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FOREWORD

Agricultural Education curriculums are built on the core courses, Agricultural Science | and Il. This Soil
Science Instructor Guide enables agricultural education to remain technically current and to provide applicable
curriculum for students with an occupational objective in agribusiness and/or production agriculture and/or
horticulture. This Soil Science Guide is also appropriate for use in Agricultural Science I, Crop Science,
Agricultural Structures, Soil and Water Management, Nursery Operation and Management, Turf Management,
Fruit and Vegetable Production, Landscaping, and Conservation of Natural Resources. This unit represents
15 hours of instruction for agriculture students in the tenth grade or above.

To meet the demand for greater accountability, this guide incorporates the needed component parts to
implement the Vocational Instructional Management Systems (VIMS). The instructor's guide includes:
objectives, competencies, motivational techniques, teaching procedures, discussion items, activities,
transparency masters, and evaluations. One copy of the student reference is also included and is an integral
part of this curriculum. The student reference contains thirty-two color plates as well as valuable tables and
charts. Additional copies of the student reference can be purchased separately.

This curriculum contains 13 lessons, which cover a wide range of topics including: Why soil is important, how
soils are formed, the importance of soil color, texture, and structure, a description of a soil profile, soil
chemistry, soil fertility, site characteristics, taking soil samples and interpreting the results, water movement
through soil, ways to manage soil, and describing the environmental impact of soil and water management.
Helpful information for conducting soil contests is found in Appendix I: How to Organize and Manage a
Soil-Judging Contest. The new soil judging scorecard for Missouri is included in Appendix Il: Evaluating
and Interpreting the Landscape Soil Pedon.

Richard Linhardt, Professor
Agricultural Education
University of Missouri-Columbia

Terry Heiman, Director
Agricultural Education
Department of Elementary and
Secondary Education
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OBJECTIVES
1. The student will be able to explain the importance of soil.

2.  The student will be able to describe how soils are formed.

3. The student will be able to explain the importance of soil color.

4. The student will be able to explain the importance of soil texture.

5. The student will be able to explain the importance of soil structure.

6. The student will be able to describe a soil profile.

7. The student will be able to explain how plants exchange anions for cations.

8.  The student will be able to identify what plants get from the soil to be healthy and what gives maximum
yields.

9. The student will be able to prepare a sample for analysis.

10. The student will be able to evaluate the effects of soil on water.

11. The student will be able to describe the various site characteristics.

12.  The student will be able to identify ways to conserve and manage the soil.

13. The student will be able to describe the environmental impact of soil and water management.

NOTE: Percent of accuracy should be set by instructors to reflect passing grades within their school systems.

COMPETENCIES

1. Explain the importance of soil.

2. Describe how soils are formed.

3. Explain the importance of soil color.

4. Explain the importance of soil texture.



10.

11.

12.

13.

Explain the importance of soil structure.

Describe a soil profile.

Explain how plants exchange anions for cations.

Identify what plants get from the soil to be healthy and what gives maximum yields.
Prepare a soil sample for analysis.

Evaluate the effects of soil on water.

Describe the various site characteristics.

Identify ways to conserve and manage the soil.

Describe the environmental impact of soil and water management.

MOTIVATIONAL TECHNIQUE OR INTEREST APPROACH

1. Use an actual growing plant to explain the importance of soil and how it affects the growth of plants.

2. Discuss how soils are formed. Survey class as to the different types of soil and how they are formed.

3. Discuss the Munsell Color Notations.

4. lllustrate how texture influences the workability of soil.

5. Use soil samples to demonstrate the different types of structure.

6. Use soil monoliths for observing the different horizons.

7. p;e pH paper to test a number of household solutions, such as tapwater, ammonia, vinegar and lemon
juice.

8. Visit a fertilizer manufacturer.

9. Discuss why soil tests are important.

10. Invite a prominent farmer to visit the class and explain proper management of the soil.

EVALUATION

1. Give short, objective tests following each lesson and a more in-depth objective test at the conclusion of
the unit.

2. Observe the changes in behavior as evidence of an improved ability of students to deal with problems in

soil science.
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Student Names:

Soil Science

Class/Section:

| COMPETENCIES

Explain the importance of soil.

Describe how soils are formed.

Explain the importance of soil color.

Explain the importance of soil texture.

Explain the importance of soil structure.

Describe a soil profile.

Explain how plants exchange anions for cations.

P IN | |0 W

Identify what plants get from the soil to be healthy and
what gives maximum yields.

9. Prepare a soil sample for analysis.
10. Evaluate the effects of soil on water.
11.  Describe the various site characteristics.
12.  Identify ways to conserve and manage the soil.
13.  Describe the environmental impact of soil and water

management.




UNIT - SOILS

Lesson 1: Importance of Soil

Objective: The student will be able to explain the importance of soil.

Study Questions
1.  What is soil?
2. What are some reasons for studying soil?
3.. How are soils different?
4. What are career opportunities in soil science?
References
1. Minor, Paul. Soil Science: Evaluation, Interpretation, and Management of Soil, (Student
Reference). University of Missouri-Columbia: Instructional Materials Laboratory, 1995. Chapter 1.
2. Donahue, Roy L., and Follett, Roy Hunter. Our Soils and Their Management, Danville, IL:
Interstate Publishers, Inc., 1990.
3. Plaster, J. Edward. Soil Science & Management, 2nd ed. Albany, NY: Delmar Publishers, Inc.,
1992.
4, Transparency Masters
7a) ™ 1.1: Soil Definition
5. Activity Sheet

a) AS1.1: Making Soil Artificially
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UNIT - SOILS

Lesson 1: Importance of Soil

TEACHING PROCEDURES

A.

Introduction

Give an overview of this unit and how it relates to other courses. Introduce this chapter on the
importance of soil.

Motivation

1.

Ask students how soil is important to them. Have students bring small samples of soil from their
yards and identify similarities and differences. Have students list what they think makes up their
soil.

