient times to attempt cures for diseases
and to relive physical suffering. Ancient peoples all had acquired some
knowledge of medicinal plants. Drug plants were always of especial

interest. As early as 5,000 B.C. many drugs were in use in China.

Drug Plants

That branch of medical science dealing with the drug plants
themselves is known as Pharmacognosy. It is concerned with the
history, commerce, collection, selection, identification and preservation
of crude drugs and raw materials. The action of drugs
iIs Pharmacology. Worldwide there are several thousand plants that
have been and are still being used for medical purposes.

A plant’s medicinal value is due to the presence in its tissues of some
chemical substance or substances that produce a physiological action
on the body. Most important are the alkaloids, compounds of carbon,
hydrogen, oxygen and nitrogen. Glucosides, essential oils, fatty oils,

resins, mucilages, tannins and gums are all utilized.

Drug Classification

Many methods have been proposed to classify drugs and drug
plants. Classifications can be based on the chemical nature or the
therapeutic value of the plant product, the natural affinities of the various
species or the morphology of the plant organ from which the drug is

obtained.
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Drugs from Plant Roots

Aconite

This is obtained from the tuberous roots of the
monkshood, Aconitum napellus. Although poisonous, its use In
medicine is comparatively recent. It is used externally for neuralgia and

arthritis, and internally to relieve fever and pain.

Colchicum
Dried corms of the meadow saffron, Colchicum autumnale, are
the source of colchicum. Itis a perennial tulip like herb of Europe and
Northern Africa. It possesses an alkaloid, colchicine, which is used in
the treatment of arthritis and gout. Colchicine has the ability to double

the chromosomes in genetics studies.

Gentian (Bitterroot)

Gentiana lutea is a tall perennial herb with striking orange-yellow
flowers. The rhizomes and roots are dug out in the fall, sliced and
dried. They contain several glucosides that are valuable as a tonic for

they can be used with iron salts.

Ginseng
Ginseng has been used in China since ancient times, where it is

used to cure an array of diseases. In America ginseng is used as a

stimulant and stomachic.

Ipecac
Several species are the source of this well-known drug, but the main

source consists of the dried rhizome and roots of Cephaelis
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Ipecacuanha. The main ingredient is Emetin, a white, bitter, colorless
alkaloid. Ipecac is used as a diaphoretic emetic and expectorant. It is

valuable in the treatment of amoebic dysentery and pyorrhea.

Jalap
This is a resinous drug obtained from the tubers of Exogonium

purya, a twining, morning glory-like vine of the woodlands of eastern
Mexico. The roots are collected and dried over fires. Jalap is used as a

purgative.

Licorice (up= 3

This is a product that is known from ancient times. The roots are
dried in sheds for several months and are shipped in cylindrical
pieces. Licorice is used in medicine as a demulcent and expectorant
and to disguise the flavor of medicinal preparations. However, most of
the supply is used as a flavoring material in the tobacco and candy
industries and in the manufacture of shore polish. There are also many
other industrial uses for licorice. It has a compound, glycyrrhizin, that is

50-times sweeter than sugar.

Drugs from the Bark of Plants

Cascara
Cascara is obtained from the reddish-brown bark of the western
buckthorn, Rhammus purshiana, a tree of the northwestern United
States and southwestern Canada. The bark is peeled in long strips
during the summer and dried on racks. It is stored for a year before
being used as a tonic and laxative.
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Curare
Curare can cause progressive paralysis and eventual cardiac
failure. These lethal effects are due to several alkaloids. One of these,
curarine, has now been available to medicine for use in shock therapy,
and as an ideal muscle relaxant. Curarine is also used for chronic
spastic conditions, in surgical operations and tetanus and as a powerful

sedative.

Quinine
One of the most important of all drugs, quinine has been a boon
to mankind because it is the only adequate cure for malaria. Although
some synthetic products are available, they only complement quinine
and are not substitutes for it. Quinine is obtained from the hard thick
bark of several species of the genus Cinchona, evergreeen trees of the

Andes of South America.

