SOIL

How does soil change with depth?

Objective
This project has two goals: 

1. to observe and measure core samples of soil to see how soil properties changes with depth, and 

2. to compare soil core profiles collected from multiple sites. 

Introduction
"Soils are one of Earth's essential natural resources, yet they are often taken for granted. Most people do not realize that soils are a living, breathing world supporting nearly all terrestrial life." (GLOBE, 2005d)

We depend on soil for food production from crops, but our dependence on the soil goes much deeper than that. Soil is such a vital part of every ecosystem on Earth that it is often called "the great integrator" (GLOBE, 2005d). Here are some examples that help to explain the nickname: "Soils hold nutrients and water for plants and animals. They filter and clean water that passes through them. They can change the chemistry of water and the amount that recharges the groundwater or returns to the atmosphere to form rain. The foods we eat and most of the materials we use for paper, buildings, and clothing are dependent on soils. Soils play an important role in the amount and types of gases in the atmosphere. They store and transfer heat, affect the temperature of the atmosphere, and control the activities of plants and other organisms living in the soil." (GLOBE, 2005d)

Yet arable soil covers only a small fraction of the Earth's surface—about 10% (Levine, 2001a, see Bibliography for an interesting Web-based demonstration of this fact). This thin layer of soil is called the pedosphere. Soil formation is a grindingly slow process. To produce one inch of soil can take 500 years (NRCS, 2001, see Bibliography).

The study of soil is called pedology. Learn more about the world beneath our feet! In this project, you'll become an amateur pedologist and learn how to make the following soil characterization measurements: 

· site description, 

· horizon depths, 

· soil structure, 

· soil color, 

· soil consistence, 

· soil texture, 

· roots, 

· rocks, 

· carbonates. 

Terms, Concepts and Questions to Start Background Research
To do this project, you should do research that enables you to understand the following terms and concepts: 

· soil formation, 

· soil types, 

· humus, 

· silt, 

· sand, 

· clay, 

· soil horizon, 

· pedosphere, 

· ped. 

Questions 

· What is a soil horizon? 

· What are the five factors that contribute to soil formation? 

Bibliography
· Levine, E., 2005a. "Soil Science Education Home Page," Goddard Space Flight Center, NASA [accessed March 16, 2006] http://soil.gsfc.nasa.gov/index.html. 

· Levine, E., 2002. "Soil Science Basics," Goddard Space Flight Center, NASA [accessed March 16, 2006] http://soil.gsfc.nasa.gov/basics.htm. 

· To see an online, step-by-step guide to soil characterization, see:
Levine, E., 2001a. "Soil Characterization Protocols: A Step-by-Step Guide," GLOBE Soil Characterization Investigation [accessed March 16, 2006] http://soil.gsfc.nasa.gov/pvg/chartoc.htm. 

· This brief field guide shows the soil characterization protocol in condensed format:
Potter, R. and I. Trakhtenberg, 2002. "Soil Characterization Field Guide," Goddard Space Flight Center, NASA [accessed March 16, 2006] http://soil.gsfc.nasa.gov/laminate/laminate.htm. 

· For a detailed soil characterization protocol, download and print out this pdf document:
GLOBE, 2005b. "GLOBE Soil Science Protocols: Soil Characterization," Global Learning and Observations to Benefit the Environment [accessed March 16, 2006] http://archive.globe.gov/tctg/sectionpdf.jsp?sectionId=91&rg=n&lang=en. 

· For suggestions on finding a local expert who might be able to serve as a mentor for your project, see:
Levine, 2001b. "Resources," Goddard Space Flight Center, NASA [accessed March 16, 2006] http://soil.gsfc.nasa.gov/resource.htm. 

Materials and Equipment
To do this experiment you will need the following materials and equipment: 

· soil characterization field guide, 

· homemade soil auger, consists of: 

· length of 1" PVC pipe, 

· 1" wood dowel (for pushing soil core from PVC pipe), 

· sturdy wood block (to cover end of pipe when driving it in with hammer), 

· hammer or mallet. 

