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Unit 2:  Soils

Lessons:

1. Soil characteristics

2. Properties of Soils

3. Classification of Soils

4. Distribution of Soils in California

5. Soil Conservation

6. Nutrients for Plant Growth

7. Function of Nutrients in Plant Growth

Performance Standards Covered:

7.4  Soils

Students will understand soil composition and the factors which affect the use of different types of soil.
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Unit 2:  Soils

Lesson 1:  Soil Characteristics

Duration:  3 to 5 hours
Students will be able to:

1. Explain the importance of soil.

2. Describe the major components of soil

3. Explain the formation of soils in types of parent material, climate, biological factors, topography and time.

4. List common minerals found in soils.

5. Explain the formation of igneous, sedimentary, or metamorphic rocks.

Suggested Activities:

2.1A - Common Soil Forming Minerals

2.1B - Common Soil Forming Rocks
Teaching Outline:

I.  Soil characteristics 

A.  The importance of soils.

1.
Soil is a medium for plant growth.

a.
The soil anchors the roots of the plant down.

b.
The soil stores water and supplies it to the plant.

c.
The soil provides air for the roots.

d.  The soil also provides minerals for the plant

2.
Soil is also a geological substance that is used for various purposes.

a.  Roadbeds, aggregate for concrete and asphalt, the foundation for structures and is used in landfills.

3.  Soil is of the utmost importance to us because it is essential in growing food for the people of the world.  It also acts as a filtration system in the hydrologic cycle.

B.  What is a soil?

1.  Made up of mineral matter, organic matter, water and air.

2.
Mineral matter originates from parent material. 

a.  Parent material is weathered mineral and organic material that has been broken down into small particles.

3.
Organic matter comes from living or decaying organisms.  Humus is the material that is created by the decomposition of organic products by microorganisms.

a.
When organisms die they are decomposed by other organisms in the soil.

b.  Organism wastes are also decomposed and provide the soil with nutrients.

4.  Water and Air are found in the spaces between the particles of mineral and organic matter.  These spaces are called pores.

5.
A typical soil is made up of 50 percent solid material ( 45 percent mineral matter and 5 percent organic matter) and 50 percent pore space ( 25 percent water and 25 percent air).

C.
How is soil formed?

1.  There are five factors that effect soil formation, parent material, climate, living organisms, topography, and time.

2.
Parent material is typically the material from which the soil originated.  There are five categories of soil parent material.

a.
Minerals and rocks.

b.
Glacial deposits.

c.
Loess deposits.

d.
Alluvial deposits.

e.  Organic deposits.

3.
Climate affects soil formation through rain, temperature, and wind.  The climate also affects soils by determining the organic matter, the kinds of plants and animals that will inhabit the soil.

a.
Weathering is the process by which physical and chemical changes are produced in rocks and soils by temperature and precipitation.

a.
Changes in the temperature can cause the expansion of parent material as it heats up and the contraction of the material as it cools down.

b.
Precipitation can dissolve minerals that are water soluble in the parent material.  The impact of precipitation can slowly wear away the surface of parent material and as soil particles are moved by the water the particles grind together.  Precipitation also can become ice in cold temperatures.  When water turns to ice it expands.  Water that has found its way into the cracks of the parent material will force the material apart when it turns into ice.

c.
Wind can blow sand and other abrasive particles against the parent material and slowly wear away the surface of the material.

d.  Glaciers break up parent material as they move through an area and transport this material to other areas.

4.  Organisms also have an effect on soil formation.  Roots from plants can grow into cracks and openings and force apart the parent material.  Plant litter, animal wastes, and decaying animals add organic matter to the soil.

5.  Topography affects soil formation through slope.  When precipitation falls, the water runs down a hillside taking with it soil particles.  The steeper the slope, the faster the moving water and the more soil it will take with it is it moves down the hill.  Steep hills usually have very thin soils on top, while the valley at the base of the hill will have thicker soil from the runoff.

6.
The effect of parent material, climate,. living organisms, and topography are all dependent on the amount of time these process have been occurring.  The longer the amount of time the greater the impact.  Rocks will not be worn into soil particles in one day, but after years the changes caused by these forces become apparent. 

Laboratory Exercise 1A

Common Soil Forming Minerals

Duration:  1 or 2 hours

Objectives:

1. Students will be able to describe parent materials?

2. Students will be able to describe the types of parent materials?

Materials:

1. Set of known mineral samples.

2. Various unidentified samples – numbered.

3. Unglazed porcelain plate.

4. Copper penny.

5. Steel knife.

6. x 6‑ window glass ‑ or old microscope slides.