2. Use an actual growing plant to demonstrate the importance of soil and how it affects the growth
of the plant. Have the students explain the interdependence of the plant and soil.
a) What does the soil do for the plant?
b) What does the plant do for the soil?

Assignment

Supervised Study

Discussion

1.

Discuss what soil is. Soil has different meanings for different people. Ask students to give their
own definition of soil. TM 1.1.

What is soil?

a) Soil has different meanings for different people.

b) To the farmer, soil is a medium in which crops grow.

c) To the engineer, soil is a building material which supports foundations, roads, or airport
runways.

d) The public, in most cases, just takes the soil for granted. Itis just "dirt."

e) To the soil scientist, soil is a living, naturally occurring dynamic system at the interface of
air and rock.

f)  Soil covers the earth in a very thin layer and supports plants and supplies them with air,
water, and nutrients.

g) Soils form in response to forces of climate and organisms that act on parent material in a
specific landscape over a period of time.

Discuss the importance of soil and how it affects people. Discuss human dependence on the soil.
Contrast plant life with human life. Humans cannot manufacture their own food from the four
primary resources of soil, air, water, and sunlight. Human life depends completely on green
plants that take nutrients and water from soil and combine them with air and sunshine to provide
a foods supply.



What are some reasons for studying soil?

a)
b)
c)

d)

e)

Soil is an essential natural resource that needs to be used properly and protected.

A study of soil will increase understanding of how this resource supports life.

Soil is composed of layers or horizons that are described in terms of their properties. If soils
are managed properly, they will continue to support people for many generations to come.
People depend on soil: It is expected to produce crops, support buildings and highways,
grow trees for forests, provide places for recreation and wildlife habitats, and be a safe place
for disposal of wastes.

Missouri has nearly 1,000 different soil types. It is necessary to study the soil before
beginning construction or planting a crop so that its hazards and limitations are known.

Use actual soil samples and discuss the physical characteristics of each. (Caution - Do not go
into a lot of detail at this time. This chapter is an introduction and should provide an overview,
rather than an in-depth analysis of soil properties.)

How are soils different?

a)

b)

c)

Missouri alone has nearly 1,000 different soil types, ranging from deep to shallow, clayey
to sandy, wet to dry, and level to very steep.

Some of the differences in soils are so slight (like small differences in the thickness, percent
of organic matter of the surface layer, or the amount of clay in the subsoil) that it is hard to
tell them apart except under close examination.

Some of the differences are significant, such as the difference between a shallow soil that
is 10 inches deep compared to one that is over 72 inches deep, or a soil containing 25
percent clay compared to a soil containing 60 percent clay.

Discuss the careers that are available in soil and crop management.

What are career opportunities in soil science?

a) Agricultural production

1)  Farm manager

2)  Land specialists for banks

3)  Technical representatives for fertilizer firms
b) Natural resources

1)  Soil scientist in public service agencies

2)  Technician for recreational industries
c) Environmental science

1)  Government agent

2) Private consultant for waste management and water quality issues

Other Activities

Invite a guest speaker from a soil science area.

Ask the students to list the ways in which soils affect the quality of their lives.

Take a field trip to observe different soils.

Bring in soil samples for examination.



Conclusion

All life depends on soil; therefore, it is important for people to study the soil so they can learn how to
protect it for the future.

Competency

Explain the importance of soil.

Related Missouri Core Competencies and Key Skills: None

Answers to Evaluation: (Answers may vary.)

1. Soil is a living, naturally occurring dynamic system at the interface of air and rock.

2. Soil is an essential natural resource. A study of soil will increase an understanding of its proper
use and protection, how soil supports life, what soil is made of, proper management of the soil,
and how soils are different.

3. Some of the differences in soils are slight, like small differences in thickness, the percent of
organic matter of the surface layer, or the amount of clay in the subsoil. Other differences are
significant, such as the difference between a shallow soil that is 10 inches to bedrock compared
to one that is over 72 inches to bedrock, or a soil containing 25 percent clay compared to a soil
containing 60 percent clay.

4. a) Farm managers

Land specialists for banks
Technical representatives
Government jobs
Private institutions

b) Public service agency job
Recreational industries

c) Government agency jobs
Private consulting jobs

5. Soil supports life. Knowing that, people must study the soil so that they can learn how to protect
it for future use.

Answers to Activity Sheet
AS 1.1
1. The rocks break or crack as they contract after their expansion by heating.

2. The bubbles are carbon dioxide gas made from carbon and oxygen released from the limestone
by a chemical change in the rock caused by the acid in the vinegar.

3. Freezing water expands with tremendous force. Water finds its way into the cracks in the rocks
freezes and breaks the rock into smaller and smaller pieces.






UNIT - SOILS Name

Lesson 1: Importance of Soil Date

EVALUATION

Fill in the blank with the correct answer.

1.

What is soil?

Why should we study soil?

How are soils different?

There are many career opportunities in soil science. List two careers in each of the following:

a. Agricultural production

b. Natural resources

c. Environmental science

Why is soil important?







Soil Definition

Soil is a living, naturally occurring dynamic system at
the interface of air and rock. Soil forms in response to
forces of climate and organisms that act on parent
material in a specific landscape (topography) over a
period of time.

™ 1.1






AS 1.1

UNIT - SOILS NAME:

Lesson 1: Importance of Soil
Making Soil Artificially
Objective: Students can show how some of the forces of nature break rocks into soil material.
Activity Length: 2 class periods
Materials and Equipment:

Experiment One: Two pieces of limestone or fine sandstone rock. (If you do not have natural stone, pieces
of building rocks or concrete will do.)

Experiment Two: Six pieces of small limestone rock, hot plate, pint of ice water and a small pan.
Experiment Three: Small glass jar with cap, water to fill glass jar and refrigerator with freezing compartment.
Experiment Four: Six small pieces of limestone rock, vinegar (one pint), glass container and hot plate.
Experiment One Procedure:

1. Rub two pieces of limestone or fine sandstone
together.

2. Notice how long it takes to rub off even a few
fine particles.

Conclusion: Soil is very, very slowly formed
from rocks by this same rubbing together
action.