Drugs from Stems & Woods

Ephedrine
This is an alkaloid from the Asiatic Ephedra sinica. E.

equisetina and other species of the same genus. These shrubs are low
growing, dioecious, leafless with slender green stems. The drug is
extracted from the entire woody plant. In modern times it has been used
in the treatment of colds, asthma, hay fever and other medical purposes.
Guiacum

This is a hard resin that exudes naturally from the stems of the
lignum vitae trees, Guaiacum offininale and G. sanctum. It hardens into
round, glassy greenish-brown tears. It is acquired from incisions, from
the cut ends of logs or from pieces of the wood. Gum guaiac is used as

a stimulant and laxative. It is also a good indicator of oxygen in the
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air. Lignum vitae, or Ironwood, trees are evergreens native to the West

Indies and other Neotropical regions.

Drugs from Plant Leaves

Aloe
Aloes are obtained from several different sources. Curacao or
Barbados aloes are from Aloe barbadensis of the West Indies, Socotrine
aloes from Aloe perryi of East Africa and Cape aloes from A. ferox of
South Africa. These are tropical and subtropical fleshy plants with
showy flowers. The leaves contain a resinous juice with several
glucosides. Aloes have been used as purgatives and as additions to skin

salves. They seem to aid in the healing process of wounds.

Belladonna

Atropa belladonnais the source of this old and important
drug. The dried leaves and tops and to some degree the roots contain
the drug. They contain several alkaloids among which hyoscyamine and
atropine are most important. Belladonna is used externally to relieve
pain and internally to curb excessive perspiration and coughs. Atropine
Is used to dilate the pupil of the eye and as an antidote for

organophosphorus insecticide poisoning.

Cocaine
Leaves of the coca shrub, Erythroxylon coca, and related species
contain cocaine. About 100 pounds of leaves yields one pound of the
drug. Cocaine has been used as a local anesthetic and as a tonic for
digestion and treatment of nervous conditions. It is addictive when used

habitually. Some evidence suggests that cocaine was used in Ancient
Egypt
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Diqgitalis

Foxglove, Digitalis purpureais native in Southern and Central
Europe and has been used to treat disorders of the heart. The dried
leaves are dried for use. It contains a glucoside, digitoxin. Its action
improves the tone and rhythm of the heart beats thereby making
contractions more powerful and complete. As a result more blood is
sent from the heart, which aids circulation and improves body nutrition

and hastens waste elimination.

Eucalyptus

The mature leaves of the blue gum, Eucalyptus globulus, contain
an essential oil that is used in medicine. Their extensive root system
may play a role in drying-out mosquito breeding habitats. Eucalyptus oil
Is obtained from the dried leaves. It is used in the treatment of throat and
nose disorders, malaria and other fevers. The colorless oil is yellow with

a unique pungent odor.

Henbane
Henbane, Hyoscyamus niger, is a coarse smelly herb native to
Europe and Asia. It has assumed weed status in other parts of the
world. The leaves and flower tops contain several poisonous
alkaloids: hyoscyamine and scopolamine. Henbane is used as a
sedative and hypnotic. It acts in a similar manner to belladonna and

stramonium, but is less powerful.

Lobelia
The Indian tobacco, Lobelia inflata, is the source of this drug that

is secured from the dried leaves and tops of wild or cultivated plants. An
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alkaloid in lobelia is used as an expectorant, antispasmodic and
emetic. Amerindians knew its properties. Some evidence suggests that

tobacco was used in Ancient Egypt.

sSenna
Senna is an ancient drug that is obtained from dried leaflets and
pods of several species of Cassia that are indigenous to arid regions in
Egypt and Arabia. Alexandrian senna is from Cassia acutifolia and East
Indian or Tinnavelly sennais from C. angustifolia. Both species are
cultivated in India. Leaves are picked, dried in the sun and

baled. Senna is used as a purgative.

