Forestry and Natural Resources

Unit 2:  Soils

Unit 2:  Soils

Lesson 5:  Soil Conservation

Duration:  2 to 3 Hours

Students will be able to:

1. Describe the various types of soil erosion and their causes.

2. Discuss methods of preventing erosion of farmland.

3. Discuss methods of preventing erosion on non-farmlands.

4. List and discuss the causes of soil degradation.

5. Describe land use planning and major laws affecting land use.

Suggested Activities:

2.5A - Slope of Land

2.5B - Shrinkage and Expansion of Clay

Teaching Outline

I.
Soil Conservation

A.
Analyzing soil erosion

1.
Erosion occurs when soil particles detach from their original site and are transported to another location.  Erosion degrades the land and can render it unproductive.

2.
Geological erosion is naturally erosion that occurs with a slow deliberate pace over thousands of years by means of rain, wind, fire, ice, and other natural agents.

3.
Accelerated erosion is an increase in the normal rate of erosion, mostly due to the influence of man on the environment through the removal of vegetation.

4.
Causes of erosion come in two main forms, erosion from water and wind.

a.
Water caused erosion happens through splash erosion and runoff.

i.
Splash erosion:  Falling raindrops strike the earth at about 20 mph.  The effect of one drop is little but many drops can tear apart the surface of the soil. Particles can settle in soil porous clogging them an prohibiting the soil from absorbing the water.

ii.
Runoff erosion:  Surface water begins to move down hill and picks up soil particles carrying them away, the faster the water flows the more destructive the it becomes.  This process affects the soil in three ways.  The existing soil structure is damaged and less productive.

iii.
The soil surface may be changed and gullies may have been formed making the soil less workable.

iv.
The soil carried away will be deposited elsewhere having a negative effect on that location by changing its characteristics.  (i.e., clogged waterways or mud flats).

b.
Wind erosion causes soil particles to dry making them easier to dislodge and once dislodged the wind will move these particles away from their original location.

c.
Both these processes are greatly increased by the removal of vegetation.  Vegetation can prevent the impact of rain on the soil, hold soil in place, and prevent the drying of the soil by wind through covering it.

5.
Results of Erosion

a. 
Sheet Erosion ‑ the gradual and uniform removal of the surface soil caused by splash erosion along with a slow runoff of water carrying soil particles away. The topsoil is slowly removed and the productivity of the soil is decreased.

b. Rill Erosion ‑ rills are small streamlets that cut small furrows into the soil surface by means of the running water. Once the amount of water being applied to an area exceeds the holding capacity of the soil the water will begin to run down hill carrying soil particles with it. Soil is being removed from this area.

c.
Gully Erosion ‑ this form of erosion starts out as a rill, if the rill is not altered in anyway and runoff is allowed to flow down this path continually it will develop into a gully, a deep channel. Gullies usually begin at the bottom of the slope and work their way up the slope eroding each segment of earth it comes in contact with. If gullies are allowed to get large enough they can prevent an area from being farmed because machinery cannot be moved across them.

d.
Sand deposits or drifts, both of which can decrease soil productivity. Sandblows can also cause air pollution by capturing soil particles in the air.

6. 
Controlling Water ‑ Caused Erosion on the Farm

a. 
Cover Crops ‑ close growing plants that will hold the soil in place and prevent soil loss in runoff and wind. The plants can also minimize the effects of splash erosion by decreasing the velocity with which the raindrops hit the soil. Cover Crops can increase the amount of organic matter in the soils and improve structure. When this crop is plowed under it is called a green manure crop.

b. 
Crop Rotation ‑ the orderly and repeated sequence of different crops grown on the same field. This decreases the amount of erosion that occurs and maintains soil nutrients. Each crop promotes and detracts from certain aspects of the soil.

c. 
Strip Cropping ‑ is the production of alternating bands of different crops in the same field. The idea is to alternate heavier vegetation crops with row crop bands to decrease wind erosion of the soil during row crop production. Water erosion is also decreased because the heavier vegetation decreases the amount of runoff that occurs and holds the soil in place more efficiently.

d. 
Grassed Waterways ‑ this is a drainage area that collects water and directs toward a safer route that will decrease the effects of erosion. These waterways are planted with grasses that will prevent erosion of the waterway be holding the soil particles in place. These waterways are not cultivated with the rest of the field.

