Chapter 5 
TISSUES AND THE PRIMARY GROWTH OF STEMS
In order to conquer the land, plants had to develop supportive tissue that will keep them upright, and transport tissue that will bring water to upper portions of the plant exposed to the drying effect of air.

Shortly after moving onto land, specialized tissues and organs began to evolve.

PRINCIPAL FUNCTION OF THE STEM

Principal functions are:

· Conduction.

· Support.

Some stems are modified to perform other functions:

· Stolons are slender stems growing along the surface of the ground that root and produce a plantlet, e.g. strawberry, Boston fern.

· Tubers are swollen underground stems used in storage and reproduction, e.g. potato.

· Rhizomes are elongated horizontal underground stems bearing buds in the axils of reduced scale leaves, e.g. iris.

· Bulbs are small conical stems with numerous storage leaves attached to it, e.g. onion, garlic. 

· Corms are thickened rounded storage stems covered with thin papery scales, e.g. crocus, gladiolus. 

· Water Storage stems are thick and fleshy and store water, e.g. cacti and euphorbs.

Stems may be very reduced like in orchids and onions. 

In some orchids, the body of the plant consists mostly of photosynthetic roots.

Plant body:

· Herbaceous, the primary plant body.

· Derived from the apical meristem

· Primary tissues only present.

· Makes the soft, herbaceous part of the plant.

· Herbs are made only of primary tissues.

· Woody, the secondary plant body.

· Derived from lateral meristems.

· Secondary tissue present makes the bulk of the plant: wood and bark.

· Primary tissue is present only at the apex of shoots and roots.

BASIC TYPES OF CELLS AND TISSUES

Tissues are group of cells that are structurally and/or functionally distinct.

The principal tissues of plants are grouped together into larger units called tissue systems based on their continuity throughout the plant body.

· Ground or fundamental tissue system

· Vascular tissue system

· Dermal tissue system
The precursors of these tissues in the primary meristem are ground meristem, procambium and protoderm respectively

Within the plant body, the various tissues are distributed in characteristic patterns depending on the plant part, or plant taxon or both.

The vascular tissue is embedded within the ground tissue, with the dermal tissue forming the outer covering.

Plant tissues composed of only one type of cell are called simple tissues, and those made of two or more types of cell are called complex tissues.

The ground tissues parenchyma, collenchyma and sclerenchyma, are simple tissues.

Xylem, phloem, epidermis and periderm are complex tissues.

1. GROUND TISSUE SYSTEM

· Composed of three simple tissues.



Parenchyma tissue


parenchyma cells



Collenchyma tissue


collenchyma cells



Sclerenchyma tissue


sclereids, fibers

The major functions of the ground tissue are photosynthesis, storage, secretion, and to provide flexible and rigid structural support

a) Parenchyma cells only have thin primary walls; polyhedral cells; function in photosynthesis, storage and secretion; remain alive at maturity. 

They retain the ability to divide at maturity and are important in the healing of wounds and regeneration.

In the primary plant body, parenchyma cells occur in the pith, cortex, leaf mesophyll and in the flesh of fruits.

They are found in the xylem and phloem of small veins and in the leaf traces of the nodes, the placenta, endosperm and other reproductive structures, in glandular tissues (nectaries, salt glands, carnivorous plant digestive cells).

Parenchyma cells also occur in the vertical strands of primary and secondary vascular tissues and in xylem rays.

Chlorenchyma cells are parenchyma cells involved in photosynthesis. They have many chloroplasts.

Glandular cells secrete nectar, fragrances, mucilage, resins, oils, etc. They typically have large amounts of endoplasmic reticulum and dictyosomes.

Transfer cells are parenchyma cells with wall ingrowths that are involved in the movement of large amounts of solutes over short distances. The ingrowths increase the surface of the plasma membrane. Their cell membranes have large number of “pumps”.
There are many and large intercellular spaces in between parenchyma cells.
b) Collenchyma cells have an unevenly thickened non-lignified primary wall; provide flexible structural support in soft non-woody organs; cells elongated; remain alive at maturity.

The cell wall can be deformed by pressure and tension and return to its original position once the pressure or tension stops.

They occur as strands beneath the epidermis in stems and petioles and bordering the veins in eudicot leaves, in shoot tips, in the stems of vines, and roots of epiphytes.
Subterranean roots lack collenchyma

They can continue to develop thick, flexible walls while the organ is still elongating and growing.

