 SEQ CHAPTER \h \r 1Exercise 5
STEMS: FORM & FUNCTION

In this laboratory exercise, you will become familiar with the major features of the external and internal anatomy of stems.  Stems serve as the structural and physiological support system for the above ground growth of the plant body.  Stems serve as a physical link between the roots and the leaves.   Stem anatomy differs to between dicots and monocot flowering plants, and the growth patterns vary for herbaceous and woody plants.  In some species, stems have been adapted to serve a variety of other functions (e.g., food storage [e.g., sugarcane], organ of photosynthesis [cactus, African euphorb]) beyond those more commonly associated with stems.   These types of stems are referred to as modified stems.  

For additional information refer to the figures given in the photographic atlas (i.e., Figures 9.1, 9.2, & 9.4 on pages 114 & 116).
I.   SEQ CHAPTER \h \r 1External Anatomy of Stems
     A.
Leaf Arrangement of Stems (also know as Leaf Phyllotaxy).  The first stem of plant develops from the epicotyl of the embryo (that part of the embryo above the attachment of the cotyledons).  The epicotyl contains a meristematic region where cell division, cell elongation, and cell differentiation continue to occur as a stem grows in length.  Leaf and bud primordia (embryonic leaves and buds) appear in a pattern that determines the leaf arrangement of the mature part of the stem.

Observe the pattern of leaf and bud primordia in the terminal bud of Coleus (demonstration microscope) and then compare the leaf arrangement on a mature Coleus stem.   Nodes are those a point on stems from which leaves arise and internodes are those areas of the stem between nodes.  If there is one leaf per node, the leaf arrangement on the stem is called alternate; if two leaves occur at each node, then this arrangement is said to be opposite; and if there are three or more leaves per node this is called a whorled leaf arrangement.   What type of leaf arrangement occurs on the Coleus stem?     
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 9.28 on page 122; Figure 9.61 [Arrangement on Stem] on page 129; Figure 9.157 on page 150; and Figures 9.6, and 9.9 on page 117-118).   
B.
Buds and Shape of Shoots.  The bud at the tip of the stem (terminal bud) gives rise to the buds on the side of the stem (lateral buds).  Lateral or axillary buds are often visible in the axil of each leaf (axil = upper angle between the main stem and the leaf stem).    Do you observe any axillary or lateral buds in Coleus or the other plant specimens provided for you to examine?    What purpose do you think these might serve? 
Some plants have bud scales that cover the buds and give protection but other plants lack bud scales and have "naked" buds.  Examine specimens of scaled and naked buds.  A cabbage head is an enlarged terminal bud.  Examine a median section of a cabbage head.

If the laterals buds do not grow, a slender shoot results.  If the lateral buds grow, a bushy shoot is formed.  
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.26, 9.27, 9.28 on page 122).   
C.  Herbaceous and Woody Stems.  The stems of all flowering plants are herbaceous (soft) when young.  The stems of some species remain herbaceous but the stems of other species change from herbaceous to woody.  Stems become woody after a cambium (lateral meristem) develops and produces xylem and phloem which increase the diameter of the stem.  

Examine the specimens of herbaceous and woody stems provided.  Observe the cut end of a young woody stem and compare with the cut end of an herbaceous stem.  Study the exterior of a young woody stem and locate the following parts:  (a) terminal bud scale scars, (b) leaf scars, (c) lenticels.  Observe the demonstration slide of a stem section through a lenticel.   Lenticels are porous regions in the periderm created by the loosely packed cells of parenchyma tissue.  This allows for oxygen exchange from the atmosphere to occur through the periderm to the living tissues within a woody stem or twig. 

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 9.24 [Woody stem] on page 121; Figure 9.26 on page 122; and Figures 9.57 and 9.58 on page 127).  
D. Modified Stems.  The typical stem is aerial but other stems are adapted in ways that permit other specialized functions.  Study the examples of modified stems that are provided. 
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.24 & 9.25 on page 121).  
II. Internal  SEQ CHAPTER \h \r 1Anatomy of Stems                              

A. PRIMARY TISSUES tc "PRIMARY TISSUES " \l 2
Differentiated cells appear in definite patterns in young stems as growth (cell division, cell enlargement, and cell differentiation) occurs is terminal or lateral buds.  Mature tissue formed by growth of buds is known as primary tissue.  The formation of new primary tissues increases the length of a stem.