Experiment Two Procedure: (To be conducted by the
instructor only. Use extreme caution. Wear safety

goggles.)

1. Heat a small piece of limestone over a flame or
on a hot plate.

2. Drop the limestone rock quickly into a pan of ice
water.

3.  Rock should break or crack as it contracts after
expansion by heating.

Conclusion: Changes in temperature help
make rock into soil by the heating and
cooling conditions found in nature.

Expansion and contraction chips off
particles of rock just as was noted when the
hot limestone rock was dropped into icy
water.

11




Experiment Three Procedure:

1.

Fill a small discarded glass jar with water and
cap it tightly.

Place the jar in the freezer compartment of a
refrigerator and allow to freeze.

What happened to the jar?

Conclusion: Freezing water expands with
tremendous force. Water finds its way into
cracks in a rock and freezes. Expansion by
freezing water causes the rock to crack or
break and continues the process of turning
rocks into smaller and smaller pieces.

Experiment Four Procedure: (To be conducted by
the instructor only. Use extreme caution. Wear safety

goggles.)

1.

Place limestone rocks in a tempered glass
container.

Fill glass container about half full of vinegar.

Heat the vinegar on a hot plate and notice how
bubbles form on the pieces of limestone.

Conclusion: Bubbles are carbon dioxide gas
made from carbon and oxygen being
released from the limestone by a chemical
change in the rock. This chemical change is
caused by the acid in the vinegar. By putting
limestone into the vinegar, you are
duplicating in a small way what plants do in
breaking down rocks.

Carbon dioxide gas released from the plants
dissolves in soil moisture creating a weak
carbonic acid. This carbonic acid act upon
the rocks in a similar way to the vinegar only
at a much, much slower manner.

12




AS 1.1 continued

NAME:

UNIT - SOILS
Lesson 1: Importance of Soil

Making Soil Artificially

Key Questions:

1. Explain what action takes place when limestone rocks are heated and dropped into ice water.

2. What chemical reaction takes place when limestone rock is place in vinegar.

3.  Explain how freezing and thawing break up large rocks.

13







UNIT - SOILS

Lesson 2: Soil Formation
Objective: The student will be able to describe how soils are formed.
Study Questions
1. How do climate, organisms, parent materials, topography, and time affect soil formation?
2. How do the soil-forming processes affect soil development? |
3. How do the soil-forming processes work together to form soil?
4. Why are soils different?
References
1s Minor, Paul. Soil Science: Evaluation, Interpretation, and Management of Soil, (Student
Reference). University of Missouri-Columbia: Instructional Materials Laboratory, 1995. Chapter 2.
2. Donahue, Roy L., and Follett, Roy Hunter. Our Soils and Their Management. Danville, IL:
Interstate Publishers, Inc. 1990.
3. Plaster, J. Edward. Soil Science & Management, 2nd ed. Albany, NY: Delmar Publishers, Inc.,
1992.
4. Transparency Masters
a) TM21: How Climate Affects Development of Organic Matter
by TM2.2: Why Soils Are Different
5. Activity Sheet

a) AS2.1: Life in the Soil

15






UNIT - SOILS

Lesson 2: Soil Formation

TEACHING PROCEDURES
A. Review

Ask students to review their comparison of soil samples from the previous lesson.
B. Motivation

After reviewing similarities and differences in their soils from home, have the students list what forces
might have influenced the formation of their particular soil. Let the students know that although time is
an important factor in soil formation, the “age” of a soil is usually measured in development, not in years.

C. Assignment
D. Supervised Study
E. Discussion

1.  Discuss how the five soil-forming factors influence soil formation. Discuss the difference between
active and passive factors. Of the five soil-forming factors, climate and organisms are active
factors. They are catalysts that cause soil to form. The other three factors, parent material,
topography, and time, are passive factors. They respond to the forces exerted by climate and
organisms. All five factors are closely interrelated and few generalizations can be made about the
effect of any factor unless conditions are specified for the other four factors.

How do climate, organisms, parent materials, topography, and time affect soil formation? -

a) Climate (Referto TM 2.1.)
1)  Temperature
(a) Rate of chemical activity
(b)  Type of vegetation and biological activity
2) Rainfall
(a) Leaching
(b) Movement of clay particles
b)  Organisms (Refer to Figure 2.1 in Student Reference.)
1) Macroorganisms--living and dead
(@)  Source of all organic matter
(b) Include large plants and animals
(c) Plants being the largest contributor of organic matter
(d) Large trees
(1) Decay slowly
(2) Break up soil and leave channels
(e) Soil animals
(1)  Contribute organic matter
(2) Mix the soil and leave channels

17




d)

e)

2) Microorganisms (microbes)
(@) Microscopic plants and animals
(b)  Primary decomposers of organic material
() Humus, produced by microbes, acts as glue for soil aggregates
(d)  Without microbes, inert soil
3) Finely divided nonliving material
(a) Humus
(1)  Amorphous (formless)
(2) Dark brown or black
Parent material
1)  Original geologic material
2) Passive
3) Residuum--formed in place from bedrock
4) Transported--deposits of sediments
(a) Colluvium

(b)  Alluvium

(c) Loes

(d) Glacial till
Topography

1)  Relief or landscape _

2) Influences soil formation--drainage, runoff, erosion, sunlight, and wind
Time

1) “Young” soils more closely resemble their parent materials.

2)  Some parent materials weather faster than others.

3) Climates may change with the passage of time.

Discuss the four major processes that change parent material into life-sustaining soil. These
processes are a result of catalytic influences of the active factors (organisms and climate).

