
Chapter 3:

Roots and Soils 
Overview  
This chapter discusses roots, beginning with the functions, and continuing with the development of roots from a seed. It covers the function and structure of the root cap, region of cell division, region of elongation, and region of maturation (with its tissues). The endodermis and pericycle are also discussed.


 Specialized roots (food-storage roots, water-storage roots, propagative roots, pneumatophores, aerial roots, contractile roots, buttress roots, parasitic roots, mycorrhizae) are given brief treatment. This is followed by some observations on the economic importance of roots. After a brief examination of soil horizons, the chapter continues with a discussion of the development of soil, its texture, composition, structure, and water holding capacity.

Detailed Lecture Outline


I.
 Introduction




A.
Function of Roots






1.
Roots anchor trees firmly in the soil

a.
Roots form an extensive branching network that constitutes 1/3 of total dry weight of the plant








b.
Roots penetrate to depths from 10-100 feet






2.
Roots absorb water and minerals








a.
Absorb water for the entire plant's needs

b.
Roots "mine" the earth for mineral elements, unlocking from soil its store of elements




B.
Roots of Aquatic Plants




C.
Aerial Roots of Orchids


II.
How Roots Develop




A.
In the seed, the embryonic root is called the radicle







• develops into the first root after germination




B.
Taproot or a fibrous root system




C.
Surface Area of Root System






1.
Single rye plant, grown in 12" x 22" box






2.
Roots:  387 miles long (644 kilometers)


III.
Root Structure




A.
Root Cap






1.
Thimble-shaped mass of parenchyma






2.
Protects apical meristem that it covers








a.
Lubricates root as it moves through the soil

b.
Mucilage provides favorable habitat for beneficial bacteria; this external root region is called the rhizosphere






3.
No equivalent structure in stems






4.
Root cap cells being constantly lost and replaced






5.
Perception of gravity takes place in root cap cells









• amyloplasts relocate in cell when root is turned




B.
Region of Cell Division






1.
Apical meristem






2.
Inverted, cup-shaped dome








a.
Cell divisions take place at edges








b.
Cells divide every 12-36 hours








c.

Quiescent center (infrequent cell divisions here)

3.
Cells produced are cuboidal in shape, large nucleus and few, if any, small vacuoles






4.
Apical meristem subdivides into 3 meristematic areas








a.
Protoderm: gives rise to epidermis








b.
Ground Meristem: produces parenchyma of the cortex

c.
Procambium: produces primary xylem and phloem; solid core of xylem and phloem in dicot roots; pith present in most monocot roots, absent in dicot roots



C.
Region of Elongation






1.
Cells become elongated as cell differentiation proceeds






2.
Cells assume their mature size and shape in this region




D.
Region of Maturation






1.
Cells fully mature in this region






2.
This region sometimes called region of differentiation, or the root-hair zone






3.
Root hairs emerge in this zone






4.
38,000 per cm2





5.
Single rye plant








a.
14 billion root hairs








b.
Surface area almost the size of a football field




E.
Tissue Regions in a Root






1.
Epidermis









• thin cuticle or none at all






2.
Cortex








a.
Functions in food storage








b.
Endodermis is the inner boundary layer between cortex and inner 












      tissues









1)
Casparian bands – impregnated with suberin and lignin












• creates barrier to passage of water and mineral elements










2)
Passage cells






3.
Pericycle








a.
Retains meristematic capability








b.
Both pericycle and parenchyma cells between vascular tissues 













      differentiate into vascular elements






4.
Primary Xylem

• form spoke-like arms or ridges that point toward the pericycle (dicots only)






5.
Primary Phloem









• forms in discrete patches between the xylem arms




F.
Lateral or Branch Roots






1.
Form from pericycle






2.
Push their way through cortex, crushing or pushing aside cortex cells, 










      rupturing the endodermis, pushing to the surface of root


IV.
 Specialized Roots




A.
Food-Storage Roots







• sweet potatoes; yams; carrots; beets; turnips; radishes




B.
Water-Storage Roots




C.
Propagative Roots




D.
Pneumatophores




E.
Aerial Roots






1.
Velamen roots of orchids






2.
Prop roots of corn






3.
Adventitious roots of ivies




F.
Contractile Roots




G.
Buttress Roots




H.
Parasitic Roots







1.
Saprophyte means organisms that lack chlorophyll, usually describes 










      fungi







2.
Terminology depends on where plants obtain nutrients (e.g., orchids are 








      epiphytes, Indian pipe is an epiparasite or myco-heterotroph parasitic on 








      fungi)




I.

Determinate and indeterminate growth




J.

Root grafting


V.
 Mycorrhizae




A.
A mutualistic association of plants with fungi



B.
Fungal hyphae






1.
Ectotrophic fungi found in pines and oaks form a mantle outside cells






2.
Hyphae of endotrophic fungus in association with majority of herbaceous 








      and land plants invade cells of cortex






3.
Facilitate uptake of water and inorganic ions, especially phosphorous in 









      exchange for sugar and amino acids





4.
If fungi killed by acid rain or fumigants plants may die due to lack of 











      phosphorous uptake






5.
Few root hairs if mycorrhizae present


VI.
 Root Nodules




A.
Occur in Legume family




B.
Nitrogen Fixation Takes Place in the Root Nodules






1.
Rhizobium bacteria live in the nodules






2.
Convert atmospheric nitrogen into ammonium


VII.  Human Relevance of Roots


VIII. Soils




A.
Soil Profiles






1.
The A horizon









• topsoil, layers designated A1, A2 etc.





2.
E horizon, not always present






3.
The B horizon, subsoil








• Upper case with lower case letter (ex. Bw or Bt) designate layers within 









the horizon, or if soil has more than one parent material





4.
The C horizon









• soil parent material




B.
Parent Material






1.
Igneous rock






2.
Sedimentary rock






3.
Metamorphic rock




C.
Climate




D.
Living Organisms and Organic Composition






1.
Bacteria and fungi









• biological decomposers






2.
Ants, earthworms, burrowing animals






3.
Organic composition of soil








a.
Minerals, 48%








b.
Water, 25%








c.

Air, 25%








d.
Organic matter, 2%




E.
Topography




F.
Soil Texture and Mineral Composition






1.
Texture defined









• refers to the sizes of the individual soil particles






2.
Texture designations








a.
Sand








b.
Silt








c.

Clay




G.
Soil Structure




H.   Water in the Soil






1.
Three forms of water found in soil








a.
Hygroscopic water











• physically bound to soil particles, unavailable to plants








b.
Gravitational water











• drains out of the pore spaces after a rain








c.

Capillary water











• held against the force of gravity, form used by plants






2.
Field capacity








a.
Water remaining in soil after drainage by gravity








b.
Governed by soil texture








c.

Permanent wilting point











• when field capacity cannot support plant growth








d.
Available water











• soil water between field capacity and the permanent wilting point




I.   Soil pH






1.
Alkaline soil








a.
Minerals become less available








b.
Addition of sulfur makes soil more acid






2.
Acid soil








a.
Inhibits growth of nitrogen-fixing bacteria








b.
Common in areas of high precipitation








c.

Adding calcium or magnesium counteracts soil acidity

1