· spray bottle with water, 

· golf tees, nails or other horizon markers, 

· soil color book, 

· trowel or shovel, 

· paper towels, 

· meter stick or tape measure, 

· magnifying glass, 

· camera, 

· latex gloves, 

· vinegar, 

· eyedropper or disposable squeeze pipette, 

· sheets of paper or paper plates, 

· #10 sieve (2 mm mesh openings, should be able to find this at a gardening store), 

· soil characterization data sheet, 

· helper, 

· lab notebook, 

· pencils, 

· Munsell Soil Color chart (optional—$150 new; perhaps you can find this at your local library), 

· sealable bags or containers (optional), 

· marking pen (optional). 

Experimental Procedure
1. Select your sites. 

2. Describe each site in your lab notebook. Include in your description: 

a. slope, 

b. landscape position (e.g., hillside, summit, large flat area), 

c. cover type (e.g., trees, grass), 

d. land use (e.g., forest, lawn, beach), 

e. parent material (underlying bedrock, if you know it—a county soil survey may be available and would be helpful here). 

3. Take soil core samples at each site. 

a. Have your helper hold the PVC pipe vertically, with one end firmly on the ground where you want to sample the soil. 

b. Hold the wood block in place on top of the PVC pipe, to distribute the force of the blows from the hammer or mallet. (Keep your fingers out of the way!) 

c. Pound the PVC pipe into the soil, until there is about 6 in remaining above the surface. (Alternatively, you can take the soil cores out in smaller chunks, carefully assembling them in order.) 

d. Holding the pipe straight up and down, rotate it back and forth to loosen the pipe in the hole. 

e. Pull up the pipe with your soil core sample inside. 

f. Use the 1 in dowel to carefully push the soil core sample out of the pipe. Use paper plates or sheets of plain paper as a background for examining the soil core samples. 

4. Identify soil horizons. Use all of the information at your disposal: 

a. soil color and texture, 

b. root depth, 

c. evidence of worms and other soil organisms, etc. 

d. This is a good time to use your magnifying glass! 

5. Using golf tees or nails (or markers on the background paper), mark the soil horizon depths. 

6. Measure the horizon depths (top and bottom of each horizon) and record them in your data table (see below for example). 

7. For each soil horizon, use the table below to identify the soil structure and record it in your data table (GLOBE, 2005b; information also available in the printable Soil Characterization Field Guide). 

a. Use a trowel or other digging device to remove a sample of soil from the horizon being studied. 

b. Hold the sample gently in your hand and look closely at the soil to examine its structure. This is a good time to use your magnifying glass! 

	Step 7. Identifying Soil Structure

	Granular: Resembles cookie crumbs and is usually less than 0.5 cm in diameter. Commonly found in surface horizons where roots have been growing.
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	Blocky: Irregular blocks that are usually 1.5–5.0 cm in diameter.
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	Prismatic: Vertical columns of soil that might be a number of cm long. Usually found in lower horizons.
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	Columnar: Vertical columns of soil that have a white, rounded salt "cap" at the top. Found in soils of arid climates.
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	Platy: Thin, flat plates of soil that lie horizontally. Usually found in compacted soil.
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	In certain cases, soil samples may have no structure. These would be classified as either "Single-Grained" or "Massive."

	Single-Grained: Soil is broken into individual particles that do not stick together. Always accompanies a loose consistence. Commonly found in sandy soils.
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	Massive: Soil has no visible structure, is hard to break apart and appears in very large clods.
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8. For each soil horizon, identify the soil color by matching to the swatches in a soil color book (optional, but preferable), or by using descriptive color terms. Photographs would also be useful here for your display board. 

a. Take a ped (a ped is a small, naturally-occuring aggregate of soil—in other words, a small "lump" of soil) from the horizon being studied and note whether it is moist, dry or wet. If it is dry, moisten it slightly with water from your spray bottle. 

b. Break the ped and hold it next to the color chart. 

c. Stand with the sun over your shoulder so that sunlight shines on the color chart and the soil sample you are examining. 

d. Find the color on the color chart that most closely matches the color of the inside surface of the ped. 

e. Record the color of the ped in your data table, in the row for the appropriate soil horizon. Sometimes, a soil sample may have more than one color. Record a maximum of two colors if necessary, and indicate (1) the dominant (main) color, and (2) the sub-dominant (secondary) color. 