There are no intercellular spaces between collenchyma cells.
c) Sclerenchyma cells have primary and thick lignified secondary walls; provide rigid support to organs that have stopped elongating and growing; cells usually die at maturity. 

Sclerenchyma cells develop in mature organs once they have stopped growing.

Sclerenchyma cells may form continuous masses or tissues, may be found in clusters or individually among other cells.

They may develop in the primary and secondary plant bodies.

Two types of sclerenchyma cells are recognized: 

· Fibers are long slender and tapered cells that occur in bundles or strands. 

· Sclereids are short and often cubical or of variable shape.

Fibers are long and are usually found in areas where strength and flexibility are needed like stems and branches that can sway in the wind without breaking.

Sclereids make up the seed coats of many seeds, the shells of nuts, and the stone (endocarp) or stone fruits. 

In some plants, certain sclerenchyma fibers remain alive and perform metabolic functions. They are usually involved in storing starch or crystals of calcium oxalate. They may have thin secondary walls.

· Sclerenchyma cells are parenchymatous when newly formed. 

· They expand or elongate depending on their final fate. 

· Secondary wall is deposited when the cells reach their final size. 

· Secondary wall is located interior to the primary wall.

· Secondary walls become impregnated with lignins making them waterproof.

· Nutrients enter the cells only through plasmodesmata.

· Plasmodesmata form pit pairs between adjacent cells.

EXTERNAL ORGANIZATION OF THE STEM

1. Terminal and lateral buds.

· Covered with bud scales while dormant.

· Contain meristem and produce primary tissues.

· Lateral buds are associated with leaf axils.

· Lateral buds are also called axillary buds.

· Buds are covered with bud scales, which are modified leaves.

· Bud scale scars.

2. Nodes and internodes.

· Nodes are the regions of leaf attachment.

· Internodes are the space between two nodes.

· The arrangement of leaves on the stem is called phyllotaxy.
· Helical or spiral.

· Distichous.

· Opposite.

· Decussate.

· Whorled.

3. Leaf scars and bundle scars.

4. Lenticels.

· Loosely arranged cells that allow gas exchange.

· Broken epidermis.

The apical bud is partially responsible for inhibiting the growth of the lateral buds. This is called apical dominance.

INTERNAL ORGANIZATION OF STEMS

The epidermis covers leaves, floral parts, fruits, seeds, stems and roots until they have undergone considerable secondary growth.

1. DERMAL TISSUE SYSTEM

· Composed of two complex tissues.
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Dermal tissue system is the outer protective covering of herbaceous plants and the young tender parts of woody plants, the primary plant body.

EPIDERMIS

The epidermis covers leaves, floral parts, fruits, seeds, stems and roots until they have undergone considerable secondary growth.

Epidermis usually consists of a single layer of parenchyma cells with guard cells and trichomes; secretes the waxy cuticle; gas exchange occurs through the stomata. It is made of parenchyma type cells.

Plant cuticle is composed of a structural polymer, cutin that is embedded in a complex mixture of highly hydrophobic soluble materials called waxes.

Cuticular waxes are complex substances made of lipids and esters and that vary from species to species.

Wax may form a smooth sheet or rod-like deposits on the surface of the epidermis. These upward extensions of wax are called epicuticular wax. 

Cutin and wax provide protection against the digestive enzymes of fungi and bacteria.

The stomata are surrounded by the guard cells, which contain chloroplasts, in contrast with other epidermal cells that typically lack chloroplasts.

Guard cells are associated with epidermal cells that usually differ in shape from other epidermal cells; these cells are called subsidiary cells.

Root hairs are involved in water and mineral absorption.

Trichomes have a variety of functions: secretion of protective chemicals, provide a barrier to insect attack, shade the underlying tissue, secretion of salts in some species, absorption of water in epiphytes, etc. 

CORTEX

The cortex lies below the epidermis.

The cortex is usually a homogeneous tissue made mostly of parenchyma and some collenchyma cells. 

In some species, latex, mucilage and resin producing cells are found in the cortex.

The cortex of aquatic plants, like water lilies, has large air chambers that provide buoyancy.

2. VASCULAR TISSUE SYSTEM

· Composed of two complex tissues. 
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Vascular tissue system conducts materials throughout the plant body and provides support.

a) Xylem conducts water and minerals from the roots to all parts of the plant; it also supports the plant and stores food and other organic substances.