7. File.

Teaching Outline:

The inorganic solid part of soils is derived from rocks and their minerals. The student of soils should therefore be familiar with the most abundant and generally common rocks and minerals.

Most of the common rocks and soil‑form in‑ minerals can be identified without the use of a microscope.  The list included in this exercise has been kept as brief as possible, but is designed to include all of the easily recognizable minerals and rocks which enter into the mineralogical composition of soils. The many different types of rocks and minerals have led to the formation of numerous types of soils.

Common Soil‑Forming Minerals

A mineral is a naturally occurring inorganic substance having a definite composition and definite physical and chemical properties. Primary minerals ordinarily result from the cooling of molten materials.  Secondary minerals are those which result from a physical or chemical change in primary minerals.  Minerals are identified by studying such properties as:

1. cleavage ‑ the tendency of a crystallized mineral to break in certain definite directions

2. fracture ‑ form or kind of surface obtained by breaking in a direction other than that of the cleavage plane

3. color of gross specimen

4. streak ‑the color of the powder of mineral as obtained by rubbing or scratching it against an unglazed porcelain surface

5. form ‑ crystallographic form

6. chemical composition

7. hardness ‑ the resistance which a smooth surface offers to abrasion. 

The following table will explain the scale of hardness: 


	
Hardness
Mineral
Description


Number
Example

	
Soft
1
Talc

Has a greasy feel, to the fingers



2
Gypsum
Easily scratched by the finger‑nail

	
Medium
3
Calcite
Scratches finger‑nail



4
Fluorite
Scratched rather easily by a knife; scratches copper coin



5
Apatite
Rarely scratched by a knife

	
Hard
6
Orthoclase
Scratched by a file; scratches glass



7
Quartz

Barely scratched by file; scratches glass readily

	
Very Hard
8
Topaz



9
Corundum
Do not yield essential nutrients



10 
Diamond


Primary Minerals

1.
Quartz
SiO2

2.
Feldspars


a.
Orthoclase
KA1Si 3 0 8
b.
Plagioclase
(Na,Ca) A1Si3 08

3.
Micas


a.
Muscovite
H 2 KA13 (SiO 4)3

b.
Biotite
H2K (Mg, Fe)3Al (SiO 4)3
4.
Ferro‑Mags


a.
Hornblende (Amphibole) 
CaMg2 (A1,Fe )2Si3O12

b.
Augite (Pyroxene)
CaMg (Al,Fe) (SiO 3)2
5.
Apatite
Ca4 (PO 4)3 Ca (C1,F)

6.
Tourmaline
NaMg3 B3 Al3 (Al3 Si6 027 )(OH) 4
7.
Pyrite
FeS2
Secondary Minerals

1.
Iron Oxides


a.
Hematite
Fe203

b.
Limonite
2Fe203  3H20


c.
Magnetite
Fe304
2.
Gypsum
CaSO4 2H2O

3.
Dolomite
CaMg (CO3)2
4.
Serpentine
H4Mg3Si2O9
5.
Kaolinite
H4Al2Si2O9
6. 
Halite
NaCl

7.
Calcite
CaCO3
8.
Talc
H2Mg3Si4O12
9.
Sphalerite
ZnS

10.
Chalcopyrite
CuFeS2
Directions:

1.
Note the various identified specimens and prepare a chart identifying each one as to streak color, hardness, physical appearance, and nutrient elements.

2.
Test each numbered unknown and identify by name.

Questions:

1.
What other characteristics could be used in mineral identification?

2.
Why might the streak color be different from the physical color?

3.
Which of those in the chart would be most resistant to forces of wind, water, and temperature?

4.
What effect would the hardness of the parent material have on the soil which is formed?

5.
What effect would the color of the parent material have on the soil which is formed?

6.
Why are minerals important in the field of agriculture?

7.
What plant nutrient elements come from minerals?

8.
What soil minerals are the source of the following nutrient elements?

a.
P

b.
K

c.
Ca

d.
Mg

e.
S

f.
Fe

9.
Which of the above elements has the least number of mineral sources?

10.
Why are soils high in quartz usually low in plant nutrients? Further Areas of Study:

Suggestions:

1.
Test other minerals for identification.

2.
Which of these minerals might yield a sandy soil? a clay soil?

Sixteen Essential Elements
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MINERALS
	Group
	Name
	Color of Streak
	Hardness
	Physical Appearance
	Nutrient Elements Contained
	Unknown

	Oxides
	Quartz
	
	
	
	
	

	
	Hematite
	
	
	
	
	

	
	Magnetite
	
	
	