e. 
Conservation Tillage ‑ any tillage system that is economically practical for crop production and aids in soil and water conservation. Most of these processes will rely on leaving crop residue or some kind of ground cover on the soil until the next crop is established. While this is an essential aspect for preventing erosion it does have drawbacks, weed and insect populations can increase and more fertilization may be required due to the use of nutrients by the decaying plant residue. 1. Other forms of conservation tillage are minimum tillage, no till, zero till, stubble plant, chisel plowing, lot planting, and strip tilling.
f. 
Contour Farming ‑ the ground is tilled and planted around the hill, across the slope, instead of up and down it. This way each furrow acts as a small dam that prevents the ready flow of water downward decreasing the erosion of the soil. The water is then directed to a grassed waterway that will handle the water in the least destructive way.

g. 
Terraces - This option is similar to contour farming, but the advantage is that it can handle larger amounts of water and further decrease erosion. Larger surface channels are developed across the slope that are able to collect more water and divert it to a protected area that can better handle the water with out increasing erosion. The goal is to decrease the velocity at which the water is moving downward and thereby decrease its ability to severely erode the surface. This method is seldom used in the United States but is common in other countries.

7. Controlling Wind - Caused Erosion on the Farm

a.
Windbreaks and Shelterbelts ‑ consist of rows of trees and/or shrubs that are planted across the prevailing wind direction in order to break up the surface movement of the wind. The movement of the wind along the ground is stopped by this obstacle and forced to go over it. The wind will then gradually falls back towards the ground after it has moved over the obstacle. The intensity of wind on the ground is then decreased for a distance and the impact to the soil is diminished. Windbreaks are usually planted to protect buildings and shelterbelts break the wind for crops. These vegetative structures decrease the amount of erosion by preventing the wind from drying the soil and blowing it way.

b. 
Conservation Tillage - Leaving crop residue on the field helps to conserve soil moisture, reduces surface windspeed, and holds the loose soil particles in place.

c. 
Contour Farming - Instead of planting crops across the slope, crops are planted across the prevailing winds. Each row of vegetation then acts as a small shelterbelt and decreases wind speed on the ground. 8. Non-farm Erosion Control

8.  Non-farm Erosion control

a. Diversion Ditches and Berms - placed across the slope and collects the runoff conducting it to a site for safe disposal. These may be planted in grass or paved in concrete, either way both methods provide a means by which erosion is prevented when water is following through these structures.

b. Waterways - this is similar to the farming use and it will collect excess water and conduct it elsewhere. Waterways in the urban environment can be concrete lined in order to move all water quickly away from an area.

c. Sediment Basins - help prevent the sediment deposits from developing in places it does not belong, (e.g. gutters or parking lots). It catches runoff from berms or ditches and allows enough time for the sediment to settle out of the water. The water is then diverted or allowed to filter back into the ground.

d. Bank Protection - steep banks, like that on mountainous roadways are often removed of vegetation during the construction process. These banks need to be protected from erosion by planting vegetation or using concrete walls, etc.

e. Terracing - this again is similar to fanning, terracing breaks the long slope up into shorter slopes decreasing the erosion potential and the water is then diverted to another area. This is useful in dealing with steep banks and slopes.

f. Lawns, sodding, mulching, ground covers and cover crops are again vegetative ways of preventing soil erosion both in residential and urban areas. These methods provide ground cover that protects the soil from wind and water destruction.

B.  Soil Degradation - A loss of soil productivity resulting from erosion, salinization, alkalization, watterlogging, plant nutrient depletion, depletion of soil organic matter, deterioration of soil structure, pollution, and desertification. 

1. Causes of soil degradation

a. 
Erosion - soil loss due to wind or water, the most serious threat to long term agriculture

b. 
Salinization (the accumulation of soluble salts), Alkalization (accumulation of exchangeable sodium), and Water-logging usually result from improper irrigation practices. Secondary salts are transported during erosion to the land down stream or slope from the land that is being irrigated, altering the mineral content of the land further down stream.

c. 
Nutrient and organic matter depletion and deterioration of soil structure often occurs when soils are cultivated with low levels of fertilizers and organic matter additions. Soil structure deteriorates when organic matter is lost and the soil can become compacted over the years because of tillage with heavy machinery.

d. 
Pollution - chemicals, industrial waste, human waste, and livestock waste can cause pollution when handled improperly. An  accumulation of heavy metals, salts, or chemicals can make the soil less productive.

e. 
Desertification - overgrazing, deforestation, and poorly fertilized cultivation of crops remove plant cover. This decreases the amount of organic matter in the soil and strips the soil of nutrients which ultimately decreases the fertility of the soil.

