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Figure 18–1.  Woody Dicot Twig, External Anatomy.  a. General View.  b. Detail of Leaf Scar and Axillary Bud.

Woody Stems
Herbaceous Roots
Modified Roots and Stems

Introduction

In the last laboratory you studied stems.  When the vascular cambium in dicots and gymnosperms stems starts functioning, they develop the woody structure you will study more intensively today.  Also covered in today’s lab are roots, and finally stems and roots that have become modified to take on unusual functions.

I.  Woody Stems

Exercises

A.  Winter Twigs

Woody plants in the winter condition can usually be identified to species by external morphological characteristics of their twigs.  Observe the twigs on demonstration, determine the leaf arrangement (opposite, alternate, or whorled) and identify the following structures: terminal bud at the tip of each main stem and branch, axillary or lateral buds on the sides of the branch, nodes (point of attachment of leaves or scales to the stem), internodes (stem segment between two successive nodes), lenticels (breaks in the bark that function in gas exchange), leaf scars (left where a former leaf stalk detached), bundle scars (remains of vascular bundles in leaf scars), and terminal bud scale scars (remains of previous year's terminal bud).

In most woody plants from seasonal climates, a terminal bud forms towards the end of every growing season.  Previous rings of terminal bud scale scars can therefore be used to determine the age of woody seedlings or determine past twig growth rates.  Use lab materials and your instructor’s help to identify the structures listed.  Label Figure 18–1.

B.  Buds 

1.  Conifer Bud (Vegetative)

Using a sharp razor blade carefully remove the bud scales from an axillary or terminal bud of spruce or fir.  (Your instructor will demonstrate.) Observe with a dissecting microscope.  The larger central green dome is the shoot apex and the many smaller green surrounding bumps are the leaf primordia, which will become needles when the bud grows into a twig. .

2.  Dicot Buds (Vegetative or Mixed)

Carefully cut a lilac (Syringa) bud in half lengthwise.  If it consists only of leaf-like parts, it is a vegetative bud.  If there are additional structures reminiscent of cauliflower or broccoli tips, it is a mixed bud.

3.  Flower Buds

The floral organs at their simplest are each considered to be modified leaves. 
 Consequently, a flower bud is somewhat analogous to a vegetative bud except that the leaf primordia have undergone radical modification.

D.  Wood Sections

c.


Observe prepared slides of pine (Pinus), oak (Quercus) and basswood (Tilia) woods.  These represent the three major wood types; non-porous, ring-porous and diffuse-porous, respectively.  Gymnosperms (softwoods) are usually non-porous (lack vessels) whereas dicots (hardwoods) are either ring porous or diffuse porous (have vessels in one pattern or the other).  Note that the actual hardness of the wood has no necessary bearing on whether a species is called hardwood or softwood.  To develop your understanding of the three dimensional structure of wood, try to identify all three planes of sectioning:  transverse or cross, tangential, and radial.  Keys to distinguishing among them include the pattern of the annual rings and rays, and the appearance of the vessel elements, tracheids, and fibers.  The ribbon-like rays appear as strips running across parts of a radial section, but are cut at right angles by a tangential section and appear as narrow stacks of cells.  In Figure 18–2, Figure 18–3, and Figure 18–4 label the wood type, plane of section and the following structures: rays, vessels, tracheids, and resin ducts.  In oak wood, note the contrast between giant vessel elements and “normal sized” ones, and the presence of giant rays and normal rays.  From the appearance of the thinner rays, did the big vessels elements expand before or after the development of the rays?

a.


b.


Figure 18–2.  Pine Wood Sections.

a.


b.


c.


Figure 18–3.  Basswood Wood Sections.

a.


b.


d.


c.


Figure 18–4.  Oak Wood Sections.



F.  Wood Characteristics (Demonstrations)

1.  Macroscopic Patterns

Identify all three planes of cuts (cross, tangential and radial) on woody stems and wood blocks.  On some wood you can see the xylem vessels ("pores") with the unaided eye.  Identify each wood as ring porous, nonporous or diffuse porous.

2.  Tree Trunk

Study the cross cut tree trunk in some detail.  Several locations in the wood are dated.  How does one determine the total age of  such a tree or the year in which it was cut.

What clues do the annual rings give about weather patterns during the time when the tree was alive?

