Exercise 3
CELL AND TISSUE TYPES: PRIMARY & SECONDARY GROWTH

New cells appear in a plant by cell division (i.e., mitosis and cytokinesis).  This process occurs predominantly in the root tips and shoot tips (called apical meristems) and the cambia of the stem and root (called lateral meristems).  The cells in these regions are undifferentiated (not specialized) and are known as meristematic cells.  The apical meristems are dome-shaped masses of cells although the dome is covered by a cap in the root tip.  Cells in the top part of the dome continue to produce new cells (growth stops when division ceases) and cells that are left behind by this process begin to differentiate into specialized cells.  They do so and form stem and root tissues in a definite pattern.   Apical meristems at the tips of shoots and roots give rise to primary (first) growth in herbaceous and woody plants.   Lateral meristems are responsible for secondary growth that among other things, are responsible for the accumulations of wood in shrubs, bushes, and trees.     

I.  MERISTEMATIC CELLS 
A. Shoot Apical Meristem

Obtain a prepared slide of a longitudinal section of the stem tip of Coleus.  Observe the meristematic cells at the tip of the stem and note the surround region for the presence of primary or transitional meristems that arise from the apical meristem.  These include the protoderm that eventually becomes the epidermis, the procambium that forms the vascular tissue (transports water and food), and the ground meristem that becomes the ground tissue (mostly parenchyma).  

Compare what you see in lab with the figure given in the photographic atlas (i.e., Figure 9.28 on page 122).     

B. Root Apical Meristem

Obtain a prepared slide of a longitudinal section of an onion Allium root tip.   Observe the meristematic cells behind the root cap.  Study the meristematic cells carefully and make observations. 

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.19 and 9.20 on page 120).     
II.  PARENCHYMA
Parenchyma is very common in young stems and roots.  Many of the cells that form parenchyma tissue usually occur in a group and form a simple tissue but they also appear in complex tissues. 

Cells of parenchyma are large and thin-walled.  At maturity, these cells retain living protoplast and form a tissue with characteristic spaces between the cells.

C. Using a prepared slide, study this cell type in a cross section in the root of Ranuculus (buttercup).  The stained objects inside the cells are starch grains in the amyloplasts.  Food storage is a common function for parenchyma cells.  

D. Using a prepared slide, observe parenchyma cells in the cross section and in longitudinal section from the stem of Cucurbita (squash).  Examine the three dimensional shape of parenchyma cells.  Are these cells spherical or multifaceted?  

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 9.22 on page 120).     
III. COLLENCHYMA
Collenchyma is a simple tissue in young plant parts.  The cells just beneath the epidermis of young stems are frequently collenchyma.  They may form a continuous band around the inside of the stem or be located in isolated bundles.  The cells of this type have thickened walls, frequently thickened in the corners.  Collenchyma serves as a strengthening tissue because of this thickening. 

Use a razor blade to make a thin cross section of the celery stalk provided in the laboratory.  Prepare a wet mount of the thin slice of the petiole (stalk) of celery and observe under the light microscope.  Upon inspection, look for collenchyma as a region of thick-walled cells embedded in parenchyma.  These will have a pearly white appearance.    

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 1.12 on page 6).     

IV.
SCLERENCHYMA TISSUE
The main function of sclerenchyma tissue is support.  The cells produce thick secondary walls of cellulose and lignin after which the protoplast usually dies.  There are tow types of sclerenchyma cells: (a) fibers and (b) sclereids.

A.  FIBERS

These cells are thick walled, very elongated, and pointed at the ends.  They usually occur in clusters but may occur singly, surrounded by other cell types.

Study a prepared slide of macerated Tilia (basswood) stem.  The long needle-like structures are fibers. 

B.  SCLEREIDS

Sclereids are supporting cells that may or may not occur in clusters.  The shape of sclereids is highly variable in different species of plants.  In some instances the shape may only be described is irregular.  

A common type of sclereid is called a stone cell.  These occur in clusters in the fruit of pear and are responsible for the gritty texture.  Make a temporary mount of pear tissue, find a grit particle and note that it is a cluster of sclereids.  Select one cell and study it with the high power objective lens.  

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 1.23 and 1.24 on page 8).     
V. EPIDERMAL CELLS
Epidermal cells make up the outer covering of leaves, young roots, and young stems, and protect the inner tissues from excessive water loss.  The epidermis of the stems and roots is replaced by cork (bark) in many species of plants.

The epidermal cell is flattened in sectional view and much large in surface view.  The outer walls may be covered wit a waxy substance called cutin.  The tissue may contain guard cells.  

