Course:
01.463 Landscape Design and Management

Unit 3:
Managing Landscape Soils & Fertility
Lesson 1:
Investigate Properties of Soils and Amendments

GPS:
CTAE-FS-1, CTAE-FS-2, CTAE-FS-4, CTAE-FS-6, AG-NL-5a,b 
Objectives: 

1.
Describe the texture of a soil.

2. 
Explain the difference between organic and inorganic matter.

3. 
Distinguish between sand, silt, clay and loam.

4. 
Discuss how differences in soil texture affect water retention and drainage.

5. 
Identify types of soil amendments.
Teaching Time:

3 hours
References:
Reiley, H. Edward & Carroll L. Shry, Jr. Introductory Horticulture. Delmar 
Publishers, Inc. Albany, NY.

Bed Preparation.  Georgia Extension Service.
PowerPoints:





1.  Hort. Unit 4- Rebecca Johnson





2.  Environmental Requirements- Linda Rist

Materials and Equipment:

Handouts 3.1.1-3.1.4

Apple and knife

Jars

Soil samples

Gravel

Rulers

Teaching Procedure
Introduction and Mental Set
 
Hand out a copy of Soil Fact Sheet and handout 3.1.1 and allow students adequate time to read over.  Read over several of the items to help get the students mentally set.

Distribute 3.1.2 soil profile.  Discuss soil profile and the various horizons.  Lead students to develop four functions of soil.  Discuss soil amendments to improve texture, drainage, and water retention.
Discussion

1.
What is soil?  Students will give a variety of suggestions.  Teacher will write suggestions on board.  For interest, ask the different between soil and dirt (dirt-displaced soil).  Lead students to define soil:  outermost layer of earths surface containing various components that support plant life

2.
Peel an apple portion.  Explain that if the apple were the earth, the peel would represent the amount of materials present to support all life (via plant life on our planet).

3.
Distribute handout 3.1.3 Soil Terms to complete the last portion of the class period.

4.
Discuss the inorganic and organic components of soil.  Discuss the soil particle and its composition.  Discuss physical properties of soil (texture, structure, color).  Distribute handout 3.1.4.
5.
Activities

A.
Student experiment Partial Separation (use soil texture triangle).

B.
Have students calculate the effects of texture on drainage.
C.
Let the students mix different types of soil amendments and run a water retention and drainage test by adding water to the top of soil and collecting amount that drains from bottom.

6.
Laboratory
A.
Try this experiment to see how sand, silt, and clay particles are easily separated from soil.   Take a half-gallon jar, fill it half full of soil, and add water to a point within 2 inches of the top.  Replace the lid and shake until all the soil is in suspension (mixed very well).  Set the jar aside and examine it the next day.  The heavy sand particles should be on the bottom, silt above them, and clay on top.  (Organic matter may be floating on top of the water)  Definite layers should be visible.  Classify the soil based on the percent of sand, silt, and clay.  Is it a sandy loam, silty loam, or clayey loam? (Use the texture triangle, figure 4-6).

B.
Place a small amount of sand in one jar and clay in a second jar.  Pour a cup of water into each.  Record how long it takes the water to drain down through the media in each jar.  For best results, place 2 inches of coarse gravel in the bottom of each jar.

C.
Examine the label on a complete plant food.  List all the plant food elements and record the percentage of each available.  Identify major and minor elements.  Notice the small amount of the minor elements available.

Summary
Review major items in lesson:

Functions of soil

Composition of soil particles

Physical properties of soil

Composition of soil directly affects the soils physical properties.  Plan health, whether considering landscape plants, vegetables, or grass, is directly affected by the physical properties of the soils in which they are grown.  Soil amendments as discussed are essential in presenting an ideal growing environment for plants and correcting problems that may be encountered in native soils.

Evaluation
Lab activities

Written test

3.1.1
SOIL FACTS
· Soil makes up the outermost layer of our planet.

· Topsoil is the most productive soil layer.  It has varying amounts of organic matter (living and dead organisms), minerals, and nutrients.

