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Lecture 6

Plant Tissues

The Plant Cell: An Overview
Internal membranes divide a cell, such as this plant cell, into compartments where specific chemical

reactions occur, (figure 5.1).
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Figure (5.1): The plant cell.

Plants use vacuoles for storage and water balance

Plant cells have specialized membrane-bounded structures called vacuoles. The most conspicuous

example is the large central vacuole seen in most plant cells (figure 5.2). In fact, vacuole actually

means blank space, referring to its appearance in the light microscope. The membrane surrounding this

vacuole is called the tonoplast because it contains channels for water that are used to help the cell

maintain its tonicity, or osmotic balance.
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The central vacuole is clearly important for a number of roles in all plant cells. The central vacuole

and the water channels of the tonoplast maintain the tonicity of the cell, allowing the cell to expand

and contract, depending on conditions. The central vacuole is also involved in cell growth by occupying

most of the volume of the cell. Plant cells grow by expanding the vacuole, rather than by increasing

cytoplasmic volume.
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Vacuoles with a variety of functions are also found in some types of fungi and protists. One form is the
contractile vacuole, found in some protists, which can pump water and is used to maintain water balance
in the cell. Other vacuoles are used for storage or to segregate toxic materials from the rest of the

cytoplasm. The number and kind of vacuoles found in a cell depends on the needs of the particular cell

type.
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Figure (5.2): The central vacuole.

Chloroplasts use light to generate ATP and sugars
The chloroplast, like the mitochondrion, is surrounded by two membranes. However, chloroplasts are

larger and more complex than mitochondria. In addition to the outer and inner membranes, which lie

in close association with each other, chloroplasts have closed compartments of stacked

membranes called grana (singular, granum), which lie inside the inner membrane (figures 5.3).
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A chloroplast may contain a hundred or more grana, and each granum may contain from a few to

several dozen disk-shaped structures called thylakoids. On the surface of the thylakoids are the light-

capturing photosynthetic pigments. Surrounding the thylakoid is a fluid matrix called the stroma.

The enzymes used to synthesize glucose during photosynthesis are found in the stroma.
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Like mitochondria, chloroplasts contain DNA, but many of the genes that specify chloroplast

components are also located in the nucleus.
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Figure (5.3): Chloroplast structure

The Cytoskeleton

The cytoplasm of all eukaryotic cells is crisscrossed by a network of protein fibers that supports the
shape of the cell and anchors organelles to fixed locations. This network, called the cytoskeleton, is a

dynamic system, constantly assembling and disassembling (figure 5.4).
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Molecules that make up the cytoskeleton.

a. Actin filaments: Actin filaments, also called microfilaments, are made of two strands of the

globular protein actin twisted together. They are often found in bundles or in a branching network.
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Actin filaments in many cells are concentrated below the plasma membrane in bundles known as

stress fibers, which may have a contractile function.

b. Microtubules: Microtubules are composed of - and B-tubulin protein subunits arranged

side by side to form a tube. Microtubules are comparatively stiff cytoskeletal elements and have many

functions in the cell including intracellular transport and the separation of chromosomes during

mitosis.

c. Intermediate filaments: Intermediate filaments are composed of overlapping staggered

tetramers of protein. These tetramers are then bundled into cables. This molecular arrangement allows

for a ropelike structure that imparts tremendous mechanical strength to the cell.
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Figure (5.4): Molecules that make up the cytoskeleton.
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Cell wall

heavily reinforced cell walls with multiple layers of cellulose and other strengthening

molecules, including lignin and pectin. Cellulose layers are laid down at angles to adjacent layers like

plywood; this enhances the strength of the cell wall.
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Synthesis of a plant cell wall:

a) Cellulose is a glucose polymer that is produced at the cellulose-forming rosettes in the cell

membrane to form the cell wall. Cellulose fibers are laid down parallel to microtubules inside the

cell membrane. Additional substances that strengthen and waterproof the cell wall are added to the

cell wall in some cell types (figure. a).
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b) Some cells extrude additional layers of cellulose, increasing the mechanical strength of the wall.

Because new cellulose is produced at the cell, the oldest layers of cellulose are on the outside of the

cell wall. All cells have a primary cell wall. Additional layers of cellulose contribute to the

secondary cell wall (figure 5.5).
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Figure (5.5): Synthesis of a plant cell wall.

Plant Tissues

Roots, shoots, and leaves all contain three basic types of tissues: dermal, ground, and vascular tissue.

Because each of these tissues extends through the root and shoot systems, they are called tissue systems.
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Tissue systems comprise of:

1. Dermal tissue.
2. Ground tissue.

3. Vascular tissue.
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® Dermal tissue

Dermal tissue derived from an embryo or apical meristem forms epidermis. This tissue is one cell

layer thick in most plants and forms the outer protective covering of the plant. In young, exposed parts
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of the plant, the epidermis is covered with a fatty cutin layer constituting the cuticle; in plants such

as desert succulents, several layers of wax may be added to the cuticle to limit water loss and protect

against ultraviolet damage. The bark of trees contains dermal tissue.
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® Ground tissue

Ground tissue consists primarily of thin-walled parenchyma cells that function in storage,
photosynthesis, and secretion. Other ground tissue, composed of collenchyma cells and sclerenchyma

cells, provides support and protection.
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a. Parenchyma
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walls and large vacuoles, there are intercellular spaces found

between cells of this tissue.
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Functions:

They function in the storage of food and water, photosynthesis (In some situations, a parenchyma

contains chloroplasts), and secretion.
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b. Collenchyma

Living cells which are usually a little longer than wide,

have walls that vary in thickness.
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Functions:

It provides mechanical support, elasticity, and tensile strength to the plant body (It is resist

tearing effect of the wind). They often form strands or continuous cylinders beneath the

epidermis of stems or leaf petioles (stalks) and along the veins in leaves.
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c. Sclerenchyma

This tissue consists of tough, thick walles. Unlike collenchyma

and parenchyma, they are typically dead at maturity. These cells

have hard, extremely thick secondary walls (often impregnated

with lignin), and impermeable to water. Sclerenchyma is present

in two general types: fibers and sclereids.
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Function:

They provide most of supportin a plant.
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® Vascular tissue

Vascular tissue conducts fluids and dissolved substances throughout the plant body. The common
types of complex Vascular tissues are:

® Xylem

® Phloem
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Xylem, the principal water (and dissolved minerals) -conducting tissue of plants, usually

contains a combination of vessels, which are continuous tubes formed from dead, hollow,

oylindrical cells arranged end-to-end, and tracheids, which are dead cells that taper at the ends

and overlap one another (figure 5.6).
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Figure (5.6): Xylem: comparison between tracheids and vessel members.
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Phloem, which is located toward the outer part of roots and stems, is the principal food

(carbohydrates mainly sucrose, hormones, amino acids, and other substances that are necessary

for plant growth)-conducting tissue in vascular plants.
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Food conduction in phloem is carried out through two kinds of elongated cells: sieve cells and

sieve-tube members. Gymnosperms, ferns, and horsetails have only sieve cells; most angiosperms

have sieve-tube members. Both types of cells have clusters of pores known as sieve areas because

the cell walls resemble sieves (figure 5.7).
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Figure (5.7): Phloem: a. Sieve-tube member. b. Looking down into sieve plates.

a.

End of lecture
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