9. For each soil horizon, use the table below to identify the soil consistence (GLOBE, 2005b; also available in the printable Soil Characterization Field Guide). 

a. Take a ped from the soil horizon being studied. If the soil is very dry, moisten the face of the core sample by squirting water on it, and then remove a ped for determining consistence. 

b. Holding the ped between your thumb and forefinger, gently squeeze it until it pops or falls apart. 

c. Record your findings for each soil horizon in your data table. 

	Step 9. Identifying Soil Consistence

	Loose: You have trouble picking out a single ped and the structure falls apart before you handle it. Note: Soils with Single-Grained structure always have Loose consistence.
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	Friable: The ped breaks with a small amount of pressure.
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	Firm: The ped breaks when you apply a larger amount of pressure and the ped dents your fingers before it breaks.
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	Extremely Firm: The ped can't be crushed with your fingers (you need a hammer!)
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10. For each soil horizon, identify the soil texture using the instructions and the soil textural triangle, below (GLOBE, 2005b, also available in the printable Soil Characterization Field Guide).
Soil Texture, Step 1 

a. Place some soil from a horizon (about the size of a small egg) in your hand and use the spray bottle to moisten the soil. Let the water soak into the soil and then work it between your fingers until it is thoroughly moist. Once the soil is moist, try to form a ball. 

b. If the soil forms a ball, go on to Soil Texture, Step 2. 

c. If the soil does not form a ball, call it a sand. Soil texture is complete. Record the texture for this horizon in your data table. 

Soil Texture, Step 2 

d. Place the ball of soil between your thumb and forefinger and gently push and squeeze it into a ribbon. 

e. If you can make a ribbon that is longer than 2.5 cm, go to Soil Texture, Step 3. 

f. If the ribbon breaks apart before it reaches 2.5 cm, call it a loamy sand. Soil texture is complete. Record the texture for this horizon in your data table. 

Soil Texture, Step 3 

g. If the soil: 

· is very sticky, 

· is hard to squeeze, 

· stains your hands, 

· has a shine when rubbed, 

· forms a long ribbon (> 5 cm) without breaking, 

then call it a clay and go to Soil Texture, Step 4.

h. Otherwise, if the soil: 

· is somewhat sticky, 

· is somewhat hard to squeeze, 

· is at most slightly sticky, 

· forms a medium ribbon (between 2 and 5 cm) before breaking, 

then call it a clay loam and go to Soil Texture, Step 4.

i. Otherwise, if the soil: 

· is smooth, 

· is easy to squeeze, 

· is at most slightly sticky, 

· forms a short ribbon (< 2 cm) before breaking, 

then call it a loam and go to Soil Texture, Step 4.

Soil Texture, Step 4 

j. Wet a small pinch of the soil in your palm and rub it with a forefinger. If the soil: 

· Feels very gritty every time you squeeze the soil, go to b. 

· Feels very smooth, with no gritty feeling, go to c. 

· Feels only a little gritty, go to d.

k. Add the word sandy to the initial classification. 

· If you've reached this point, the soil texture should be one of the following: 

· sandy clay, 

· sandy clay loam, or 

· sandy loam. 

· Soil texture is complete. Record the texture for this horizon in your data table.

l. Add the word silt or silty to the initial classification. 

· If you've reached this point, the soil texture should be one of the following: 

· silty clay, 

· silty clay loam, or 

· silt loam. 

· Soil texture is complete. Record the texture for this horizon in your data table.

m. Leave the original classification. 

· If you've reached this point, the soil texture should be one of the following: 

· clay, 

· clay loam, or 

· loam. 

· [image: image12.jpg]percent sand
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Soil texture is complete. Record the texture for this horizon in your data table.