· Five tons of topsoil spread over an acre is as thick as a dime.

· Natural processes can take 500 years to form one inch of topsoil.

· Soil scientists have identified more than 70,000 kinds of soil in the United States.

· Soil is formed from rocks and decaying plants and animals.

· An average soil sample is 45% minerals, 25% water, 25% air, and 5% organic matter.

· Different sized mineral particles, such as sand, silt, and clay, give soil texture.

· Lichens help to break apart rocks to form soil.

· Fungi and bacteria help break down organic matter in the soil.

· Plant roots break up rocks, which become part of new soil.

· Roots loosen the soil and allow oxygen to penetrate.  This is beneficial to the animals living in the soil.

· Roots hold soil together and help prevent erosion.

· Five to ten tons of animal life can live in an acre of soil.

· Earthworms digest organic matter, recycle nutrients, and make the surface soil richer.

· One earthworm can digest 36 tons of soil in one year.

· Mice take seeds and other plant materials into their underground burrows, where this material eventually decays and becomes part of the soil.

· Mice, moles, and shrews dig burrows, which help aerate the soil.

3.1.2
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A: Surface

Horizon
B: Subsoil Horizon
C: Substratum Horizon
R: Bedrock
A - horizonThis is the surface where initial plant growth takes place.
B - horizon This is the subsoil.  Roots penetrate into this horizon.  In most places it contains more clay than the surface horizon.

C - horizon Substratum.  It was mainly from this material that the overlying surface and subsoil formed.

R - BedrockThis is the last layer.  It acts as the foundation on which other layers rest.

As mentioned before, soil is composed of solid particles.  The space between these particles is called pore space.  It is filled by water and air.  See the sample on the following page.

3.1.3
Term Sheet
Soil

Soil Texture

Soil Structure

Soil pH

Primary Nutrients

Secondary Nutrients

Amendments (Soil)

Soil Profile

Soil Horizon

Organic Matter

Humus

Organic

Inorganic
3.1.4
Soil is made up of solid particles, water and air.  Soil is alive!  Soil contains a teeming population of very tiny plants and animals.  They are so small you cant see them with the naked eye, but youd better believe theyre there!

The solid particles of soil are both mineral and organic.  Organic matter (humus) refers to such things as fresh plant and animal residues, which are readily decomposed (broken down) by the soil.  The mineral particles are broken down according to their size.  The larger particles are called gravel.  Then comes sand, silt, and the smallest ones are called clay.  Soil, then, may be called a layer of materials (minerals, organic matter, water, and air) that covers the earths surface and that can support plant life.

Just how, you may ask, can soil be related to the earth?  You can think of this in terms of peeling an apple.  The peeling represents the soil and the apple itself, the earth.  When erosion (the washing away of the earths soil primarily by water and wind) occurs, the earth is peeled of its soil.  This may be less uniform in some places than others.  Commonly, on land not protected by grass or trees, nearly level or gently sloping areas are only slightly eroded; as slopes become steeper, erosion becomes more sever, and gullies form on some hillsides.

Soils are different just as people are different.  Soil may be black, red, or some other color.  It may be sandy, silty, or clayey.  Soils range from deep to shallow.  Just as no two people are exactly alike no two soils are exactly alike.  The land is made up of soils that differ in many ways.  Soils are composed of one or more layers or horizons lying approximately parallel to the earths surface.  A vertical section through the horizons is called a profile. 
3.1.4
[image: image6.wmf]
              Soil Particle

              Air Space

              Pore Space

Water
The water contains small amounts of minerals.  These serve as nutrients or food for the plants.  Air takes up the spaces not occupied by water.  When a heavy rain comes, the air is replaced by water.  During dry weather, there is usually more air than water in the soil.  The air in the soil contains oxygen.  This oxygen is used by the roots of plants in performing normal functions.
3.1.4
Representative Composition by Volume of a Medium textured Mineral Soil in Good Condition for Plant Growth
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3.1.4
Some Physical Properties of Soil
Soil texture  Soil texture is based on the various grain sizes that go to make up a soil. Soils with over 85% sand are called sand; those with over 40% clay are called clay; all the others are called loams (sandy loam, loam, clay loam, etc.).  The best surface soils usually contain 10 to 20% clay, about equal amounts of silt and sand, and a fair amount of organic matter.