Stramonium

Thorn apple or Jimson weed, Datura stramonium, is the source of
stramonium. The plant is highly poisonous and occurs worldwide
although its origin was thought to be in Asia. However, Amerindians
knew of its narcotic properties. The drug is extracted from the dried
leaves and flowering tops. The active principles are alkaloids that
include hyoscyamine, atropine and scopolamine. The drug has been
used as a substitute for belladonna for relaxing the bronchial muscles in

asthma treatment. It has also been used in Asia for its narcotic effects.

Wormwood

A perennial plant of Northern Asia, Northern Africa and Europe,
wormwood, Artemisia absinthium, is the source of an essential oil
obtained by steam distillation from dried leaves and tops of the
plant. The greenish liquid has been used in liniments. Over dosage can
result in deleterious consequences. Its principal use is to flavor the

liqueur absinthe, the wuse of which is prohibited in some
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countries. Absinthe contains other aromatics as well as

wormwood. The plant has been grown in Oregon and Michigan.

Drugs from Flowers

Chamomile

Chamomile, Matricaria chamomilla, is a Eurasian daisy like plant
that has become cultivated in many places. The dried flower heads
contain an essential oil infusions of which are used as tonics and gastric
stimulants. The flower heads of the Russian or garden
chamomile, Anthemis nobilis, are used for similar purposes but also in

poultices for bruises, sprains and arthritis.

Santonin
The Levant wormseed, Artemisia cina, contains a valuable drug
known as santonin derived from the dried unopened flower heads. This
is a small semi shrubby perennial of Western Asia. Most of the supply
has come from Turkestan, although the species has been grown in the
Northwestern United States. This drug is a good remedy for intestinal

worms and has been used for this purpose for centuries.

Drugs from Fruits & Seeds

Colocynth
The bitter apple, Citrullus colocynthis, has a spongy pulp that

when dried is the source of the glucosidal drug colocynth. The plant is
native to warm parts of Africa and Asia, but has been distributed

worldwide and cultivated in the Mediterranean area. The fruits resemble
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oranges, and the rind is removed while the white bitter pulp is dried and

shipped in balls. It is a powerful purgative.

Opium

One of the most useful and yet vicious drugs, opium is derived
from the dried juice or latex of unripe capsules of the opium
poppy, Papaver somniferum. The poppy is an annual with showy white
flowers. Following petal fall the capsules are incised with a knife and the
white latex exudes and soon hardens in the air. It is scraped off and
shaped into balls or cakes, which are often wrapped in the poppy
petals. Crude opium is a brownish material containing as many as 25
alkaloids, the most important and most powerful being morphine and
codeine. Due to the narcotic and sedative action opium and its

derivatives are used to relieve pain, relax spasms and induce sleep.

Wormseed
American wormseed, Chenopodium ambrosioides is native to South and
Central America. It has also been cultivated in many areas for its natural
oil. The oil is obtained by distillation from the fruits and is used in the

treatment of hookworm infections.
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Drugs from Lower Plants
Antibiotics

These are substances produced mainly by certain harmless
microorganisms that deter the growth and activity of various pathogenic
bacteria. Molds, actinomycetes and bacteria are the chief sources,

although antibiotics are also present in higher plants.

Penicillin

Best known of the antibiotics is penicillin. It was accidentally
discovered in 1929 and reexamined in 1937. Soon it was recognized as
an extremely valuable substance for combating staphylococcus,
streptococcus and gas gangrene infections. It is acquired mainly
from Penicillium notatum. In gelatin substrate the mycelium excretes
penicillin turning all to liquid. The crude penicillin is recovered, purified
and dehydrated. It is an organic acid and readily forms salts and esters.
Other species of Penicillium, particularly P. chrysogonum, also produce
the antibiotic. Penicillin is highly selective in its action and is effective
against gram-positive bacteria. It is nontoxic and particularly useful in
the treatment of bacterial endocarditis, gonorrhea, mastoiditis, local

infections and certain types of pneumonia.