11. For each horizon, observe and record if there are none, few or many rocks. Use the #10 sieve to sift a soil sample from the horizon. Rocks will remain behind in the sieve. 

12. For each horizon, observe and record if there are none, few or many roots. Use the #10 sieve to sift a soil sample from the horizon. Roots will remain behind in the sieve. 

13. For each soil horizon, measure the free carbonates. 

a. Set aside a portion of the soil to use for the free carbonates test. Make sure not to touch it with your bare hands. 

b. Use the eyedropper (or disposable squeeze pipette) to add several drops of vinegar to the soil sample. 

c. Look carefully for the presence of effervescence (bubbles). The more free carbonates that are present, the more effervescence you will observe. 

d. From your observations, record in your data table one of the following notations: 

· None: if you observe no reaction, the soil has no free carbonates present. 

· Slight: if you observe a very slight bubbling action; this indicates the presence of some carbonates. 

· Strong: if there is a strong reaction (many, and/or large bubbles) this indicates that many carbonates are present. 

14. Take a photograph or make a drawing of your soil profile. Here are some tips for getting a good photograph. 

a. Use a marker and a blank sheet of paper to make a sign that identifies the site. Take a photograph of the sign (get close enough so you can read it) so that you'll know where the following pictures came from. 

b. Place a tape measure or meter stick starting from the top of the soil profile next to where the horizons have been marked. 

c. With the sun at your back, photograph the soil profile so that the horizon markers and their depths (on the tape measure or meter stick) can be seen clearly. 

d. Take another photograph of the landscape around your sampling site. 

15. Here is a sample data table. 

Slope: 3 degress
Landscape Position: large, flat area
Cover Type: grass
Land Use: school grounds
Parent Material: limestone bedrock

	Horizon
	Top
	Bottom
	Structure
	Color
	Consistence
	Texture
	Rocks
	Roots
	Carbonates

	1
	0 cm
	20 cm
	Granular
	10YR3/4
	Friable
	Loam
	None
	Many
	None

	2
	20 cm
	40 cm
	Blocky
	7.5YR6/8
	Friable
	Clay Loam
	None
	Many
	None

	3
	40 cm
	75 cm
	Blocky
	5YR6/8
	Firm
	Clay Loam
	None
	Many
	None

	4
	75 cm
	100 cm
	Prismatic
	5YR6/6
	Extremely Firm
	Clay
	None
	Few
	None


Interpreting Your Data
How do the soil profiles compare between the different sites? What do they tell you about the differences in environmental history between sites? 

Note: the following suggestions are taken from the Soil Characterization Protocol (GLOBE, 2005b). 

· Soil Horizons. It is unlikely that large numbers of distinct horizons will be found in very young soils (recently deposited, or close to bedrock), or very highly developed soils (such as are found in tropical regions). More horizons are found in temperate climates under forest vegetation. 

· Color. Dark colored soil is usually found at the surface, unless there has been intense leaching of organic material, such as in a conifereous forest, or deposition has occurred where new parent material has been deposited on top of a soil profile that was already developed. 

· Texture. In general, soil texture is similar as you go deeper into the soil, with a gradual increase in clay. If there is a very sharp difference in texture (such as a clayey soil over a very sandy soil) this may also be an indication of a different parent material due to depostion. This may occur if you are in an area near a stream where flooding is common, or where human activity has disturbed the soil and fill has been added. 

· Structure. Granular structure is generally found where there are many roots. Soils with high amounts of clay typically have blocky or massive structure. 

· Consistence. When soil has single-grained structure, the consistence is always loose and the texture is usually sand or other very sandy texture such as loamy sand. Testing for the bulk density of the soil can act as a check for the consistence since the denser the soil, the more firm the consistence will be. 

· Roots. Bulk density should be lower when there are many roots in the soil that add pore space to the horizon. 

· Carbonates. If free carbonates are present, the pH should be 7 or above since high amounts of calcium carbonate decrease the soil acidity and increase the pH. 