One of the ways to tell the texture of a soil is by feeling it.  Take about a tablespoon of the soil.  Moisten it with a small amount of water until all the dry lumps are thoroughly moist.  Form a ball of the soil and take it between your thumb and forefinger.  Then try to squeeze the soil into a ribbon.  If the soil feels like flour (smooth and velvety), it contains a large amount of silt.  If it feels like tablesalt (gritty), it contains a large amount of sand.  If the soil can be pressed into thin ribbons without crumbling, then it is high in clay.

Test several samples in the above manner and attempt to name the 

texture of the soil according to the textural class characteristic in the chart on the 

next page.






ATTEMPTING TO FORM A RIBBON TO DETERMINE THE SOIL TEXTURE
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3.1.4

       SOIL TEXTURAL CLASSIFICATION TRIANGLE
HOW TO USE THE TEXTURAL CLASSIFICATION TRIANGLE

Locate the percent of sand along the bottom of the triangle.  Follow from this point UP AND TO THE LEFT, parallel with right side of the triangle.  The percent of sand is constant anywhere along this line.  Locate the percent of clay along the left 

3.1.4
side of the triangle and follow from this point HORIZONTALLY ACROSS to the right.  The textural class for the soil is shown in the area where the sand and clay percentages cross.  Check the accuracy of this point by locating the percent of silt along the right side of the triangle and follow DOWN AND TO THE LEFT.  The percent silt should meet the intersection of the sand and clay percentages.

[image: image11.wmf]Soil Structure: Soil structure refers to how the various particles in the soil are arranged in relation to each other.  Surface soil, for example, from a corn field usually has a different structure than the same kind of soil from woodlands.  There is a reason for this.  When soil particles are held together tightly by natures cements, they are called aggregates.  These aggregates may have rounded or sharp edges.  If many small aggregates are arranged together with a rounded edge, it is called a crumb structure.  This is very desirable for plant growth.

3.1.4
Good soil structure is necessary so that plant roots may feed, drink, and breathe at the same time.  No plant would be able to grow in a clod, because it would be impossible for the plants roots to penetrate it.

Soil Temperature: The temperature of soils is as important to plant growth as is air temperature.  Soil temperatures vary greatly.  In Alaska, for example, the soils are in constant frost at shallow depth, whereas in Hawaii daytime temperatures of the bare soil surface seldom fall below 100 F.  

Temperature of the soil can be estimated by adding 2F to the average annual air temperature.  

Soil temperatures have a direct effect on plant growth and on seed germination.  They also influence microbial activity, water movement through the soil, and the soils structure.  

Soil colors: Soil colors vary.  One soil may be black.  Another may be nearly white.  Soils may be red or yellow, and even bluish and greenish tinges occur.  Soil colors are usually not pure, but mixtures such as gray and brown.  As you examine a soil profile, you are likely to see definite changes in color from the surface through the subsoil and underlying parent material.  The surface will probably be dark, moderately dark, light, or very light.  Many subsoil are mottled gray, yellow and brown.  The various colors affect plant growth by the way they reflect or absorb heat waves.  For example, a dark colored soil, just as a dark colored car, would absorb heat waves and have a high temperature.  A light-colored soil, on the other hand, would reflect the heat waves and have a cooler temperature.

Dark-colored soils indicate that they contain a high organic matter content.  Light gray colors mean that they lack minerals such as iron.  Red colors mean that the soil is high in iron.  Mottling of colors indicate an excess of water in the soil during its formation.

Proper soil and water management practices can lead to many happy experiences.