How do the soil-forming processes affect soil development?

a)

b)

Additions
1) Organic matter gives black or dark brown color to the surface layer.
2)  Rainfall adds nitrogen.
3)  Acid rain may change the rate soil processes.
4) Flooding adds new sediment.
Losses
1) Leaching
(a) Free lime or salts
(b) Fertilizers (especially nitrogen)
2)  Slowly dissolving minerals--Residual effects of weathering
3) Gases
(a) Oxygen from organic decay
(b)  Water vapor from organic decay
(¢) Nitrogen changed to gas by wetness
4)  Solids (mineral and organic)--Solids lost by erosion is the most serious loss.
Translocations
1) Movement of particles from the surface soil to subsoil
2)  Caused by water
(@) This movement carries clay particles.
(b)  Incomplete leaching leaves mineral deposits.

18



d)  Transformations |
1) Changes that take place within the soil
(a) Microorganisms
(b) Chemical weathering
2) Changes of elements
(a) Reduction of iron oxide
(b)  Mottling caused by repeated cycles of wetting and drying

Obtain samples of common soil-forming rocks and minerals. Discuss what processes must happen
to change these parent materials to soil. Discuss how the different layers in a soil profile might
have been formed.

How do the soil-forming processes work together to form soil?

a) Climate acts immediately.

b) Physical weathering decreases size of parent material.
c) Weathering changes minerals.

d) Leaching removes salts and limes.

e) Plants add organic matter.

f) Biological activity increases (humus is formed).

o)) Increased porosity allows more leaching and weathering.
h) Chemical weathering and leaching continue to change and remove minerals.
i) More horizons develop beneath the surface.

)] The soil becomes more acid.

k) Clay minerals begin to form.

1) Clay is translocated and clay films become visible.

m)  Rate of water movement through the soil decreases.

n)  Weathering continues, but leaching is not as rapid.

0) Changes continue at a very slow rate.

Observe differences in Missouri soil. Discuss why soils are different. Discuss what might have
caused the differences. Refer to TM 2.2. Discuss how these causes may have interacted.

Why are soils different?

a) Factors are closely interrelated in the effects on soil. Five factors interact with each other
and the four major soil forming processes.

b) Process are also closely interrelated in the effects on soil. Four major soil-forming processes
interact with each other and the five factors.

F. Other Activities

1.

2.

Take a field trip and study the history of local soils to see how different soils are formed.

Demonstrate the effects of heat in the soil-forming process. Explain what will be done and ask
students for predictions. Heat a rock and drop it into ice water. Observe the results. Draw
conclusions. USE EXTREME CAUTION.

Demonstrate the effects of cold in the soil-forming process. Explain what will be done and ask

students for predictions. Put wet clay in a jar or plastic bag so it is full and is a tight fit. Freeze.
Observe results. Draw conclusions.
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4. Demonstrate the effects of wetting and dry

ng in the soil-forming process. Explain what will be done

and ask students for predictions. Take a moist clod of clay. Cut it square. Put 2 pins in it and

measure the distance between them. Put
the oven and measure the distance betw
conclusions.

Conclusions

The active factors of soil formation (climate an
material, topography, and time) are so clos

the clay (with the pins) in the oven to dry. Take out it of
een the pins. Compare the two measurements. Draw

d organisms), together with the passive factors (parent
ely interrelated in their effects on the soil that few

generalizations can be made unless conditions are known for all of them. The soil-forming processes
(additions, losses, translocations, and transformations) may add further variability.

Competency

Describe how soils are formed.
Related Misscuri Core Competencies and Key
Science 9B-1:  Describe the roles of organis

Answers to the Evaluation

2OXNOO A ON

e
—@T—® a0 0T

Answers to Activity Sheet
AS 2.1
1. To be determined by the student.

2. Yes

Skills

ms in the formation of topsoil.

3. Earthworms feed on fresh organic matter, making the nutrients available to plants. Earthworms

bring soil from lower levels to the surface,
internal drainage of the soil.

thus mixing the soil. Earthworms improve aeration and
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UNIT - SOILS

Lesson 2:

Match the definition on the left with the term on th

1.

10.

Soil Formation

EVALUATION

e right.

Any microscopic animal or plant that is peneficial in

decomposing plant and animal residue.

Large plants and animals living or dead

Soil material formed in place from bedrock

One of the active factors in soil formatjon

The removal of soluble constituents from soils by

water

Solid rock that is underneath the soil

The portion of organic matter remaining after the
major part of plant and animal residues have

decomposed

Plant and animal residues at various stages of

decomposition

The original geologic material tha
changed into the soil

has been

The best known animal conditioners of the soil

Name

Date

Bedrock
Microorganism
Residuum
Climate
Macroorganism
Leaching
Parent material
Organic matter
Humus

Earthworms






How Climate Affe
of Organi

cts Development
¢ Matter

Cooler

~ | Temperature,
More

Organic

| Matter

More Rainfall,
More Organic Matter

™ 2.1
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UNIT - SOILS

Lesson 2: Soil Formation

Objective:
Activity Length:
Materials and Equipment:
Three large buckets

Measuring tape

Shovel

Six to eight small bottles with lids

A small magnifying glass
Small hand spade

Procedure:

1.

AS 2.1

Name

Life in the Soil

2 periods

Measure off an area one-foot square and colleci
following places.

a. Ungrazed woodland
b. Pasture

c. Cultivated field

As you remove the soil, watch for burrows of wor

Carefully place the soil sample in the three conta

Examine the samples, either indoors or outdoors

Students carefully examine the three soil samples for living creatures.

the soil to a depth of three inches from each of the

ms and other animals.

ners.

Pour out the samples on separate sheets of white paper.

Carefully sort the soil, watching closely for small liv

ing things. One-foot squares of %-inch hardware cloth

or window screen will be helpful in making this examination.

Place the different kinds of animal life in the separate bottles.