Variations
· Instead of using core samples, dig a 1 m deep pit to examine the soil. It's a lot more work, but you'll get a better look at the soil, and you'll probably be able to get deeper samples than with your homemade auger. Make sure you have permission to dig first. You'll also need to investigate ahead of time to make sure that there are no underground utilities (e.g., water, sewer, gas, electric, or telephone lines) in the area. 

· Advanced. If you want to perform further analyses of your soil samples, you should collect at least three samples from each soil horizon in sealable plastic bags. Mark each bag with the date, location, soil horizon, and depth from which it was collected. Here are some properties you can measure for your samples: 

· bulk density, 

· particle density, 

· particle size distributions, 

· pH, 

· soil fertility (N, P, K). 

Detailed experimental protocols for measuring each of these properties are available from the following website, under "Soil":
GLOBE, 2005c. "GLOBE Measurements," Global Learning and Observations to Benefit the Environment [accessed March 16, 2006] http://archive.globe.gov/fsl/html/templ.cgi?measpage&lang=en&nav=1. 

Credits
Andrew Olson, Ph.D., Science Buddies 

Sources
· GLOBE, 2005b. "GLOBE Soil Science Protocols: Soil Characterization," Global Learning and Observations to Benefit the Environment [accessed March 16, 2006] http://archive.globe.gov/tctg/sectionpdf.jsp?sectionId=91&rg=n&lang=en. 

· GLOBE, 2005d. "GLOBE Soil Science Protocols: Introduction," Global Learning and Observations to Benefit the Environment [accessed March 16, 2006] http://archive.globe.gov/tctg/sectionpdf.jsp?sectionId=88&rg=n&lang=en. 

Note: GLOBE (Global Learning and Observations to Benefit the Environment) is a worldwide hands-on, primary and secondary school-based education and science program. For more information, visit: http://www.globe.gov/fsl/html/aboutglobe.cgi?intro&lang=en&nav=1. 

 SEQ CHAPTER \h \r 1Module I: Soil
Objective:

The objective of this module is to provide students with a basic understanding of soil, especially in ways in which the knowledge can be applied to gardening, by providing them with terms and ways to describe soil.  Students should be able to successfully describe different soils and be able to explain what constitutes good gardening soil and why. 

Background:
WHAT IS SOIL?  

Soil comprises the outermost part of the earth’s surface.  It is what we walk on and interact with on a daily basis, and it is what most plants need to grow.  Soil is made up of a combination of three phases: solid, liquid, and gas.  The solid phase is the organic matter (what you touch and play with, and generally think of when you think of soil), and includes all the microorganisms that live in the soil.  The liquid phase is the moisture in the soil, and is very important because it is the part that plants soak up nutrients from.  The gaseous phase is the oxygen which circulates through the soil, and is also necessary for the roots of the plants.

DIFFERENT TYPES OF SOIL.  

Soil will have different texture and composition depending on where it is located.  Soil in riverbanks is often soft, dense, and clay-like, while other soil may be sandy and loose.  Soil color also varies widely, depending on mineral content.  Some soil is more acidic while other soil is more basic (this is dependent on the mixture of nutrients).  There is a world wide classification system used to sort soils around the world into different categories.

WHAT ARE NUTRIENTS?  

A nutrient is something that an organism needs for energy and to help make up the structure of the organism.  Nutrients can come in many different forms; for example we consume nutrients at every meal when we eat our food.  (The nutrition label on packages will tell us what nutrients we are consuming).  Plants consume nutrients by soaking up moisture from the soil.

WHAT NUTRIENTS ARE IN SOIL?  

Nitrogen, phosphorous, and potassium are the main nutrients needed in soil.  If there is too much or too little of any one nutrient, many plants won’t grow well.  If soil is overworked it may be depleted of nutrients and need something         additional, like fertilizer or compost which are rich in these nutrients. The teacher can provide examples here of ways in which industrial farming practices and other environmentally damaging activities may have a detrimental effect on soil quality.  
WHAT CONSTITUTES GOOD GARDENING SOIL?  