2. The Effects of Pesticides, Herbicides, and Fertilizers on Soils

a. These chemicals have many beneficial aspects, but we must realize the destructive potential that these substances can have on theenvironment in which we live.

i. Chemicals applied to the soil can leach through the soil and contaminate groundwater.

ii. 
Chemicals can contaminate fresh water supplies by being washed away in runoff or binding to soil particles that are then carried away in runoff and ultimately deposit into a freshwater supply.

iii. 
Chemicals can also become concentrated in an area of soil to a point at which they inhibit plant growth or make humans and animals sick.

b. 
What happens to chemicals in the soil?

i. 
Absorption - the process by which molecules, atoms, and ions are taken up and retained on the surfaces of solids by chemical or physical binding. The chemicals can bind to soil particles.

ii. 
Decomposition - to separate or resolve into parts or elements or into simpler compounds. Microorganisms carry this process out in the soil they break the chemicals down into smaller parts.

iii. 
Volatilization - easily passed away by evaporation. Chemicals can be evaporated into the atmosphere.

3. 
Waste Disposal

a. 
Sewage Sludge - can be incinerated, deposited in landfills, and several forms of land application.

i. 
Used in agriculture as a fertilizer and improving soil characteristics.

ii. 
Forest utilization to increase productivity.

iii. 
Land reclamation to reclaim disturbed land, ex. strip-mining reclamation.

iv. 
Sewage sludge can be beneficial, but it can be a source of pollution such as heavy metals.

b. 
Domestic Solid Waste - Most municipal wastes goes into landfills

i. 
Landfills are made from ravines or holes dug into the earth. To prevent soil degradation and water pollution the holes are lined with impermeable clay.

ii.  When the landfill can no longer handle more waste it is filled in with clay and topsoil then seeded with grass.

c.  Industrial Waste - manufacturing plants can either use toxic chemicals in their manufacturing processes or create toxic chemicals as a by-product, there are three methods used to dispose of these wastes.

i.  Deep Well Injection - waste is pumped through a protective casing into a porous bed of stones beneath the water table..  The bottom of the bed is lined with impermeable clay.  Problems with this method arise when there are leaks at the surface or in the casing that allows the material to be injected below the water table or if the clay allows penetration outside the well.

ii.  Surface Impoundments - small ponds where waste waters with low levels of solid wastes accumulate and the water is evaporated from the waste.  To prevent contamination, these ponds are lined with impermeable clay and plastic.  Problems with this method can occur when either the plastic liner or clay layer leaks, releasing contamination or when the waste water exceeds the banks of the pond and causes an overflow.

iii.  Landfills - similar to the municipal landfills except that it is designed to prevent all leaching.  These sites will use clay and plastic liners and sometimes a leachate collection field and pumping system.

d.  Animal Wastes

i.  Animal manure can be applied to agricultural land to improve soil tilth, increase organic matter, water holding capacity and soil structure, as well as increase nutrient levels.

ii.  However, manure can cause pollution if it is applied to heavily due to an accumulation of minerals levels unhealthy to crops.  Manure runoff into lakes and streams is detrimental to aquatic populations because it increases the amount of bacteria in the water which decreases the oxygen level.  This results in the loss of aquatic life.

e.  In order to maintain the integrity of our soils we must learn to responsibly manage them.  This includes handling wastes and chemicals in the proper way as not to contaminate the soil as well as using proper fertilization, irrigation and organic matter replacement techniques.

IV.  Land Use Planning

A.  Land Use - the utilization of an ecosystem by humans in order to derive benefit.

1.  Examples of land use - agriculture, highways and roads, urban areas, airorts, state and national parks, national defense areas, harvesting trees from a forested area, mining.

2.  Alternative land use  using a parcel of land in a different way than it has been used before.  Example:  turning agricultural land into a housing development

3.  Importance - Land use planning takes into consideration all the aspects of the land as well as the desires of a community and tries to develop a plan to which the land and environment will be suitable.  This process determines uses for the land before it is damaged by inappropriate use.

4.  Considerations

a.  Soil types and capabilities, slope, vegetation quantity and types, hydrological system, climate, minerals, bodies of water, wildlife.

b.  Goals of the community and land owners, population, growth, traffic, economy.

B.  Issues Concerning Land Use

1.  Protecting land use from urbanization.

2.  Protecting environmental beauty.

3. 
Use of federal and state-owned land such as grazing livestock, tourism, recreation, etc.

4. 
Developing highways and roads

5. 
Protecting forests, minerals, and wildlife

6. 
Destruction of natural terrain

7.  Protecting natural ecosystems

C. Laws Pertaining to Land Use

1. Land Use Ethics - considering humans as a member of the biotic community, realizing that humans are a part of a natural system that must be maintained in order to preserve the resources that currently exist.

2. 1972 Federal Water Pollution Control Act (The Clean Water Act) reauthorized in 1981 and 1987. Provides loans for the construction of sewage treatment plants and limits the waste that industries and municipalities can discharge. It also provides wetland protection.

3. 1974 Safe Drinking Water Act sets standards for removing contaminants from drinking water and requires states to protect their groundwater supplies. This can severely limit land use in a specific area.