Together with the phloem, the xylem forms a continuous system of vascular tissue extending throughout the body. 

The xylem is derived from the procambium in the primary plant body.

During secondary growth, xylem is derived from the cambium.

There are two tracheary elements that make the xylem: tracheids and vessel elements.

Tracheids and vessel elements are the conducting cells and are dead at maturity; both have wall pits on their sidewalls for lateral transport.

A stack of vessel elements end-to-end forms a vessel.

Xylem vessels arise from individual cylindrical cells oriented end to end. At maturity the cytoplasmic contents die. 

The secondary walls of the xylem vessels are deposited in spirals and rings and are usually perforated by pits.

The tracheary elements of the primary xylem have a variety of secondary wall thickenings. 

Secondary wall is deposited in the tracheary elements during the period of cell elongation in the procambium. 

Secondary wall of  the first-formed tracheary elements of the early-formed primary xylem called protoxylem, are deposited in the form of rings or spirals.

These rings allow the cell to elongate after the cells have differentiated.

Elements with annular and helical thickenings will develop in the late-formed primary xylem, called metaxylem, and in the secondary xylem.

Scalariform thickenings consists of annular thickening interconnected, and reticulate secondary wall is form by a network of thickenings

Circular bordered pits interconnect tracheary elements. These are the most derived and strongest of the tracheary elements.

In these tracheary elements, the entire primary wall is covered with secondary wall. Pits are openings in the secondary wall that are surrounded by a thickened border. 

Circular bordered pits are aligned with those of adjacent cells and form pit-pairs. 

The primary cell wall of both adjacent cells and the middle lamella forms the pit membrane that separated both cells. The pit membrane is very permeable to water.

Only tracheary elements have bordered pits. Fibers and sclereids do not have bordered pits, just simple pits.

Tracheary elements with annular thickenings are weak, but a large percentage of the primary wall is not covered with secondary wall and is available for water movement between adjacent cells.

In the metaxylem and in the secondary xylem, the secondary cell walls of the tracheids and vessels cover the entire primary walls, except the pit membranes and at the perforation of the vessel elements.

At maturity, vessel elements have perforations, which are areas lacking primary and secondary walls. These perforations or holes occur on the end walls of the vessel elements. The result is the xylem vessel, a continuous nonliving duct.

Xylem also contains tracheids. These are individual cells tapered at each end so the tapered end of one cell overlaps that of the adjacent cell. 

Like xylem vessels, tracheids have thick, lignified walls and, at maturity, no cytoplasm. 

Their walls are perforated so that water can flow from one tracheid to the next. There are thin  membranes in the pit that prevent air bubbles from passing to the adjacent tracheid.

Vessels are the principal water-conducting cell in angiosperms. Many angiosperms also have tracheids in addition to vessels.

The xylem of ferns and conifers contains only tracheids.

Water flowing from tracheid to tracheid must pass through the pit membrane – the thin modified primary walls - of the pit pairs.

Tracheids lack perforations and have only pits. 

Perforations greatly reduce friction and allow the free flow of water, while pits have the pit membrane that slows down the passage of water.

Water can flow relatively unimpeded from vessel element to vessel element through the perforation. 

Tracheids evolved over 420 million years ago and virtually all plants with vascular tissue have them. 

Vessels evolved more recently and occur mostly in flowering plants. 

Air bubbles formed during the freezing and thawing can potentially obstruct the flow of water for the entire length of the vessel.

Programmed cell death (apoptosis) results in the elimination of the protoplast in the tracheary elements.

The xylem tissue also contains parenchyma cells that store various substances. 

Xylem parenchyma commonly occurs in vertical strands, but in the secondary xylem, they are also found in the rays.

Xylem may also contain fibers some of which are living at maturity and serve a dual function of storage and support.

Sclereids are sometimes found in the xylem .

b) Phloem is the principal food conducting tissue in vascular plants. 

In addition to sugars, phloem transports many other substances including amino acids, lipids, micronutrients, hormones, proteins, and RNA, some of which act as signaling molecules. 

There is primary and secondary phloem.

The first formed primary phloem, the protophloem, is often stretched and destroyed during elongation of the organ. 

The principal conducting cells of the phloem are the sieve elements.

The protoplasts of adjacent sieve elements are interconnected through sieve areas.

Two types of sieve elements are recognized: sieve cells and sieve tube elements. 

· Sieve cells are found only in gymnosperms.