8. Observe the three soil samples and count the apimal life belonging to each of the following groups.

Soil Sample | Soil Sample | Soil Sample
Table 1.1 #1 #2 #3

Worms  (such as earthworms having no
legs)

Grubs (any wormlike animal with legs)

Snails (without shells are called slugs)

Insects  (hard-shelled, soft bodied, or
winged)

Spiders, mites, ticks (animals with four
pairs of legs)

Animals with more than four pairs of legs

Others  (any animal not falling into one of
the above groups)

Key Questions:

1. Which soil sample has the most small animal life?

2. Does the amount of animal life and the burrows the animals make appear to have any relation to the
looseness of the soil?

3 What value are earthworms to the soil?

Adapted from: U.S. Department of Agriculture-Soil Conservation Service
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UNIT - SOILS

Lesson 3: Soil Color
Objective: The student will be able to explain the importance of soil color.
Study Questions
1.  What is the importance of soil color?
2. How is matrix color of soil identified?
3. How does organic matter affect soil color?
4.  What other factors affect soil color?
5.  What is soil mottling?
6. What causes soil mottling to occur?
7. How are mottles identified?
8. What does a Munsell color notation indicate?
References |
1. Minor, Paul. Soil Science: Evaluation, |[nterpretation, and Management of Soil, (Student
Reference).  University of Missouri-Columbia: Instructional Materials Laboratory, 1995.
Chapter 3.
2. Donahue, Roy L., and Follett, Roy Hunter. Our Soils and Their Management, Danville, IL:
Interstate Publishers, Inc. 1990.
3. Plaster, J. Edward. Soil Science & Management. 2nd ed. Albany, NY: Delmar Publishers, Inc.,
1992.
4, Munsell color charts, available in sets or individual pages from Forestry Supply, Inc., 205 West

Ranken Street, P.O. Box 8397, Jackson, MS 39284. The three Munsell color charts recommended
most often are the 10YR, 7.5YR, and 5YR. Three additional charts are used periodically: 5Y, 2.5Y,
and 2.5YR.
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UNIT - SOILS

Lesson 3:

TEACHING PROCEDURES

A.

Soil Color

Review

In Lesson 2, the factors and processes that affect s
how these and other factors affect soil color.

Motivation

vil formation were discussed. This lesson will discuss

Show the Munsell color chart. Examine again the samples from home. Have the students predict what

the different colors in their samples might mean.
Assignment
Supervised Study

Discussion

1. Discuss the importance of soil color. Ask the students if color affects soil or is an indicator of soil

condition and composition.

What is the importance of soil color?
a) Color is one of the most noticeable pr
K Organic matter content

Wetness
Air-water relations

1)
2)
3)

2. Discuss how the matrix color of soil is identifi¢
Remind students that soil color is identified
light available. Use freshly exposed sample

How is the matrix color of soil identified?

a) Main body of soil

b) Dominant color of the horizon
1) Moist soil
2) Brightest lighting

c) Grouped in four broad classes
1) Dark brown, very dark brown, b
2) Light brown, brown, yellowish b
3) Red, reddish brown
4) Dark gray, light gray, white

pperties.

Color gives clues about the nature of the root zone.

od. Refer to the color plates in the student reference.
using moist (not wet) soil and studied in the brightest
S.

lack
rown




Discuss the importance of organic matter.
organic matter in the soil?

s color an indicator we use to determine the amount of

How does organic matter affect soil color?

a) Humus (organic residue) coats soil particles.

b) Causes dark color

c) Dark color increases as humus increases

d)  Typical of A horizons
e) Breaks down slower in wet soils

Discuss what other factors might affect the
dominant soil color in your area.

What other factors affect soil color?

a)  Wetness
b)  Aeration--Iron oxide coatings
c)  Weathering
1) Leached
2)  Acidic
d) Mineral color--Naturally gray

Discuss what soil mottling is. Discuss the
What is soil mottling?

a) Splotches of soil colored differently
b) Reddish-brown splotches in a gray
c) Gray splotches in a brown matrix

Discuss what causes soil mottling.
What causes soil mottling to occur?

a)  Seasonal high water tables in lands
1)  High water table
(a) Blocks air circulation
(b) Removes iron oxide co
2) Low water table
(a)  Allows air circulation
(b) Develops iron oxide co
b)  Chemical weathering
1) Minerals change color
2) © Rocks fragment
c) Coatings on soil aggregates
1) Not considered a soil mottle.
2) Usually dark in color
(a) Organic coatings
(o) Clay coatings
(¢) Moisture films

color of soil. Ask students what they believe causes the

color plates in the student manual.
than the dominant matrix color

matrix

capes that restrict water movement (drainage mottles)

atings (gray mottle)

atings (yellowish-brown mottle)
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8. Show the students a Munsell color chart in {

. Conclusion

in the student reference as a guide.
How are mottles identified?

a) Abundance
1)  Few -- less than 2% of exposed

7. Discuss how mottles are identified. Discuss the four properties of mottle patterns. Use Figure 3.1

surface

2)  Common -- 2 to 20% of exposed surface
3)  Many -- more than 20% of exposed surface

b)  Size
1) Fine -- diameter less than 5 mm
2) Medium -- diameter 5 to 15 mm

3) Coarse -- diameter more than 15 mm

c) Contrast

1) Faint -- evident only on close examination
2) Distinct -- readily seen though not striking

3) Prominent -- conspicuous
d) Color

1) Dark brown, very dark brown, black
2) Light brown, brown, yellowish brown (common mottle color)

3) Red, reddish brown (common m
4)  Dark gray, light gray, white (com

ottle color)
mon mottle color)

he classroom. The Munsell Color Company makes

small color chips for each combination of variables. Use the example 10YR 4/6 listed in the student

reference to discuss what this Munsell color

notation indicates for this particular soil.

What does a Munsell color notation indicate?

a) Hue (color) indicated by first number g
b)  Value (light to dark) indicated by fract

nd letter--Initials of color name
on numerator--Scale of 0 (black) to 10 (white)

c) Chroma (brightness or purity) indicated by denominator--Scale of 1 (dull) to 8 (bright)

Other Activities

Using the Munsell color chips, examine your local soil for all of the color factors in this lesson.