	
	

	
	Limonite,
	
	
	
	
	

	Sulfide
	Sphalerite
	
	
	
	
	

	
	Chalcopyrite
	
	
	
	
	

	
	Pyrite
	
	
	
	
	

	Carbonates
	Calcite
	
	
	
	
	

	
	Dolomite
	
	
	
	
	

	Feldspars
	Orthoclase
	
	
	
	
	

	
	Plagioclase
	
	
	
	
	

	Micas
	Muscovite
	
	
	
	
	

	
	Biotite
	
	
	
	
	

	Ferro- Mags 
	Amphibole
	
	
	
	
	

	
	Pyroxene
	
	
	
	
	

	Chloride
	Halite
	
	
	
	
	

	Sulfate
	Gypsum
	
	
	
	
	

	Phosphate
	Apatite
	
	
	
	
	

	Hydrous
	Kaolinite
	
	
	
	
	

	Silicates
	Talc
	
	
	
	
	

	
	Serpentine
	
	
	
	
	

	Silicate
	Tourmaline
	
	
	
	
	


Laboratory Exercise 1B

Common Soil Forming Rocks

Duration:  1 or 2 hours
Objective:

1. Students will be able to describe the differences between rocks and minerals.

Materials:

1.
Known rock samples.

2.
Steel knife.

Exercise Description:

How are rocks formed?  A rock may be defined as any mineral or aggregate of minerals that forms an essential part of the earth. Rocks are fundamentally classified on the basis of their origin. Thus three large divisions have been established as follows:

1.
Igneous Rocks which have been brought up frombelow in a molten condition and which owe their present structural peculiarity to variation in conditions of solidification and composition are igneous. Igneous rock has a homogeneous appearance; that is, one surface is like any other surface. There is no evidence of any stratified, banded or foliated structure, such as are easily distinguished in sedimentary or metamorphic rocks.

These are the primary rocks from which all other rocks have been directly or indirectly derived. They are accordingly treated first. Those important representatives of the various groups of igneous rocks, classified on the basis of their texture and composition, should be understood and studied for future identification of unlabelled specimens. Some of the more important members of this group are:

a.
granite
c.
gabbro
e.
diorite
g. 
obsidian

b.
basalt
d.
syenite
f.
tuff. scoria, pumice

2.
Sedimentary The sedimentary rocks may be formed from particles of igneous, metamorphic, or other sedimentary rocks, by disintegration or solution, by transportation by wind or water or ice.. and by sedimentation or precipitation. The particles are usually cemented together by CaC03, silica, or iron oxide. Some of the more important members of this group are:

a.
congolomerate
c.
shale 
e. 
dolomite (CaMg(C03)2)

b.
sandstone
d.
limestone (CaC03)

3.
Metamorphic These are the secondary rocks which may arise from either igneous or sedimentary rocks as a result of pressure, heat, or chemical action, either alone or in combination. Some of the more important are:

a.
gneiss‑(a foliated granitoid rock of igneous origin)

b.
schist‑(thinly laminated rock of felsitic igneous origin)

c.
slate‑(a fine grained rock tending to split into thin leaves)

d.
quartzite‑ (recrystalized quartz grains)

e.  marble ‑(metamorphosed limestone or dolomite)

Directions:

1..
Examine each sample and note its physical appearance, texture and hardness.

2.
Scratch each sample with a steel knife. If the rock is easily scratched it is soft; lightly marked, medium; and not affected by the knife, hard.

Questions:

1.
What agencies break down rocks and minerals?

2.
Why is sea water "salty"?

3.
What is the difference between calcic and dolomitic limestone?

4.
List several rocks which are rather resistant to weathering,

5.
List several rocks which decompose readily.

ROCKS

	Name of Rock
	Class: Igneous

Sedimentary

Metamorphic 
	Texture

Coarse

or Fine
	Name

Principal

Minerals
	Physical

Appearance 

(Color)
	Hardness

to

Knife

	Conglomerate
	
	
	
	
	

	Basalt
	
	
	
	
	

	Gneiss
	
	
	
	
	

	Granite
	
	
	
	
	

	Coral
	
	
	
	
	

	Limestone
	
	
	
	
	

	Marble
	
	
	
	
	

	Obsidian
	
	
	
	
	

	Pumice
	
	
	
	
	

	Quartzite
	
	
	
	
	

	Sandstone
	
	
	
	
	

	Schist
	
	
	
	
	

	Scoria
	
	
	
	
	

	Shale
	
	
	
	
	

	Slate
	
	
	
	
	

	Travertine
	
	
	
	
	


4002.1