Streptomycin

Streptomyces griseus furnishes this antibiotic. Streptomycin is
especially effective against gram-negative bacteria and is used in the
treatment of tularemia, empyema, urinary and local infections and some

forms of tuberculosis, peritonitis, meningitis and pneumonia.
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Aureomycin

Streptomyces aureofaciens, which was isolated in 1948 from saill,
produces aureomycin. It is more versatile than penicillin or streptomycin
by attacking not only gram-positive and gram-negative bacteria, but also
the Rickettsiae, which had previously been immune to chemical
assault. It has been used to combat forms of virus pneumonia,
osteomyelitis, undulant fever, whooping cough and eye infections and
where the patient has developed resistance to the other antibiotics or to

sulfa drugs.

Chloromycetin

This is a pure crystalline substance produced by Streptomyces
venezuelae. Chloromycetin, like aureomycin, is effective against the
Rickettsiae. It is useful in the treatment of undulant fever, bacillary
urinary infections, primary atypical pneumonia, typhus fever, typhoid

fever, scrub typhus, Rocky Mountain spotted fever and parrot fever.

Terramycin

Terramycin is secreted by Streptomyces rimosus. It is valuable in
treating common forms of pneumonia, typhoid fever, streptococci and
many intestinal and urinary tract infections. It is also effective against
gram-positive and gram-negative bacteria, Rickettsiae and large
viruses. It is somewhat different in therapeutic action from the other

antibiotics.

Neomycin
This antibiotic that is produced by an organism

resembling Streptomyces fradiae, has been used to treat tuberculosis.
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Other Medicinal Substances

Agar

This is almost pure mucilage secured from various species of red
algae. Japan used to be the principal producer of this product in the
eastern coast of Asia. The principal species used were Gelidium
cartilagineum on the Pacific Coast and Gracilaria confervoides on the
Atlantic Coast. The algae are collected, bleached and dried, and the
mucilaginous material is extracted with water. Agar reaches the marked
in flakes, granules or strips that are brittle when dry but become tough
and resistant when moist.

The medicinal value of agar is in its absorptive and lubricating
action. It is frequently used in a granular condition to prevent
constipation. However, its greatest use is as a culture medium for
bacteria and other fungi. In dentistry is has been valuable for making
impressions for plates and molds. Cosmetic, silk and paper industries

have found it valuable and is may also be used extensively as food.

Ergot
This is the dried fruiting body of a fungus, Claviceps purpurea,

which is parasitic on rye and other grasses. Wheat ergot is equally good
as a drug. Ergot is used mainly to increase the blood pressure,
especially in cases of hemorrhages following childbirth and other uterine

disturbances.

Kelp 4l clisy)

In Europe, the United States and Japan; several of the larger

brown algae have been used as a source of iodine, potash and other
salts. Kelp was also used as a source of acetone and kelp char, a

bleaching carbon. There has also been attention given to the medicinal
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value of these seaweeds. Other species, mainly Laminaria digitata have
been exploited as a source of algin, a valuable colloid extensively used
in the drug, food and other industries. Algin or its salts, sodium alginate,
IS used as a suspending agent in compounding drugs; in lotions,
emulsions and hand pomades; as a sizing for paper and textiles and in

ice cream.

Lycopodium

Lycopodium clavatum and other club mosses contain about 50
percent fixed oils and so are but little affected by water. They are used
as a covering for pills, as a diluent for insufflations and as a dusting

powder for abraded surfaces.

Beverage Plants and Beverages

There has always been a search for beverages that are palatable
and refreshing. Thousands of plant species have been utilized
throughout history, but very few of these have ever become of
commercial importance. They are divided into nonalcoholic and alcoholic

beverages.