· Sieve tube cells are found only in angiosperms.

· Sieve elements are variable in seedless vascular plants and are simply called sieve elements. 

 In sieve cell

· Cells are long and narrow with pointed ends.
· The pores are narrow.

· The sieve areas are located over all the cell surface.
· Sieve areas are concentrated on the overlapping walls of the long and slender sieve cells. 
· Albuminous cells are associated with them.

· Found in all non-angiosperm vascular plants.
In sieve tube elements

· Cells are short and wide with flat ends.
· The sieve areas in some walls have larger pores than those in other walls.

· The part of the sieve area bearing the larger pores is called the sieve plate or sieve area.

· Sieve plates are generally located on the end walls but they may occur anywhere in the cell.

· The sieve tube elements are arranged end to end in longitudinal series called sieve tubes.

· The presence of sieve plates is a distinguishing characteristic of the sieve tube elements.
· Sieve tube elements are aligned end-to-end and form a sieve tube.

· Companion cells are associated with them.

· Found in angiosperms only.
Sieve elements have only primary wall.

Sieve elements remain alive at maturity; sieve elements lack nucleus, vacuoles, Golgi complex, ribosomes and cytoskeleton.

Plasma membrane and endoplasmic reticulum remain. ER is particularly abundant near the sieve plates.

At maturity, the plasma membrane, ER, some plastids and mitochondria remain distributed along the wall of the sieve elements.

Sieve tube members are the conducting cells; companion cells regulate the metabolism of the sieve tube members. Both are derived from the same mother cell.

Companion cells contain all the organelles found in plant cells.

Companion cells move sugars, amino acids, informational molecules, ATP and other substances into and out of the sieve elements.

There are numerous cytoplasmic connections (plasmodesmata) between the companion cells and the sieve tube members.

Albuminous cells are parenchyma cells found in the phloem of gymnosperms. They are not derived from the same mother cell that gives rise to sieve cells.

It is thought that albumimous cells perform the same function as companion cells.

Albuminous and companion cells die when their associate sieve element dies.
Callose, a polysaccharide of glucose, is deposited in the pores of injured sieve elements, “wound callose”.

Callose is also deposited on the walls of senescent sieve elements and is called “definitive callose”.

Angiosperms with the exception of some monocots have proteins forming what is known as "slime" or P proteins. Its function has not been determined. 

· P proteins form in young sieve elements and become distributed along the walls of the cell. 

· P proteins form plugs in injured vessels.

Parenchyma cells are also found in the phloem and are associated with the storage of a variety of substances.

Fibers and sclereids may also be present in the phloem and help in supporting the plant body.

VASCULAR BUNDLES

Xylem and phloem occur together forming clusters or bundles.

In basal angiosperms and eudicots, vascular bundles are arranged in one ring surrounding the pith.

In monocots, vascular bundles are scattered throughout the ground tissue. 

Vascular bundles are collateral: they contain both xylem and phloem.

The xylem and phloem of a bundle are both primary tissue, that is, they are both derived from the activity of the apical meristem.

Parenchyma and sclerenchyma cells are also found in the bundles but their amounts vary with the function of the stem.

STEM GROWTH AND DIFFERENTIATION

Plant growth occurs through the activity of the meristems. These cells…

· Undifferentiated cells.

· Retain the ability to divide.

The two functions of the meristems are:

1. To increase the length of shoots and roots.

2. To give rise to the cells that will produce the mature tissues of the primary plant body.

Apical meristems are found at the tip of roots and stems and are responsible for the extension of the plant body.

Initials are cells that divide and produce one body cell, the derivative, and another cell that remains in the meristem.

Derivative cells divide near the tip and produce three primary tissues that remain meristematic for some time before becoming differentiated.

These meristematic tissues are the protoderm, ground meristem and procambium.

The protoderm, ground meristem and procambium are partly differentiated tissues capable of cell division.

Activity of the initials and the three primary meristems constitutes the primary growth of the plant that will produce the primary plant body.

Plants continue to grow throughout their entire lifetime. They have indeterminate growth.

1. The protoderm will differentiate into the epidermis.

2. The ground meristem will differentiate into the pith and cortex.

3. The procambium will differentiate into the vascular tissue: protoxylem and protophloem, and cambium cells in plants with secondary growth.

Cambium cells form the lateral meristem responsible for the formation of metaxylem and metaphloem, which constitutes the secondary growth of plants.

