 SEQ CHAPTER \h \r 1Exercise 4
ROOTS: FORM & FUNCTION

The plant body of a flowering plant consists of distinct regions or modules (i.e., roots, stems, leaves, flowers, fruits) produced by primary growth and sometimes added on to by secondary growth to produce a multitude of herbaceous and woody plant species.  Two major classes exist with the flowering plants, also called angiosperms, found within the Kingdom Plantae.  The more ancient lineage is represented by the Class Dicotyledonae or the dicots, and the more recent is the Class Monocotyledonae or monocots.  The dicots produce two cotyledons or “seed leaves” which are readily seen in a germinating seed.  Monocots possess only one cotyledon.   Other differences exist between these two major classes which will become more apparent as the anatomy of roots, stems, leaves and flowers are studied in further detail during this and subsequent laboratory exercises.   


In this laboratory exercise, you will become familiarize with the major features of the external and internal anatomy of roots.  Roots serve to anchor the plant in the soil, as well as, provide a means for the absorption of water and dissolved mineral nutrients necessary for life.  In some species, roots have been adapted to serve a variety of other functions (e.g., food storage) beyond those more commonly associated with roots.   These types of roots are referred to as modified roots.  
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 Roots

A. Taproot System.  This system develops in species as the result of continuous growth from the radicle of the embryo.  This primary root continues to grow faster than secondary (branch) roots and remains dominant.
1. Taproot - Examine the specimens (e.g., dandelion, carrot, parsnip) provided as examples of fleshy taproots.       
2. Fibrous (diffuse) Root System.  This system develops in species if the primary root from the radicle stops growing shortly after emergence and the branch root continue to grow.  This results in a system composed of many roots of approximately equal size.  Examine specimens that illustrate the fibrous root system.
3. Adventitious Roots.  A root that develops from any plant part other than the radicle of the embryo is an adventitious root.  Study the examples of adventitious roots provided in the laboratory.

Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.5 and 9.6, and 9.9 on page 117-118).   
B. The Root Tip.  Two important things result from growth at the root tip; (a) the root increases in length and (b) differentiated tissues form a particular pattern inside the root.  Externally we can view the root cap that covers the meristematic region and the root hairs that mark the region of differentiation (place where fully differentiated cells occur).                                                                                                                                                                                           
Use a microscope to observe the external structure on the root of a young radish seedling available as a whole mount on a prepared microscope slide or wet mount from fresh material.  What is the purpose of the root cap?  What is the function of root hairs?       
Compare what you see in lab with the figure given in the photographic atlas (i.e., Figure 9.19 and 9.20 on page 120).   
II. THE INTERNAL ANATOMY OF ROOTS
A. PRIMARY TISSUES

Primary tissues appear in a young root by cell division in the meristematic region, enlargement and differentiation in the region of elongation, and appear as fully specialized cells in the region of differentiation. This is very similar to the formation of primary tissues in the stem but two important differences exist.  These differences are:  (A) the meristematic cells toward the root tip differentiate into root cap cells to replace the cells sloughed from the outer part of the root cap; (B) the pattern of primary tissues is different from that observed in stems.

a. PRIMARY TISSUES OF THE DICOT ROOT
Study the labeled model of a young dicot root.  Obtain a prepared slide of a Ranunculus root (c.s.) and search the root for those areas labeled in the photographic atlas.  Then, carefully study the area of the cortex.  What type of cells or tissue compose the cortex?  Observe the central part of the root and identify all the parts. 
Check each when positive identification has been made.  Endodermis _____, Pericycle ______, Xylem _____, Phloem _______, Cambium_______.

Observe the Casparian strip in the endodermis at the demonstration microscope.  What is the function of the Casparian strip in the endodermis?   Examine the model available in the class and discuss with the instructor the role this waxy structure embedded in the cell walls play.                                   
Compare what you see in lab with the figure given in the photographic atlas (i.e., Figures 9.21 and 9.22 on page 122).   


b.  PRIMARY TISSUES OF THE MONOCOT ROOT

Study a diagram of primary tissue formation in a moncot root.  Obtain a prepared slide (c.s.) of Zea mays (maize) and/or Smilax (greenbriar).

Prepare a thin section from the root of Chlorophytum (airplane plant) and mount in a drop of water on a clean glass slide.  Study the tissues carefully.  Is it a  monocot or dicot root?
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.7 and 9.8 on page 118).


c.  LATERAL ROOT FORMATION
Lateral roots form from cell division in the pericycle.  These new cells enlarge and differentiate and as growth continues, the young branch root grows through the outer tissues of the primary root to emerge to the outside.  
Obtain a prepared slide (c. s.) of Salix (willow) that shows lateral root formation.  Differentiate between tissues of the branch root.  A cross section of the branch root shows the same pattern of primary tissues as the primary root 
Carefully cut and dissect the root of a carrot.  Do you see the parts typical of a root and can you find any lateral roots.  What tissues are penetrated by a secondary (branch) root as it grows to emerge to the outside of the primary root?
Compare what you see in lab with the figures given in the photographic atlas (i.e., Figures 9.11, 9.13, 9.14, and 9.15 on pages 118-119).

B.  SECONDARY TISSUES

A cambium may arise between the primary xylem and primary phloem in a young dicot root.  Study this area in a prepared slide of Ranunculus.  Initially the cambium is not continuous because it first forms between the radiated arms of primary xylem. Cells of the pericycle become meristematic at the tips of the radiating arms of the primary xylem to make the cambium continuous.  The vascular cambium forms secondary xylem internally and secondary phloem externally.  This internal growth stretches and ruptures the cortex and epidermis.  A cork cambium arises in the pericycle to form protective layers of cork cells. 
Woody roots are very similar to woody stems.  Refer to a diagram of a young dicot root after secondary tissues have developed.  Study the woody root of Quercus (oak) at the demonstration microscope).  Identify secondary xylem, secondary phloem, cortex, and cork.  Study the center of the Tilia root (woody) a demonstration microscope and distinguish between primary xylem and secondary xylem.  
Compare what you see in lab with the figure given in the photographic atlas (i.e., Figures 9.14, 9.16, 9.18, and 9.23 on pages 119-120).