3.1.4

BED PREPARATION AND FERTILIZATION RECOMMENDATIONS FOR BEDDING PLANTS IN THE LANDSCAPE
For healthy, aesthetic plants, the soil must serve as a reservoir for water, oxygen, and nutrients.  While this sounds very straightforward, providing these three essentials can be quite challenging.  The first step in evaluating a soil for bedding plants is to examine water retention and aeration characteristics. Both water and oxygen are required for plant growth, the challenge is maintaining a proper balance between the two.

Soil Texture
Soil consists of solid particles (sand, silt and clay) an pores (spaces for air and water).  Coarse-textured soils (sandy) have good drainage and plenty of oxygen but retain little water.  The opposite is true for fine-textured soils (clay) where drainage and aeration are poor, but water is plentiful.  The texture will determine whether maintaining water or oxygen will be your biggest problem.  In clay soils, providing enough aeration will be your biggest concern.  On the other hand, maintaining enough water will be your biggest challenge for sandy soils.

Soil Amendments
Both of these problems can be improved by amending the soil.  Properly amended clay soils will have adequate drainage to supply both water and oxygen.  The best amendments for clay soils are pine bark humus (" in diameter), composted leaf mold, or small pea gravel (3/8").  Be careful when selecting leaf mold, and make certain that the material is fully composted and not merely aged.  Decomposing materials will compete with plants for nutrients, especially nitrogen and sulfur, resulting in nutrient deficiencies and poor plant growth. 

Peat moss, sand, hardwood bark, sawdust, wood chips and pine straw are not recommended for clay soils.  Addition of these materials will not adequately improve the physical properties of a clay soil.  Amendments to clay soils must be incorporated to at least 25% by volume to be effective. For example, to result in approximately 8 inches of amended soil, a minimum of 2 inches of the amendment should be incorporated into the top 6 inches of soil.  This also helps raise the bed, which will not only improve drainage but will also make bedding plants look more attractive.  Incorporating up to 50% by volume will probably improve plant growth.  Incorporating up to 505% by volume will probably improve plant growth.  Incorporating more than 50% my have a negative effect on plant growth, while incorporating less than 25% by volume is a waste of time and material.

Amendments such as pine bark humus, composted leaf mold, or peat moss will improve water retention in sandy soils. Similar to clay soils, these amendments need to be added at a minimum of 25% by volume and a maximum of 50%.

Water Infiltration and Irrigation Calculations
Infiltration is the rate of water movement into the soil.  Typical infiltration rates for four soil types are listed in Table 1.  This table provides a rough idea of the rate you can use for you irrigation system before water begins to run off instead of being absorbed by the soil.  These rates should not be exceeded as the extra water drains off and is wasted.  Clay soils have infiltration rates that are 4 to 20 times slower than sands.  Of course, this will change after amendment, but a sandy soil will always have a higher rate of infiltration compared to clay.

A second important issue concerning irrigation is how long it takes for the water to drain from the soil, allowing oxygen to return.  Without adequate drainage between irrigations, there will be little oxygen in the soil.  A clay soil will take longer to drain and re-aerate than a sandy soil.  Bedding plants grown in clay soil that has been properly watered may not have to be watered more than once a week.  This will vary with time of year, sun or shade, plant growth, and other environmental factors.  However, bedding plants grown in a sandy soil may have to be watered 2 to 3 times a week.  Subsoil compaction or the presence of a hard pan beneath the bed can also affect water drainage and soil aeration.  It may be necessary to deep till beds to breakup the subsoil and increase drainage rate.

Bedding Plant Nutrition
Compared to woody plants, bedding plants have very limited root systems so it is critical that nutrients (excluding nitrogen) be distributed uniformly throughout the soil.  This requires planning prior to bed preparation to determine what nutrients are needed and in what quantity.