PRIMARY TISSUES OF DICOTS (Dicotyledonae)

Obtain a prepared slide of Medicago (alfalfa) and search the entire stem section major parts (i.e., epidermis, cortex, vascular bundles, and pith).  Study the cortex region carefully.  What tissue types are present in the cortex?  List the tissue type that you can discover in the pith region.   Keep in mind that the pith and cortex are derived from the ground meristem and therefore are both considered ground tissue.  

Direct your attention to a vascular bundle and observe carefully with the high power objective.  Remember that a vascular bundle contains both xylem and phloem.   Using figures available in your Photographic Atlas as a guide, locate and the check the following tissues and cell types:  xylem ___, phloem ___, sieve tube ____, vessel ____, fiber ______, and cambium. 
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.32, 9.33, and 9.34 on page 123).   
  
PRIMARY TISSUES OF MONOCOTS (Monocotyledonae)

Search a cross section of a corn stem to observe this pattern.  How does the pattern of primary tissues differ for monocots and dicots?  

Study a vascular bundle of the corn stem with the high power objective.  Identify each part.   What important structural difference exists in monocot and dicot vascular bundles? 
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.29, and 9.30 on page 122; and Figure 9.56 on page 127).  
Prepare a thin free-hand section from the stem of Begonia.  Make a temporary wet mount and observe the stem tissues.  Classify Begonia as a monocot of a dicot.  

B. SECONDARY TISSUES
As the vascular bundles differentiate in a young dicot stem, some cells between the xylem and phloem tissues do not differentiate.  These cells remain meristematic and form the fascicular cambium within the bundles.  An inter fascicular cambium arises from parenchyma cells between the bundles to join with the fascicular cambium to make a complete circle.   
The cambium is a lateral meristem.  Cells of the cambium divide and some of the newly formed cells enlarge and differentiate into xylem on the inside and into phloem on the outside of the cambium.  The xylem and phloem formed from the cambium are secondary tissues and designated as secondary xylem or secondary phloem.

Some species of dicots do not produce secondary growth and remain herbaceous; other species produce very little secondary growth; and still others produce a ring of secondary tissue year after year (trees).  

Perennial, woody plants produce much more secondary xylem than secondary phloem during a growing season.  A band of secondary xylem continues to increase in thickness throughout the growing season in these woody plants.  The cambium becomes inactive after the leaves fall (deciduous species) at the end of the growing season and becomes active again the following spring.  These events result in an annual increase in the diameter of woody stems.

Study a prepared slide of a two or three year old Tilia or Quercus stem (c.s.).  Identify the cambium, secondary xylem, secondary phloem, xylem rays, and phloem rays.  Refer to the chart and model available in the laboratory classroom and the figures in the Photographic Atlas as your guide.
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.35, 9.36, 9.44, and 9.52 on pages 123, 125, and 126).  

THE ANATOMY OF WOOD
Wood is secondary xylem and its physical properties such as hardness, durability, weight, etc., depend upon such things as the presence or absence of fibers, the size and number of vessels, the chemical properties of the cell wall materials and many other things that are determined by characteristic secondary xylem formation which varies with species.

1.
Soft Wood (pine).  The wood (secondary xylem) of pine is soft because it is made 


of tracheids and ray cells (parenchyma) almost exclusively.  Study these tracheids


and ray cells in cross, radial, and tangential sections of pine wood.  Refer to     


pictures in the text, charts, blocks of pine wood, and prepared slides of pine.   

 
Learn to distinguish between the three sections (HINT – Use the appearance of 


the rays to identify the section).

2.
Hard Wood.  The wood (secondary xylem) of oak, hickory, etc.  is hard because it 


contains many fibers.  Refer to pictures in the text, charts, blocks of hardwood, 


and prepared slides of Quercus (oak).  Learn to distinguish these sections.  Study 


the fibers, vessels, and ray cells in oak wood.

What is an annual ring?  Why are annual rings formed? How are annual rings formed in woody evergreens?  
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figure 9.44 on page 125; Figure 8.33 and 8.34 on page 100). 
CORK
Cork is secondary tissue because it develops from new cells produced by the cork cambium.  The cork cambium usually arises in the cortex inside the epidermis but may arise in the epidermis itself.  The cork cambium may form from parenchyma, collenchyma, or epidermal cells.  It may begin in isolated areas around the circumference of the stem and then spread to include the complete circle of the stem.

Refer to the figures available in your Photographic Atlas as a guide and then identify the cork cells and cork cambium in a mature Aristolochia stem (c.s.).  

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

What tissues are present in the bark of woody plants? 

Compare what you see in lab with the definition (i.e., in the upper right hand column on page 121) and the figure given in the photographic atlas (i.e., Figure 9.55 on page 127).