Some plants are more hearty than others, but generally soil needs to be well aerated (this is why tilling is done).  Earthworms are a good sign of healthy soil, because by burrowing through the soil they are keeping it naturally aerated.  Soil also needs a proper balance of nutrients, which is why fertilizers are often added.  If soil is too dry or too wet, or too dense, many plants will not grow well.

Key Vocabulary: 

Soil, three phases, solid, liquid, gas, organic matter, nutrients, nitrogen, phosphorous, potassium, compost, fertilizer, depletion, soil texture, soil color, aeration. 

The teacher should provide students with the above information about soil as a basis, 

and reinforce information when it is relevant to the activity at hand.
Soil Resources:

http://en.wikipedia.org/wiki/soil
Module II: Compost and Other Fertilizers
Background: 

WHAT IS FERTILIZER?  

Fertilizer is any compound that adds nutrients to the soil.  There are many types of fertilizer, some man-made, and some occurring naturally.  In both of these groups there are both organic and inorganic fertilizers.  Examples of inorganic, naturally occurring fertilizers include sodium nitrate and limestone.  Naturally occurring organic fertilizers are things like manure, peat, seaweed, and leaf mulch. Man-made, or manufactured, organic fertilizers include compost and bonemeal.  Manufactured, inorganic fertilizers include a variety of chemical fertilizers, often referred to as N-P-K fertilizers (containing nitrogen, phosphorous or potassium).  

WHAT TYPE OF FERTILIZER SHOULD YOU USE? 

There is not necessarily a right or wrong answer to this question.  However, it should be taken into consideration that man-made, inorganic fertilizers often result in further depleting soil of its nutrients in the long run, and therefore more and more must be added, which can result in things like chemical runoff that poisons waterways.  Organic fertilizers, on the other hand, are natural, easy to make, and often      cheap, and do not have these adverse effects. 

WHAT IS COMPOST?  

Compost is what is left as the result of the decomposition of organic matter (Organic matter is any carbon-containing matter and matter that can be broken up into its original elements. Often being organic coincides with being naturally occurring. ).

HOW DOES IT HAPPEN?  

This happens through a complex process in which micro-organisms cause the material to break down.  During the process high degrees of heat are created, which accelerates the composting process.  If a compost pile is too wet or too dry, or is not mixed well, it will compost very slowly.  

WHY SHOULD WE COMPOST? 

 Compost can be used as a fertilizer, and is an environmentally friendly, easy, and cheap way to give nutrients back to the soil and make your garden flourish.  Composting also allows you to turn old food into something good, instead of throwing it away and having it go to a landfill. 

HOW DO YOU MAKE COMPOST?  

Compost can be made with many different household scraps, especially fruit and vegetable remnants and crushed eggshells.  Dairy and meat scraps are not good for putting into your compost.  Grass clippings, leaves, wood ash, and garden scraps are all good for putting into the compost.  Compost needs to be layered, because different things put into it have different nutrients.  As a general rule, there should be layers of browns (carbon-rich materials) and greens (nitrogen-rich materials).  When you put in a layer of rotting fruits or vegetables, a layer of browns should also be added.  The compost also needs to have a good drainage system so that it will not get too wet and turn into mush, but if it is too dry it should be hosed down. Lastly, compost should be turned every now and then, and provided with ventilation, because  the process needs oxygen to work.  

Objective:  

The objective of this lesson is to teach students what fertilizer is and why certain fertilizers might be preferable to others, especially in terms of environmental impact.  The goal is to place a particular emphasis on compost and have students come away with a good understanding of how compost is made and why it is such a good fertilizer to use.

Key Vocabulary: 

· decomposing

· organic matter

· micro-organisms

· heat

· layering

· browns/greens

· drainage

· ventilation

· environmentally-friendly

Teacher should once again provide students with this background information before doing activities.