E. Observe the cuticle and guard cells at demonstration microscopes and then obtain a prepared slide of a leaf of Syringia (lilac) and study the epidermal cells.  Find the cuticle and guard cells.

F. Prepare a wet mount of the epidermis of Pelargonium (geranium) or Tradescantia by placing an epidermal peel onto a slide with water and a cover slip.  Your instructor will demonstrate this procedure.   Note the presence of epidermal hairs called trichomes, epidermal cells, and paired guard cells that form the stomata (leaf pores necessary for gas exchange).

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.87, 9.88, 9.93 on page 134).     
VI.  CORK CELLS
The protective epidermis of the stems and roots is ruptured if these organs grow sufficiently in diameter.  If this occurs in a plant, a new tissue arises and provides protection from excessive water loss.  This is cork tissue and makes up much of the new “skin” or periderm.   These cells may be flattened, thick walled, and empty of living contents at maturity.  The walls have bee filled with suberin, which effectively retards the passage of water to the outside.   Cork is so effective at creating a barrier between the external and internal environment of the periderm, that loosely packed regions are often found that form lenticels on the surface of the stem to allow for penetration of oxygen from the air so that living tissues found in the stem and roots do not suffocate.  

Observe the cork cells in a prepared slide (c.s.) of Aristolochia stem.  Compare these with the cork cells produced by a Tilia stem (demonstration microscope).

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 9.58 on page 127).     
1. VASCULAR TISSUE

Vascular tissues are complex tissues because they are composed of several cell types.  They are common to all plant organs and are specialized for the conduction of fluids.

A.  XYLEM  - WATER   CONDUCTING TISSUE
Xylem tissue contains parenchyma cells, which are most commonly found as “xylem rays” (the instructor will show you examples of rays in the cross section of a woody stem) and fibers, which commonly form a band (bundle sheath) around the conducting tissue proper but may also be scattered among the conducting cells.

Tracheids and vessel elements are two types of conducting cells that may be found in xylem tissue.  Some species of flowering plants have xylem containing both tracheids and vessels but many species have vessels only.  Some primitive flowering plants and most Gymnosperms (example – pine) have tracheids only.

A.    Tracheids.  Tracheids are similar to fibers in shape, but they are shorter in length, less tapered at the ends, larger in diameter, and possess more pits than fibers.  Water must travel through a pit to move from one tracheid to another because large openings do not exist in tracheids.  

Obtain a slide of macerated pine wood and study tracheids.  Pine wood is made almost entirely of tracheids so most of the elongated cells that you see in the slide are tracheids.  What type of pits is present in the tracheids of pine?  Observe tracheids in a longitudinal and cross sectional view of the intact wood of Pinus.

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 1.10 on page 6).

2. Vessel Elements.  A vessel element differentiates from one meristematic cell.  As a meristematic cell enlarges, large openings develop in the end walls.  These cells mature in a vertical row in the stem and, thereby, form a tube, which is called a vessel.  Vessel elements are shorter in length and larger in diameter that tracheids.  Also, the end walls are less oblique and have large openings.  

Obtain a prepared slide of macerated wood of Helianthus (sunflower) and study a vessel element.  Use the fine focus to study the pits in the side walls of the vessel element.

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 1.13 on page 6; Figure 1.17 on page 7; Figure 9.33 on page 123).     
B. PHLOEM – FOOD CONDUCTING TISSUE

Phloem is a complex tissue that conducts food materials in solution through the plant.  Parenchyma cells occur predominantly in the rays; fibers are commonly found around or scattered among the conducting cells; and the conducting cells of the phloem are known as sieve tube elements.  Companion cells are usually closely associated with sieve tube elements.

1.    
Sieve Tube Elements.  These cells mature in a vertical row to form a sieve tube.  Sieve tube elements are elongated, lack nuclei, and possess perforated end walls at maturity.  Refer to the cross and longitudinal drawings of phloem tissue available in lab.

 2.  Companion Cell.  These cells are nucleated at maturity and much smaller than sieve tube elements.  Observe a cross sectional view of sieve tube elements and companion cells at demonstration microscopes.

Obtain a cross section of a corn stem.  Find a “monkey face” in the stem tissue.  The “face” is a vascular bundle and contains both xylem and phloem.  The “eyes”, “nose”, and “mouth” are vessels and the “forehead” is phloem.  Increase the level of magnification and study the phloem and distinguish between sieve tubes and companion cells.  Find a sieve plate.  What is a sieve plate?  The “face” is surrounded by a bundle sheath composed of fibers.  Observe the fibers.  What is the function or these fibers?     

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 1.21 on page 8; Figure 9.30 on page 122).            