Nonalcoholic Beverages With Caffeine

Beverages with caffeine content are used worldwide for their
stimulating and refreshing qualities. Each ancient center of civilization
had its own beverage plants. Coffee that originated in regions adjacent
to Southwestern Asia is now used by over half the world’s
population. Tea that is associated with Southeastern Asia is used by
over half the world population. Cocoa is a product of tropical America

and which today serves as booth food and drink for many
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worldwide. There are other less known beverages that are equally
important. These include maté, a principal drink in South America; khat,
used in Arab countries; guarana, another South American drink that has
higher caffeine content than any other beverages.

Caffeine is an alkaloid with definite medicinal values. It acts as a
diuretic and nerve stimulant. It is harmful in large quantities so it is
present only in very small amounts, rarely over two percent, in
beverages. Especially children should avoid excessive quantities of

such beverages.

Coffee
Coffee is one of the most important beverage plants from a
commercial viewpoint despite the fact that tea is in wider usage. The
coffee plant is believed to be native to Abyssinia. It was brought to
Arabia in about the 16th Century and that area produced most of the
crop for 200 years. Coffee gradually was introduced elsewhere in the

world tropics.

Coffee Cultivation and Preparation

Coffee can be grown in the tropics from sea level to an altitude of
6,000 ft. and thrives best at the higher elevations with 4,500 ft being
optimum. Under cultivation the plants are grown directly from seed, or
seedlings are transplanted at 6-foot intervals. The plants begin to bear in
their third year with the best yield obtained from the fifth year until about
30 years.

The coffee berries are generally picked individually by hand when
fully ripe, although in Arabia and parts of Brazil they are stripped off or
allowed to fall to the ground. After picking and sifting or winnowing to

remove the debris, coffee is prepared for the market by either the dry or
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the wet procedure. In the former the berries are spread out on drying
floors and exposed to the sun with precautions taken to protect them
from the rain. In the wet method the berries are run through a pulping
machine that removes the skin and part of the pulp. They are finally
dried by the sun or artificial heat.

After drying the brittle parchment is cracked and removed by hulling
machines and the silver skin is rubbed off in polishing machines. The
seeds or “coffee beans” are then graded and packed in burlap bags for
shipment.

Before coffee is sold it is usually ground. Trade coffee is often made up
of different blends. The roasted coffee beans contain 0.75-1.5 percent
caffeine and a volatile, Caffeol, which is responsible for the aroma and
flavor. Glucose, dextrin, proteins and fatty oil are also present. The oil

tends to become rancid if coffee is stored unrefrigerated.

Tea

Tea, Camellia sinensis, native to Assam India and China, is the
most popular caffeine beverage in the world. It is prepared from the
dried leaves. In China it was originally valued only for medicinal
properties, but since the 5th Century it has been the principal
beverage. The word “tea:” is from “te” that is used in one of the Chinese
dialects in place of the more universal “cha.” Tea arrived in Japan
around 1,000 A.D. It was known in Europe in the 16th Century but did
not become widely used until the 17th Century (Hill 1952).

Tea Preparation

Preparation of tea from the fresh leaves generally is as
follows: The leaves are first exposed to the sun or heated in shallow

trays until they become soft and pliable. Then they are rolled by hand or
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by machine. This curls the leaves and removes some of the sap. Finally,
the curled and twisted leaves are completely dried in the sun, over fires
or in a current of hot air. In the final product, called green tea, the dried
leaves are dull green with an even texture and quality. In making black
tea, the leaves are fermented after rolling by covering them and keeping
them warm. This causes them to lose their green color and changes
their flavor. After fermentation the leaves are dried in the usual
manner. Sometimes the way tea is shipped after fermentation alters its
flavor. Some of the highest quality teas have had their flavor created
during long voyages at sea. Drying the leaves with fragrant flowers, such
as jasmine, and then sifting out the dried flowers prepare scented teas.
Tea contains 2-5 percent Theine, an alkaloid identical with
caffeine, and a volatile oil and considerable tannin (13-18 %). When an
infusion is made with hot water, the alkaloid and the oil dissolve out and
the resulting beverage has a stimulating effect and a characteristic taste

and aroma.