Compost and Other Fertilizers Resources:

http://en.wikipedia.org/wiki/compost
http://en.wikipedia.org/wiki/fertilizer
Module III: Soil Quality and the Environment

Background:

WHAT IS MEANT BY SOIL QUALITY?  Soil quality has to do with how capable soil is of providing functions such as sustaining plant life, cycling nutrients, filtering, and so on.  Soil that is of low quality will not have the capacity to grow plants as well as healthy soil, as it will be deficient in nutrients and/ or be poorly aerated or too wet or dry.

 WHAT IS SOIL AERATION?  Aeration refers to the circulation of air through a given medium, in this case soil.  Soil aeration is accomplished by loosening the soil so that it is easier for oxygen to circulate.  This is often done by tilling, but can be done on a small-scale by hand, using garden forks and such.  Earthworms are also a good sign of healthy and well-aerated soil, as they naturally cause aeration by moving around in the soil.

WHAT ARE MICROORGANISMS?  Microorganisms are microscopic organisms that live in the soil and in many cases work to keep it healthy, although sometimes these microorganisms actually do harm to plants, and cause things like fungi.

WHAT IS MEANT BY SUSTAINABLE AGRICULTURE?  Sustainable agriculture involves agricultural practices that cause as little change as possible to the natural environment, while at the same time allowing an indefinite production of food.  Sustainable agricultural practices include, but are not limited to, crop rotation, not using pesticides, practicing no-till farming and using recycled materials as fertilizer, as with compost or manure.

WHAT SORT OF IMPACT DO CONVENTIONAL FARMING PRACTICES HAVE?

Conventional farming practices often involve the use of chemical fertilizers, pesticides, and excessive tillage of the soil.  

· Chemical fertilizers can cause depletion of the soil’s nutrients in the long run, because farmers just add more and more of them to make up for nutrient deficiencies, instead of giving the soil time to regenerate in between crops.  Since chemical fertilizers are added in such excess amounts, there is also a problem of runoff, where when it rains, excess fertilizer in the topsoil gets washed into local waterways, causing pollution. 


· Pesticides not only kill garden pests, but are also often harmful to other animals that may try to eat the plants.

· Excessive tillage of the soil can lead to soil erosion, where the topsoil gets washed away and many important nutrients as well.  It also disturbs the natural habitats of organisms living in the soil.

These impacts not only affect the farm itself, but all local ecosystems, so they are harmful to the environment as a whole.

Key Vocabulary: 

· Soil quality

· Aeration 

· Tilling

· microorganisms

· sustainable agriculture

· crop rotation

· pesticides

· no-till farming

· runoff

· pollution

· habitat

· ecosystem

· environment

Objectives: 

The objective of this module is to first provide some additional knowledge about soil health to the students, and secondly to help them understand the negative consequences to soil quality associated with conventional farming, as well as understanding the bigger impact on the environment as a whole.

The teacher should provide the information in the “subject matter” section before beginning the activities.

Activity II: Thinking like a farmer

Background:

· crop rotation means planting one crop in a given area for one season, and then planting something that helps replenish nutrients in the next season.  A common example is alternating corn and soybeans, as soybeans replenish the nitrogen in the soil.  This is an alternative to using chemical fertilizers.

· no-till farming does not necessarily mean the complete absence of tilling, but farmers may till only the strip of land in which seeds are to be planted, therefore reducing the disturbance of soil (and also the use of the tractor, which = oil = greenhouse gases).

· not using pesticides involves various other, more environmentally-friendly practices, such as planting crops away from the food crop that will attract the insects, using natural insecticides, and introducing natural predators, although this last method is not necessarily the best because it is introducing a new organism to the ecosystem.

· the use of alternative fertilizers has already been explained.

Objective: 

Students learn to think critically about reducing damage to the soil and the surrounding environment, while having the chance to think about it from someone else’s perspective.

Materials: Paper

· Pencils

· potentially access to an encyclopedia or some other resource

· crayons

Procedure: 

1. Teacher takes plenty of time to review the differences between conventional agricultural practices and sustainable agriculture, making sure students have a full understanding of both.