4. 1980 Comprehensive Environmental Response, Compensation and Recovery Act was created to set up a fund for cleaning up old toxic wastes sites. 1976 The Resource Conservation and Liability Act was designed to prevent new uncontrolled toxic wastes sites from being formed. Both these laws control land use for waste disposal.

5. 1973 Endangered Species Act was designed to protect dwindling species of animals and plants from hunters and developers. Land use is controlled within the range of listed species, certain areas cannot be used in order to preserve the habitat of the species in question.

6.  1872 Mining Law enables miners to use publicly owned lands to develop mines for a fee, again determining land use within an area.

Laboratory Exercise 5A

Determining Slope of Land

Duration: 1 Hour

Purpose:

The slope of the landscape can be of great importance to land use planning. Use of land and application of management practices are affected by slope. A determination of slope may be difficult and time consuming unless the operation has available some simple device for the purpose. This exercise will deal with the development of a simple slope finder.

Materials:

1. One 8‑1/211 x 11" piece of 1/41' plywood for each student

2. One slope finder chart for each student

3. One package of Saran Wrap or thin plastic material for covering the slope f inder

4. Masking tape for the edges

5. Wood glue

Directions:

1.
Mount the slope finder chart on the plywood with glue.

2.
Either cut an opening for a hand hold or construct a handle.

3.
Cover the slope finder with a waterproof protective covering.

4.
Use brads for sighting pins and place as shown on the chart.

5.
Suspend weight, such as a small bolt, by string from the top point.

6. 
Find slope by holding the finger so as to align the sighting pins with an object up or down the slope at eye height above the ground. When the string comes to rest, hold in place on the degree line and read slope.

7.
Test slope finder in field in connection with land judging or other activities.

Questions:

1
Test slope finder in the field indicating direction and per cent of slope.

2.
How does slope of land affect soil conservation practices?

3.
Why do some areas use contour farming or terraces?

4.
On irrigated land, what does per cent of slope have to do with water penetration?

5.
What does per cent of slope have to do with kinds of crops grown?

6.
What will slope of land have to do with tillage equipment and tillage methods?

Laboratory Exercise 5B

Shrinkage and Expansion of Clay

Duration:  2 Hours

Background:
Soils high in clay are difficult to manage for several reasons. This set of exercises will point out some of the common problems associated with soils high in clay content.

Objectives:
1.
Students will understand why cracks frequently appear in dry fields. 

2.
Students will understand why clay slippery when it is wet.  Can clay explode?

Materials:
1.
Ceramic clay
8.
Several wood squares 4” x 4”

2.
Various soil samples high in clay
9.
Text tubes

3.
Montmorillinite clay
10.
Wax pencil

4.
Kaolinite clay
11.
Centimeter ruler

5.
Egg cup
12.
Knife

6.
Beaker
13.
Small amounts of lime and gypsum

7.
Water
14.
Hotplate

Directions:
1.
Measure various dry powdery clay soils and other types of clay into test tubes to about the halfway mark. Mark the level with the crayon. Add water to the three‑quarter mark and shake well. After 24 hours measure the new level of the soils and clays. Record your results. Is there a difference? Why? Why does it vary from tube to tube? If some of the clay remains suspended in the liquid, add lime or gypsum. What happens? Why? How is this important in the soil?

2.
Moisten several clay soils and other clays and work them separately into small brick‑like rectangles. What characteristics do you notice while working the different clays? Put them on a piece of glass or cutting board and cut each to a length of 10 cm., a width of 3 cm. and a height of 3 cm. Let them dry at room temperature for 24 hours. When dry, measure again. Determine the percentage shrinkage. Why did the "bricks" shrink? Place one wet brick made of a clay soil on a hot hotplate. Stand back. What happens? Why? Why didn't this happen to the other bricks?

3.
Make a paste from each sample. Plaster a wooden square completely and set aside to dry. What happens? How is this similar to what happens to a field of soil?

4.
Moisten different clay soil samples. Work each one between your fingers. Is there any difference in the feel of the material? Add some lime or gypsum to each sample and note difference in feel. What has happened? How might this be important in the soil?

5.
Fill and level an egg cup with dry clay material and place inside a large beaker. Gradually add water to cover the material in the egg cup. Observe what happens to the clay material in the cup.

Questions:
1.
Why is it important to know both the type and amount of clay in a soil?

2.
What may a person do to help correct soils which are high in clay?

3.
What is the action of gypsum or lime on clay particles?

4.
What would the addition of gypsum or lime do to increase the penetration of water into a high clay soil?

5.
When would a person prefer to use lime? What other properties of lime are important to consider?

6.
Are there other materials to aid in soil granulation?

SLOPE FINDER
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