Cocoa & Chocolate

Both chocolate and cocoa are prepared from seeds of the cacao
or Cocoa tree, Theobroma cacao that is native to the lowlands of tropical

America. It is the most nutritious of all beverages.

Cocoa & Chocolate Preparation

Commercial cocoa and chocolate are prepared from the
processed seeds or “beans” in European and American factories. The
beans are first cleaned to remove any impurities and are then
sorted. They are next roasted at a temperature of 257-284
deg. Fahrenheit in iron drums. This develops the flavor, increases the fat

and protein content and decreases the amount of tannin. The shells
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become dry and brittle and the seeds are now easy to grind. The beans
are now passed between corrugated rollers that break the shells into
small fragments. These are removed in a winnowing machine. The
seeds or “nibs” are finally ground to an oily paste, constituting the “liquor”
or bitter chocolate, which is the beginning point for further processing.

When cooled and hardened the “liquor” is the bitter chocolate of
commerce. Adding sugar and various spices or other aromatic
substances make sweet chocolate. Milk chocolate contains milk as well
as sugar and spices. Removing about two-thirds of the fatty oil in
hydraulic presses and powdering the residue make Cocoa.

Cocoa Butter is the fatty oil present. The cocoa shells are used
for beverage purposes, for adulterating cocoa and chocolate, for fertilizer

and for livestock feed.

Khat
Catha edulisis a shrub that grows wild in Abyssinia and is
cultivated in other parts of Northeastern Africa. The dark-green leaves
are used in Arabia to yield khat, a principal beverage. The leaves and
buds contain an alkaloid similar to caffeine and are used dried or are
chewed fresh for their stimulating effect. The flavor is excellent and the

product is worth introducing to other areas.

Fruit Juice
This is the simplest kind of soft drinks that consists of the
extracted juice alone or with sugar and water added. Although fresh
juice is readily obtainable synthetic flavors have been very common

commercial products. The most common types of fruit drinks are
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lemonade, orangeade, etc. Orange juice, grapefruit juice, tomato juice
and pineapple juice are very popular. Sherbets made from strawberries,
raspberries, etc. were more common at earlier times. Grape juice is
made by expressing the fresh fruit and heating the liquid to extract the
color and to pasteurize it and thus prevent fermentation. Sweet cider,
the expressed juice of apples, and perry, obtained from pears, have
been widely used. These juices contain wild yeasts and will ferment
after 24 hours or so unless they are pasteurized or otherwise treated so

as to kill the yeast organisms.

Soda Water

This drink consists of water charged with carbon dioxide and
mixed with syrup composed of sugar and various natural or artificial
flavorings. Bottled soda, common known as pop, is widely used.

A great quantity of bottled soft drinks are available chief among
which are malt beverages, ginger ale, root beer and the cola
beverages. The malt beverages are made from malted barley, or other
grains, before fermentation has started or progressed very far. They
include the “near beers,” that have an alcoholic content of less than 0.5
percent. Ginger ale consists of acidulated sugar, water and carbon
dioxide flavored with ginger and capsicum. The cola beverages contain

cola obtained from cola nuts that has high caffeine content.

Alcoholic Beverages

Alcoholic beverages have been a part of the human diet from the
earliest history.They fall naturally into two classes: (1) the fermented
beverages where the alcohol is formed by the fermentation of sugar

present either naturally in the source or produced by the transformation
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of starch and (2) the distilled beverages that are obtained by distillation
of some alcoholic liquor.

Fermented Beverages

Wine

Wine is the most important and the oldest of the fermented
beverages. It is produced by the conversion of sugar that occurs in fruits
or other parts of plants, into alcohol and carbon dioxide. This process of
alcoholic fermentation occurs through the agency of wild yeasts that are
present on the skins of the fruit. Wine is usually understood to mean the
fermented juice of the grape, but specific fruit, such as blackberries,

currants, etc. may be the source.
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