2. Students are told to pretend that they are starting a farm of their own.

3. Students are given paper and crayons, and have the chance to draw a picture of what their farm will look like.

4. Students then will write an essay, answering the following questions, and anything else they wish.

 
- What is the name of your farm?


- What crops do you grow there?


- What sort of fertilizer do you use and why?


- Do you use pesticides?  Why or why not?


- If not, what do you do instead?






- Do you rotate your crops?  Why or why not?


- Do you till your land?


- Is your farm environmentally-friendly and why or why not?

Encourage students to be creative, possibly coming up with a new name for themselves, or even a new species of plant that will add nutrients to the soil.  This assignment is about understanding the importance of soil health and a healthy environment, not necessarily correct information about plants.

Activity III: Earthworms – soil aeration, and decomposition
Objective: Students get to see not only what earthworms do to help aerate the soil, but how they help decompose organic matter as well.

Materials: 

· two liter soda bottles with top half cut off

· trowels

· aluminum foil

Procedure:  

1. Teacher reviews the concepts of soil aeration and decomposition and explains that earthworms can help in this process.

2. Students break into a few groups 

3. Each group brings a soda bottle into garden and fills it part way with soil.

4. Groups dig up earthworms to put into their bottles

5. Students place some organic material in the bottle that can decompose

6. Students cover bottles with aluminum foil

a. This project is an ongoing process.  They will not get results in one day, so each day they must continue to check the progress and also check soil moisture and add water if necessary to help with decomposition.

7. Students go back in side and each group writes a paragraph or two predicting 

8. what will happen to the soil - will it get looser?  

9. what will happen to the organic matter? 

10. why might worms be considered decomposers?

This activity was taken from www.naturewatch.ca/english/wormwatch/activities/invest2.html 
Soil Quality and the Environment Resources:

http://en.wikipedia.org/wiki/microorganisms
The Magic School Bus Rocks and Rolls

Field Trip Notes
To celebrate the founding of Walkerville, Mrs. Frizzle's class sculpts a stone likeness of Walkerville's founding father, Captain Walker - but the statue tumbles down the mountain. Ms. Frizzle turns the bus into a giant boulder, the kids into rock-kids, and they give chase. By the time they reach the celebration at the base of the mountain, they've been pushed, tossed, sanded, polished, and eroded by water - as has the statue, now the size of the soccer ball. The kids are sure they've let everyone down - until they look back at the mountain for the surprise of their lives! 


Get Eroded
Going Hands-On 

Time: 30 minutes 
Group Size: 4
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Arnold and the other kids enlist the power of water erosion to sculpt stone! Your kids explore how running water moves earth and creates new landforms.

What You Need 
· Paper cup 

· Drinking straw 

· Modeling clay 

· Wood plank or stiff cardboard about 2 feet long 

· Bucket of soil 

· Trowel or large spoon 

· Stones 

· Bucket of water 

· Copies of GET ERODED! page 
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Ahead of time: Find books about local geology. Fill a bucket with local soil. Ask kids to bring in a water-eroded rock. Ask: What will you look for? (smooth, sculpted shape; ice cleavages) 

Talk About It 
Ask: How might water have changed your rock? What evidence do you see? How might water move rocks to faraway places? 
What To Do
1. This is an outdoor activity. Have kids set up erosion boards on outdoor tables or the ground. Have buckets of soil and water ready. 

2. Help kids poke holes in their cups. Seal the straw with clay. 

3. Have kids draw predictions before anyone gets water. 

4. After the first erosion test, ask: What might happen later to the soil and rocks washed down the slope? 

5. Get kids to clean off the erosion board and add a new soil layer. 

6. Repeat with the boards at a higher angle. Ask: Why would water flowing down a steeper slope wash down more soil and bigger rocks? (The water has more energy.) 

7. Challenge kids to contain the erosion. Create a landscape to control water flow by packing soil around stones, sticks, leaves, roots.

Next Stop
Draw timelines of the kids’ rocks. Decide on a time scale, and let kids give their ideas for: where their rock was a very long time ago and what it looked like; where it was found; where it will be and how it will look a long time in the future.