A soil test is the only way to determine if phosphorus, potassium, calcium, or magnesium must be added of if a pH adjustment is needed.  Without a soil test, any application of fertilizer could be detrimental to the landscape. Over application or application of unneeded materials could result in salt injury to plants, cause nutrient imbalances unsuitable for plant growth, and is environmentally unsound.  Contact your county extension agent for soil sampling boxes and proper sampling procedures.  Soil samples should be taken after amendments to improve aeration and/or drainage have been incorporated into the beds.  If test results indicate nutrient or pH adjustments are needed, follow the application recommendations given below.

3.1.4
Humidity


Most plants are not affected drastically by a minor change in humidity, the moisture level of air.  Most plants grow best in the 40 to 80 percent relative humidity range.  Relative humidity is the amount of moisture in the air as compared to the percentage of moisture that the air could hold at the same temperature if it were completely saturated.

Some plants are more sensitive to humidity than others.  Provided that the roots are able to replenish moisture lost through plant leaves as fast as it is lost and that the plants do not wilt, low humidity is not a great problem for most horticultural crops.  However, when hot, dry conditions cause plants to wilt, plant growth is slowed or stopped completely.  If wilting is allowed to reach the extreme state of permanent wilting, death occurs.  When the humidity is very high (80 to 100 percent relative humidity), of the problems may arise.  For example, high humidity may cause the spread of fungus diseases.
Plant Diseases and Insects
Any time a plant is suffering from disease or insect damage, production is reduced.  The amount of reduction depends on how severe the damage is and what percentage or part of the plant is infected.  For example, since leaf damage reduces the area available for producing food, the more leaves that are lost, the more severely total production is reduced.  Stem injury may girdle (circle) or clog up a stem and kill the entire plant because the supply of water and minerals to the plant top and food to the roots is completely cut off.

Some diseases and insect damage may be prevented by the use of varieties of plants that are resistant to disease and/or insects, or be crop rotation or chemical sprays.

Gases and Air Particles

Carbon dioxide is vital to plants for the production of food.  There is rarely a severe enough shortage of carbon dioxide to cause damage to plants.  However, greenhouse operators find that by adding carbon dioxide to the air, the growth rate of certain crops may be increased enough to more than pay for the added cost of the carbon dioxide.  In field 

grown crops, there is no economical way to add carbon dioxide.  Research is not being done to produce crops that can use CO2 more efficiently.  Yield increases of up to 50% may result, with no additional fertilizer use.  Other growth-restricting factors such as lack of water are usually more important to outside crops and are therefore given more consideration.

Some air pollutants damage plants.  Sulfur dioxide from coal furnaces and carbon monoxide from cars are known to reduce plant growth and in severe cases, to kill plants.  It is important to consider other toxic fumes in areas where concentrations are high enough to cause damage to crops.
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Limestone: 15 pounds per 1000 square feet
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Soil Test Report

Soil, Water, and Plant Laboratory

For establishment, incorporate 25 pounds of 5-10-15 per 1000 square feet into the top 4 to 6 inches of soil prior

to seeding, sprigging, or sodding. Then apply 3 pounds of ammonium nitrate (34-0-0) per 1000 square feet monthly during the growing season through August. To improve winter hardiness, apply 6 pounds of 16-4-8 or 8 pounds of 12-4-8 per 1000 square feet in September. Follow this fertilizer program for the first year only, then use the maintenance fertilizer program for the next 2 to 3 years. Retest 2 to 3 years after establishment.

CAUTION: Water lawn thoroughly immediately after applying fertilizer. Do not apply fertilizer when grass is wet,

For maintenance, apply 3 pounds of ammonium nitrate (34-0-0) per 1000 square feet when spring growth begins and again monthly through September as color and growth are desired.

Clippings do not contribute to thatch under proper management and thus, do not need to be removed. If they are removed, increase the fertilizer application rate by 30%.

PUTTING KNOWLEDGE TO WORK

The University of Georgia and Ft. Valley State College, the U.S. Department of Agriculture and counties of the state cooperating.

The Cooperative Extension Service offers educational programs, assistance and materials to all people without regard to rare, color, national origin, age, sex or disability

An equal opportunity/affirmative action organization committed to a diverse work force.
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