Soil color is one of the most noticeable of soil prg
nature of the root zone. Soil mottling gives clues
samples should always be evaluated using moist §
Competency

Explain the importance of soil color.

Related Missouri Core Competencies and Key Sk

perties. Soil matrix color also gives clues about the
as to seasonal high water tables. To be consistent,
oil in the brightest available light.

lls: None



Answers to Evaluation

ONOGAON S
~TO0O0Q@ QT W

Soil can be grouped into four broad classes:

9. Dark brown, very dark brown, black
10. Light brown, brown, yellowish brown
11. Red, reddish brown

12. Dark gray, light gray, white
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UNIT - SOILS

Lesson 3:

Match the definition on the left with the term on th

1.

2,

List the four broad classes of soil color.

9.

Soil Color

EVALU

The main body of soil
The purity or strength of a color
Actual color of a soil

Splotches of colored soil in a matrix
color

ATION

e right.

of different

Material of plant or animal origin that decays in the

soil to form humus
Causes the dark color typical of A hori
A system used to identify soil color

The lightness of intensity of color

ZoNns

Name

Date

a. Matrix

b. Chroma

C. Organic matter

d. Hue

e. Humus

f. Value

g. Mottles .

h. Munsell color system

10.

11.

12.







UNIT - SOILS

Lesson 4: Soil Texture
Objective: The student will be able to explain the importance of soil texture.
Study Questions
1.  What is soil texture?
2.  What are the three major separates in firje earth?
3. What are the different soil textures and how are they determined?
4. What are rock fragments and how are they identified?
5. What is pore space?
6. What is the importance of pore space?
7. What is the relationship between texture and pore space?
8. What other factors are affected by soil texture?
References
1. Minor, Paul. Soil Science: Evaluation, |Interpretation, and Management of Soil, (Student
Reference). University of Missouri-Columbig: Instructional Materials Laboratory, 1995. Chapter 4.
2. Donahue, Roy L., and Follett, Roy Hunter. Our Soils and Their Management, Danville, IL:
Interstate Publishers, Inc. 1990.
3. Plaster, J. Edward. Soil Science & Management. 2nd ed. Albany, NY: Delmar Publishers, Inc.,
1992.
4, Transparency Masters
a) TM4.1: Relative Sizes of Sand, $ilt, and Clay
b) TM4.2: Textural Triangle
c) T™ 4.3: The Soil Triangle
d TM4.4: Flowchart for Estimating Textural Class
5. Activity Sheet

a) AS4.1: Are All Particles the Same Size?







UNIT - SOILS

Lesson 4:

TEACHING PROCEDURES

A.

Review

In Lesson 3, color, the most noticeable of soil
discussion of texture, which is the major influence

Motivation
lllustrate how texture influences the workability of
Assignment
Supervised Study
Discussion

1.

Soil Texture

Have students assist you in doing a demons
to determine how easily the soil can be mo

What is soil texture?

a) Refers to the percentage by weight g
b) A balanced mixture is called loam.
c) Texture affects soil behavior.

d)  Texture classifications also refer to tl

Show TM 4.1 to the students. Have the stug
pouring water over a pile of marbles. Most g
surface of the marbles are the only water
marbles. Using the rule about particle size
marbles because it has more surface area.

properties, was discussed. This lesson will include
> on soil behavior.

soil. Compare working clay and sandy soil.

stration on soil texture. Perform the ribbon or feel test

ded. Referto TM 4.4.

f sand, silt, and clay in a soil.

e presence of gravel or cobblestones.

lents demonstrate the surface area of soil particles by
f the water runs quickly away. Droplets clinging to the
retained in the pile, since water cannot soak into the
a pile of small beads holds more water than a pile of

What are the three major separates in fine earth?

a) Sand
1) Particles are large and can be

seen with the naked eye.

(a) Range in size from .05 mmto 2 mm

(b) Feels gritty

(c) Wil not stick together when wet

(d) Low capacity for holding
b)  Silt
1) Particles are smaller than sand
(a) Range in size from .002
(b) Feels smooth (like flour
(c) Not sticky
(d) Holds large amounts of

moisture and storing nutrients

and cannot be seen without a hand lens or microscope.
mm to .05 mm

or-corn starch)

vater in a form plants can use




c) Clay
1)
2)
3)
4)

Particles are very small and flat and can be seen only with high-powered microscopes.
Less than .002 mm in size

High water holding capacity
Feels sticky; can be molded into ribbons or wires

3. Discuss the fact that all soil contains a mixture of the three major separates of sand, silt, and clay.
Show the students TM 4.2; explain that loam is a balanced mixture of the three separates. Discuss
how soil texture can be thought of in terms pf one of nine steps from this balanced mixture. Using
the soil samples, have the students feel angd discuss the soil texture of each sample. Refer to ™

4.3.

What are the different soil textures and how are they determined?

a)  Textural names give clues as to the soil's combinations of the three major separates (sand,
silt, and clay), as well as clues to its|position on a soils triangle.

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)

Sand

Loamy sand
Sandy loam
Sandy clay loam
Clay loam

LLoam - contains all three sep
Silt

Silt loam

Silty clay loam
Clay

Sandy clay

Silty clay

rates though slightly less clay

b) Laboratory analysis shows exact percentages of sand, silt, and clay--Mark points on the soil
triangle corresponding with the percentage of at least two soil separates.
c) Field estimates are determined by working the soil between the thumb and fingers to

estimate the amounts of sand, silt,

nd clay by the feel and behavior of the soil.

1)  First estimate the percentage|of sand by noting grittiness.
(@) More than 50% sand: Textural name contains the word sand.
(b) Less than 20% sand: Textural name usually contains the word silt.