Locate the vascular cambium.  Where are the epidermis and cortex?

Identify heartwood and sapwood.  What do you think is involved in the conversion of heartwood to sapwood?

Which of the rings still function in water conduction?

3.  Knots

Examine the knots which are on display.  What does a knot represent?

Differentiate between tight knots and loose knots.  What is the explanation for the difference? 

4.  Lenticel

Look at the longitudinal section of a lenticel on microscopic display.  Relate what you see to the lenticels you saw on the woody twigs in part A above (Figure 18–1).

II.  Herbaceous Roots

Roots contain most of the same tissues as stems, but with distinctive differences in arrangement and appearance.  As you examine roots, try to answer these questions:

How do stems of dicots differ from dicot roots?

How do stems of monocots differ from monocot roots?

Can you recognize at a glance dicot stems, monocot stems, dicot roots, and monocot roots?

A.  Longitudinal Section



Figure 18-5.  Diagram of Root Longitudinal Section.

Observe a prepared slide of an onion (Allium) root tip longitudinal section.  As in the Coleus stem, notice the change in cell size back from the apical meristem, but in this case both upwards towards the older parts of the plant and downwards into the root cap.  What do you think is the function of the root cap
?

Identify and label the root cap and root apical meristem (Figure 18-5).  Also look for root hairs (not shown in Figure 18-5 because they develop further from the tip).

B.  Dicot Root Cross Section

Observe the prepared slide of Ranunculus (buttercup) root cross sections.  The two sections differ in age.  Use the older one,  in which many of the central cells are thick-walled and strongly stained, to locate and identify tissues.  Find the following tissues and label them on the mature root section in Figure 18-6: cortex, endodermis, pericycle, phloem, procambium and xylem.

  The red-stained, star-shaped tissue in the center of the root is xylem, and there is no pith.  Between the xylem arms are patches of green-stained phloem.  All the tissues inside the endodermis are collectively known as the stele.  Between the phloem and the central xylem cells are several rows of green-stained procambium cells which may later form part of the vascular cambium.  An erratically developed tissue, pericycle, occurs just outside the phloem.  It is most likely to be distinguishable at the ends of the xylem arms, also called the poles of the xylem.  Just outside the pericycle is the well defined innermost layer of the cortex, the endodermis.  Some of the endodermal cells may be sclerified (have thickened, red-stained cell walls).  Others are green and thin-walled.  Each endodermal cell has a band of wax, the Casparian Strip, permeating the wall between it and the adjacent cell.  It is stained red in our material.  See if you can use the Casparian Strip to detect the endodermis through its complete circle in the root section.  The Casparian Strip forces all the water that enters the stele to pass through a living cell, thereby exerting control over what solutes are able to ascend to the rest of the plant..  The cortex outside the endodermis consists of large parenchyma, typically functioning in food storage.  Note what a large part of the total cross section of the young root is cortex.  As in herbaceous stems, the outermost layer of cells is the epidermis.  Unlike herbaceous stems, the root epidermis is highly permeable to water.

Now look at the section in which many cells have not yet matured.

What are the differences between these two stages of development?

a.


b.


Figure 18-6.  Buttercup (Ranunculus) Root.  a. Cross Section.  b. Detail of Stele.

Note which cells have become sclerified in the older root.  On which section is it easier to distinguish between protoxylem and metaxylem
?

C.  Monocot Root Cross Section



Figure 18-7.  Greenbrier (Smilax) Root Cross Section.

Observe the prepared slide of a greenbrier (Smilax) root cross section (Figure 18-7).  With the help of wall charts, your text, the instructor, and your ingenuity, identify and label the following structures: epidermis, cortex, endodermis, pericycle, phloem, (no procambium), xylem, and pith.  Note especially the differences between this root and the dicot root you just studied:  (1) Monocot roots usually have a pith; (2) monocot roots have many xylem arms; (how many were in the dicot you observed?); (3) monocot roots have no procambium between the xylem and phloem; (4) the endodermis is often composed entirely of sclerenchyma in monocot roots; (5) in many monocot roots, the pericycle is several cell layers thick.

D.  Root Hairs

Place a germinated seedling of redtop (Agrostis) on a slide, add a drop of water and a coverslip.  Focus on the root in the region of the root hair zone.  Note that each root hair is an extension of a single epidermal cell.  Root hairs very much increase the potential water and mineral absorbing surface of a root.  On this same slide also identify the root apical meristem and the root cap.

