BIOL 1108L                                     Plant Structure Lab


Exercise 1: External Structures of the Plant Body

You will be examining the common bean plant Phaseolus vulgaris to become familiar with the external structures of the plant body.  

1. Remove the bean plant from the vermiculite.  This should be done very gently to prevent damage to the root hairs.  Dip the roots into water to remove any vermiculite that clings to the roots.

2. Plant structures can be classified into those parts below ground, all the roots, and those structures above ground, the shoot, which includes the stems and leaves.

3. Identify the three major plant organs, roots, stem and leaves.  

4. Roots:  Find the primary root or tap root.  This part of the root originates in the embryo or seed.  Check to see if any branch roots or lateral roots have developed.  These arise from deep inside the primary root (see Zea branch root slide).
5. Leaves: the first leaves are the cotyledons. These leaves store food and are the largest part of the embryo.  The bean has two cotyledons.  Above the cotyledons are foliage leaves.  The foliage leaves have a stalk or petiole and a single expanded portion called the blade or lamina.  Subsequent leaves have divided blades, the individual parts of which are called leaflets. 

6. Label the primary root, lateral root, stem, cotyledon, and leaf in Figure 2.1
7. Branching of the shoot system occurs through the formation of buds, which arise in the axils (the upper angles formed at the nodes by the leaves and stems) of the leaves.  The buds develop rapidly into adult shoots in beans.  Other buds develop a scale and remain dormant. Buds can give rise to flowers.  

Roots, stems and leaves are referred to as the vegetative parts of the plant and flowers are referred to as the reproductive part. Flowers produce fruits and seeds.

8. What is the function of the following plant structures:
Root

Stem

Cotyledon

Leaf

Flower

9. Why are the leaves and stems green and not the roots?

Exercise 2: Internal Structures of the Plant Body
Prior to the use of microscopes, botanists recognized that all three plant organs had a similar arrangement of structural regions called tissue systems.  The three tissue systems are the dermal tissue system, the fundamental or ground tissue system, and the vascular tissue system.

1. Use a sharp razor blade to make a thin cross section of the stem below the cotyledons.  This area is the hypocotyl. 
2. Prepare a wet mount by placing the stem cross section in a drop of water on a slide.  Take a cover slip and place one edge in the water droplet and then lower the coverslip, making an effort not to form air bubbles under the coverslip.  If there is insufficient water you can pipette more near the edge of the slide.  If there is too much water you can wick it away with a kimwipe.  Dry the bottom of the slide and examine it under the dissecting microscope setting the magnification at 10X.  
3. Identify the 3 tissue systems. The dermal tissue consists of the epidermis, which is the single outermost layer of cells.  Make note of the root hairs that extend from the root.  The next several layer of cells is the cortex, which is part of the ground tissue system.  Internal to the cortex is a ring (a cylinder in the uncut root) of vascular tissue that is made up of phloem (on the outside) and xylem (on the inside). Phloem allows for transport of food and xylem allows for transport of water and minerals.  The central portion of the stem is the pith, which is part of the ground tissue system.

4. Label epidermis, cortex, vascular cylinder, and pith on Fig. 2.1.
5. Make a thin cross section of the primary root. 

6. Identify and then label in Fig. 2.1: epidermis, root hairs, cortex and the vascular cylinder of the root. 

Note:  The vascular cylinder is not hollow but is instead a solid cylinder of vascular tissues.  The root does not have a pith.

Exercise 3: Tissue Systems and Tissues

Preparation of tissue for vital staining with toludine blue O.
Procedure

1. Using a sharp razor blade, cut several thin cross sections of Impatiens or some other green stem. Place the sections in a Petri dish with 50% alcohol for 5 min.

2. Move the sections to a Petri dish of toluidine blue O and leave them there for 5 min.
3. Rinse the sections in distilled water.

4. Place a drop of glycerine on a slide and mount the tissue section on the slide.  Cover with a coverslip. 

5. Place the slide on the dissecting scope and examine it between 3.5 and 4X.

Identify the epidermal layer made up of parenchyma cells, the ring of vascular bundles with the primary phloem and primary xylem and the ground tissue, cortex, pith and pith rays (interfascicular regions). Impatiens is a dicot and can be identified because the vascular bundles are found in a ring.  In monocots the vascular bundles are distributed throughout the stem and root. Examine the slide of Zea to compare the organization of vascular bundles.
Did toluidine blue O stain all tissues the same color?

Which tissues were stained green?

Which tissues were stained purple or blue?

Which tissues were stained red?

Examine the slide of the Helianthus stem and the Ranunculus mature stem and find the same tissue systems and tissues. 