2)  Next estimate the percentage of clay by the length of ribbon formed.
(a) More than 40% clay: Name usually contains only the word clay.
(b) Between 27% and 40% clay: Name contains both the words clay and loam.
(c) Below 27% clay: Textural name doesn't contain the word clay.
(d)  Assume the rest of the content is silt.

4, Discuss rock fragments found in local soils.

What are rock fragments and how are they identified?

a) Rock fragments include all fragments larger than 2 mm.

1)
2)
3)

5)

Gravel - rounded rock fragments with a diameter between 2 mm and 7.5 cm (3 inches)
Cobbles - rounded or partly rounded with diameters from 3 inches to 10 inches
Channer - more flat than round with diameters from 2 mm to 13 cm (6 inches) in length
Flagstones - more flat than roind with diameters from 6 inches to 15 inches in length
Stones and boulders - round fragments more that 10 inches in diameter and flat
fragments larger than 15 inches, considered a site characteristic (See Lesson 11.)
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b)

Discuss how soil texture affects the distribu

What is pore space?

a)
b)
c)
d)

How does pore space (soil porosity) influeng
it relates to root penetration.

What is the importance of pore space?

a)

Discuss why it is important to have good bal

What is the relationship between texture

a)
b)
c)

d)

Discuss physical properties and how they g

What other factors are affected by soil t

a)

b)

Textural names based on fine earth m

gravel, cobbles, channer, or flagstone.
Modifier names depend on the volume of the soil mass occupied by rock fragments.

Figure 4.2 of student reference.)

ust be modified if soil contains a significant amount of

(See

1)  The percentage of rock fragments by volume is estimated to be equal to the

percentage of rock fragments g

n the surface of a vertical soil profile.

2)  If a soil contains both gravel and cobbles, at least 60% of the rock fragments must be

gravel to use the term gravelly.

3) Use the term cobbly if more than 40% of the rock fragments are cobbles.

4)"  Use the same calculations for ¢

Pore space is the space between the

Pore space contains either air or water.

The A horizon contains about equal g
The B and C horizons usually contair
particles.

Pore space influences the behavior o
1)  Infiltration

2)  Percolation

3)  Available water capacity

4) Aeration

Sandy soil has the largest pore spa
droughty.

Clayey soil holds too much water in a {
does not allow air flow.

A balanced soil texture will have a ba
the best soil properties for maximum

Excessive tillage reduces pore space.

hanners or flagstones.

tion of pore space.

soil particles.
mounts of solids and pore space.

more than one-half pore space because of finer soil

se water retention in the soil? Discuss pore space as

f soil for maximum plant growth.

ance of particle sizes to incur maximum plant growth.
and pore space?

ces but cannot hold water as it passes, leaving soil
hin film of hygroscopic water unavailable to plants and
anced mixture of large and small pores that will have
plant growth.

ffect soil texture.

xture?

Soil texture affects the shrink-swell potential of a soil. It affects how buildings and highways
are designed to prevent damage from cracking.

Content of rock fragments affects
buildings, and earthen dams.

he load-bearing capacity for construction of roads,




c) Soil texture affects soil behavior concerning water.
1) Functioning of septic tank filter fields and sewage lagoons
2) Affects the available water capacity
3) Leaching of pesticides
d) Soil texture affects the tillage of crops.

F. Other Activities
1. Mix silt, sand, and clay particles together. Fill a jar half full from the mixture. Add water, cover with

the lid and shake vigorously. Set aside and allow the particles to settle out for one day. Record

how the different particles sizes separated.

2. Each student is asked to bring in a soil slmple. Have each student estimate soil texture by feel.
Have students trade soil samples for more practice.

G. Conclusion
Soil texture is the percentage by weight of sand, silt, and clay. Soil texture is important to the aspects of
soil behavior. Texture affects the amount of water a soil will hold, the rate of water movement through
the soil, and the ease of root development. Texture also determines the porosity of a soil, shrink-swell
potential, and the bearing capacity for roads, buildings and dams.

Soil texture can be determined by laboratory analysis or by field estimate (working the soil between the
thumb and fingers.) Textural class names (based on fine earth) are determined using textural triangle and
are modified if the soil contains a significant ampunt of rock fragments.

H. Competency
Explain the importance of soil texture.
Related Missouri Core Competencies and Key Skills:

Science 101-1:  Observe samples of various $oil types and indicate differences and similarities.

I.  Answers to the Evaluation

1. b 7. g

2. f 8. e

3. h 9. c

4. 10. a

5. d 11. Loam
6. i
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J. Answers to Activity Sheet
1. The sample with the most silt.

2. The sample with a favorable proportion of sand, silt, and clay.







UNIT - SOILS

Lesson 4:

Soil Texture

EVALUATION

Match the definition on the left with the term on the right.

1.

10.

11.

Use the soil triangle to determine the correct
name for the texture of a soil sample that is
40% sand, 15% clay, and 45% silt.

The soil is a

Relative percentages of sand, silt, and clay in the
soil

Inability of a soil to store enough water to meet
plant requirements

The total amount of pore space in a soil

Portion of soil not occupied by solid material but
which is filled with water or air

Largest of the soil separates, between 0.05 and
2.00 mm in diameter

Medium-sized soil separate, particles between 0.05
and 0.002 mm in diameter

The class of smallest soil particles, smaller than
0.002 mm in diameter

Individual particles that are larger than 2 mm in
diameter

A coarse fragment, or piece of rock in the soil,
which is between 3 and 10 inches in size

All particles smaller than 2 mm in diameter

100% CLAY

Fine earth
Texture
Cobblestone
Sand

Coarse fragment
Droughty

Clay

Porosity

Silt

Pore space

Clay Loam \Smy Clay 0

Loam
o
Slit Loam
£
sht
I

(=] ’D “o

A
il
o\o

45

percent sand

S
2
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T™ 4.1

Relative Sizes of Sand, Silt, and Clay
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Clay Silt
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T™M4.2

Textural Triangle

100% CLAY

Clay
Clay Loam Siity Clay 0
Sandy Loam

Clay Loam /

Loam Silt Loam
Sandy Loam
Siit
2 I e Y §
°, ° ° o % % o % Ww © %
0, =g o\
)
percent sand 0
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The Soil Triangle
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Name:

Date;

Soil Triangle Texture Quiz

(10 points)
% Sand % Silt % Clay Soil Texture

1 55 26 19
2 32 12 56
3 12 58 30
4 28 55 17
5 6 40 54
6 36 48 16
7 86 4 10
8 96 3 1

9 33 33 34
1 27 60 13







TM4.4
Flowchart for Estimating Textural Class

Place a small amount of soil in palm. Add water dropwise
and knead the soil to break down all aggregates. Soil is at
the proper consistency when plastic and moldable, like

moist putty.