E.  Branching of Roots

Stem branches develop from buds on the surface of a stem.  Root branches, on the other hand, begin their development well below the surface, usually
 from the pericycle on the perimeter of the stele.  As they grow out through the cortex, they have time to develop the root cap which will provide essential protection when the root emerges and its tip is pushed through the soil.  Observe the prepared slide that shows a developing lateral root.  Look closely for the exact tissue location of its origin.  What is the spatial relationship between the xylem of the existing root and the developing branch root?

Has the root cap formed yet on the young root tip?

Is this a monocot or dicot root? How can you tell?

F.  Root Systems

Observe demonstrations of tap root and fibrous root systems.  How do they differ? 

Under what circumstances might a tap root system be more effective in getting water to a plant than a fibrous root system?

III.  Modified Roots and Stems

Introduction

So far, we have been dealing mostly with "typical" stems and roots.  It is easy to form the impression that such organs are about the same in all plants.  Yet, if you consider the different demands of contrasting environments, and the fact that vascular plants have been evolving for millions of years, it is not surprising to learn that there is as much variation in the form of roots, stems, and leaves, as there is among the flower types you've observed.  This exercise concentrates on modifications that are common to many species, "typical" modifications of "typical" structures.

Exercises

A.  Modified Stems

Description of modified stems is confused by the fact that many terms are used differently by different botanists.  If you were to compare your text with those used by other lab
 sections, you would find inconsistencies in stem terminology.

1.  Corm

A corm is an underground stem that is fleshy, short, and thick, often to the point of being nearly spherical.  Two plants which produce corms are gladiolus and crocus.

2.  Rhizome

A rhizome is an elongate horizontal underground stem.  It functions in food storage, vegetative reproduction, or both.  Some botanists use rhizome and stolon interchangeably.  Others restrict rhizome to underground stems, and stolon to stems that trail along the surface of the ground, such as strawberry runners.  Cattails have under-water (and soil) rhizomes.  Many grasses have underground rhizomes.  How can you distinguish a rhizome from a root?

3.  Tuber

A tuber is a thickened portion of a rhizome.  Good examples are Irish potatoes or Jerusalem artichokes.  From what you've learned about stem structure, how would you interpret the "eyes" of a potato?  How about the “eyebrows”?

B.  Modified Roots

1.  Haustorium

Observe the demonstration slide of dodder (Cuscuta), a non-photosynthetic parasitic angiosperm.  Note the cross-section of a stem from the host plant.  The small structures penetrating the host are the parasite's haustoria (modified roots, in this case).  Note that the haustorium xylem has become directly attached to the host xylem.  The phloem of the host and parasite is also connected, but the attachment is less obvious.  Also observe the whole mounts.  Be able to identify the parasite, the host, and their parts.

2.  Mycorrhiza

In many angiosperm and gymnosperm species a symbiotic relationship develops between the roots and certain species of fungi.  Both organisms benefit.  This symbiotic association of fungi and roots is called a mycorrhiza.  The fungus hyphae may grow between the root cells (ectotrophic) or actually penetrate them (endotrophic).  On the demonstration slide identify the fungal hyphae within the roots.  Is this fungus endotrophic or ectotrophic?

What could be the consequence of planting pine trees (must have mycorrhizae to thrive) in prairie soil where the symbiotic fungi do not occur? How can this problem be remedied?

3.  Storage Roots

Many biennial and perennial plants, such as dandelion, radish and other root type vegetables, accumulate food in their primary root systems.  In some of these plants the enlarged portion is derived partly from the stem and root.  The upper portion of a carrot is derived from the stem.  The dahlia and sweet potato are derived from branch roots.  When, during the year, would you expect storage roots to reach their maximum food content?

When will they reach their minimum food content?

4.  Adventitious Roots

Any plant part which arises at an unconventional place may be referred to as adventitious.  A giant grass like corn, would blow over easily were it not for the prop roots that emerge from the sides of the lower parts of the stem.  Tropical hardwood trees sometimes put out adventitious roots high above the ground to tap minerals accumulated in the debris developed by the eventual death of epiphytes (“air plants”) which grow on their stems.  Observe the adventitious roots which are on display.
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