Identify the epidermis, cortex, primary vascular bundles, pith, and pith rays, and label these parts in Fig. 21.1. Indicate what color the tissues were stained.
Exercise 4: Tissues and cell types
Part A. Epidermis

Examine the epidermis of Helianthus and/or Ranunculus and identify the thin layer of cutin, the cuticle on the outer surface.  Find the guard cells, which have a kidney shape.
Part B. Collenchyma

Collenchyma cells are the principal supporting cells of the plant body and are part of the cortex.  Collenchyma cells form discrete strands or a cylinder. They are found either just interior to the epidermis or separated from the epidermis by a couple layers of parenchyma cells. Find the “rib” of the stem and look for the cells with unevenly thickened walls.
Collenchyma cells have a different appearance in living tissue than in fixed tissue. Collenchyma contains the Greek word “kolla”, meaning glue, which refers to the glistening and lustrous appearance of the cell walls.  You can see this in the cross section of celery (Apium).
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Collenchyma cells

With the razor blade cut a thin cross section of celery and examine it under the microscope for collenchyma cells.  If there are stems from mint, you should be able to identify collenchyma at the corners of the stems.
Part C. Parenchyma

Parenchyma cells are also part of the cortex and they make up the pith. Parenchyma cells have numerous chloroplasts.
Part D. Sclerenchyma

Sclerenchyma tissue is made up of sclerenchyma cells or sclereids.  In pear tissue they have an isodiametric shape.  Place a small amount of macerated pear in a drop of water on a slide.  Spread out the tissue and cover it with a coverslip. Use the 10X objective to locate a cluster of sclereids.  Switch to the 40X objective and look internal to the primary cell wall for the thick secondary cell walls with conspicuous pits that may be branched.

Fiber is also a sclerenchyma cell.  Examine the Tilia Three year stem slide and look for the fibers in the bark.  These cells are typically quite long.
Part E. Vascular Tissues

Vascular tissue will be examined in the slide, Curcurbita, which has longitudinal cross sections of the squash stem.  Curcurbita is distinctive in that it has bundles of external and internal phloem that is described as bicollateral.  Remember that typically phloem is external and collateral. 

1. Phloem

Use the 4X objective on the compound microscope or use the dissecting scope at lower magnification to locate either the internal or external phloem in the transverse section.  There are three cell types that make up phloem: sieve-tube elements, companion cells, and parenchyma cells. The sieve-tube elements are built-in filters for food and they occur in modular units separated by sieve-plates.
· Sieve-tube elements are large cells that are either clear or contain a dark substance called slime or P-protein.  Immature sieve-tube elements have P-protein in discrete bodies called slime bodies or P-protein bodies. Mature sieve-tube elements have P-protein forming slime plugs that block the pores.  This blocking of the pore is the result of cutting the stem.
· Companion cells are small cells that are found to either side of the sieve-tube elements.
· Parenchyma cells are found between the sieve-tube elements and the companion cells.

1. Xylem

The xylem in Curcurbita is made up of vessel elements and parenchyma cells.  In our slides the xylem is primary xylem because of its age.  Xylem is used for transporting water and for that purpose it needs to be reinforced. In the longitudinal section look for annular and helical thickenings and pitted walls that appear as bands perpendicular to the length of the tube. These structures provide support for the tubular walls.
Part E. Primary Growth Structures

The slide of the Coleus stem tip will introduce you to the structures that produce primary growth. Use the dissecting microscope and identify the apical meristem, which is at the tip of the shoot.  Apical meristem is also found at the tip of roots.  Lateral to the apical meristem are leaf primordia.  At the base of the leaf primordial you can see axillary buds that have their own meristem. The external part of the shoot that extends from the apical meristem to the first axillary bud shows the developing vascular strand.

Part F. Leaves

Examine the slide of Ligustrum.  Using the 10X objective locate the midvein where you can find the xylem and phloem. Locate the upper and lower epidermis and the mesophyll in between the two. Increase the magnification of the leaf blade.  Identify the cuticle, stoma and guard cells.  You should also be able to identify the vascular bundles in the leaf blade.
Exercise 5: The Flower 

Part A. floral organs

There are four floral organs: sepals, petals, stamens and carpals.  The sepals and petals are sterile and stamens and carpals are reproductive organs.
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The sepals are often green leaf-like structures that enclose and protect the floral bud.  Inside the sepal are the petals, which when unfolded, function to attract pollinators.

The male reproductive organ is the stamen and it consists of the anther, which produces and releases the pollen or microspores, and the filament, which prominently places the anther in a position that facilitates dispersal of the pollen.  
The female reproductive organ is the pistil.  The stigma secretes a sticky substance that provides a landing place that holds and traps the pollen.  The style holds up the stigma and the ovary, which houses the ovules or megaspores is at the base. 
Locate these structures on the model in class and on the flowers that we have in class.
Slide ID summary

Figure numbers are from A Photographic Atlas for the Biology Laboratory, Fifth Edition, Van De Graaff and Crawley, 2005, except where indicated.
Roots

Zea branch root 

Corn/Zea prop root 

Root hairs 6.159

Ranunculus mature root Fig. 6.161, 6.162

Stems 

Tilia 3 year stem

Zea stem Fig. 6.170

Ranunculus stem 

Ranunculus immature and mature stems 

Cucurbita stem l.s. (sieve tubes) 

Helianthus stem similar to Trifolium in Fig 6.172
Coleus stem tip Fig. 6.168

Leaves

Ligustrum leaf fig. 6.191
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