A A

Does soil remain in a ball
when squeezed?

Add dry soil to
soak up water

Is soil too dry? NO Is soil too wet? NO

<27% clay
> 45% sand

Place ball of soil between thumb and forefinger gently

pushing the soil with the thumb, squeezing it upward info a

ribbon. Form a ribbon of uniform thickness and width. Allow

the ribbon to emerge and extend over the forefinger,
breaking from its own weight.

Loamy
Sand

< 27% clay
> 45% sand

NO Does soil form a ribbon?

Does soil make a
medium ribbon 1"- 2"

(2.5 -5.0 cm) long before
breaking? .

Does soil make a strong
ribbon 2" (5 cm) or longer
before breaking?

Does soil make a weak
ribbon less than 1" (2.5
cm) long before breaking?

Excessively wet a small pinch of soil in palm and rub with forefinger

Does soil feel

Does soil feel
very gritty?

very gritty?

= Does soil feel
very gritty?

> 40% clay

27-40% clay NO - > 0% day

> 45% sand

< 27% clay
>45% sand

Does soil feel

Does soil
W8 very smooth?

formb%”s;rong YESV very smooth?

Does soil feel
very smooth?

< 27% clay 27-40% clay > 40% clay
<20% sand I < 20% sand <20% sand

Neither grittiness nor Neither grittiness nor Neither grittiness nor
smoothness smoothness smoothness
< 27% clay predominates predominates predominates
<20% sand ‘

YES YES

< 27% clay 27-40% clay >40% clay
20-45% sand 20-45% sand 20-45% sand
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AS 4.1

UNIT - SOILS
NAME:

Lesson 4: Soil Texture

Are All Soil Particles the Same Size?
Objective: To observe the amount of sand, silt, and clay in three soil samples.
Activity Length: 2 class periods
Materials and Equipment:
Three quart jars with lids
Soil samples
Water
Paper and pencil or markers

Procedure:

1.  Obtain three soil samples from different
locations.

2. Fill three quart jars about two-thirds full of water.
-
3. Place one soil sample in each jar; place lid on E-———" Soll tWﬂRf

jars and hand tighten.

4.  Shake each jar vigorously.
5. Place jars on table and let the soil settle.

6. Allow a twenty-four-hour period of time for the
soil to completely settle.

7. Place an index card or heavy stock paper beside
each jar and draw a diagram showing different
layers for each soil sample.

8. Label each layer of each sample.

9. Observe each soil sample and record the information in Table 1.1. Measure and record the
amount of sand, silt, and clay.

SOILTYPE SAMPLE #1 SAMPLE #2 SAMPLE #3

Coarse Sand
Fine Sand
Silt

Clay
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UNIT - SOILS

Lesson 4: Soil Texture

Are All Soil Particles The Same Size?

Key Questions:

1. Which samples will hold the most water?

2. What sample has the most open space between the soil particles?

56



UNIT - SOILS

Lesson 5: Soil Structure
Objebtive: The student will be able to explain the importance of soil structure.
Study Questions
1.  What is soil structure (ped)?
2. What is the importance of soil structure?
3. How are soil structures formed?
4. What are the different types of soil structural units?
5. What is the difference between structure grade and type?
6. How can soil structure be improved?
References
y Minor, Paul. Soil Science: Evaluation, Interpretation, and Management of Soil, | (Student
Reference). University of Missouri-Columbia: Instructional Materials Laboratory, 1994. Chapter 5.
2. Donahue, Roy L., and Follet, Roy Hunter. Our Soils and Their Management, Danville, IL: Interstate
Publishers, Inc., 1990.
3. Plaster, J. Edward. Soil Science & Management. 2nd ed. Albany, NY: Delmar Publishers, Inc.,
1992.
4. Transparency Master

a) TM 5.1: Types of Soil Structure
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UNIT - SOILS

Lesson 5:

Soil Structure

TEACHING PROCEDURES

A

Introduction

Review the previous lesson.

Motivation

1.

Use soil samples to demonstrate the different types of structure.

Assignment

Supervised study

Discussion

1:

Discuss how soil structure facilitates movement of water.
What is soil structure (ped)?

a) Soil structure forms when individual grains of sand, silt, and clay are bound together
physically and/or chemically into larger units called peds.

b)  Apedis a single unit of soil structure.

c) Peds range in size from 1 mm to 10 cm depending on their shape.

Discuss the soil samples on display. Which soil sample has good structure and will provide ideal
environment for plant growth?

What is the importance of soil structure?

a) Soil structure modifies some of the effects of texture on soil behavior by creating relatively
large pores. :
1) Provides for water infiltration
2) Provides for good aeration
3)  Provides for good soil tilth
4) Provides ideal environment for plant root growth
b) Soil structure can be destroyed.
1)  Over-tilling
2)  Tilling while soil is wet

Ask the students why organic matter is essential if you want to maintain good soil structure.
How are soil structures formed?

a) Weathering converts original (structureless) parent material into soil.

b) Soil is loosened and pore spaces are formed when shrinking and swelling occur.
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