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Physical Characteristics of Soijl

In time, plants may begin to grow in this material. As these plants die, their
remains add organic material to the weathered rock, which brings bacteria,
fungi, and microscopic animals to feed on the organic material. Their physical
activities and decayed remains further alter the soil; in time, a reasonably
thick, dark-colored soil layer is formed. Rain washes dissolved minerals and
very fine particles through this layer, often forming a clay layer below it. And
over time, major geologic factors such as glaciers or floods may introduce new
layers of soil.

The bottom soil layer rests on bedrock; the point at which the soil is saturated
with water is called the water table, and its depth varies per location and
season.

Characteristics of Soil

The ability of a specific soil to support different activities depends on both the
chemical and physical aspects of its composition. Chemical features of soil
include pH, ion content, and ion-holding capacity and are determined by
factors such as the chemical nature of soil particles and bedrock. These
characteristics affect how well a particular soil can supply essential minerals to
plants and filter ions out of wastewater.

Plant roots require air and water. Just as a plant can die from lack of water, it
can die in waterlogged soil from lack of air. Soil tust retain water, allow for
easy plant root penetration, and provide physical support for the plant.

Physical features of soil such as particle size and arrangement, nature of the
soil layers, soil texture, and land slope determine how well a soil holds water,
how freely water passes through it, how easily it permits root growth, and how
readily oxygen permeates it. These physical characteristics not only profoundly
influence the ability of a soil to support plant life, but also determine its
suitability for such things as supporting materials for buildings and roads, and
hosting landfills and septic tank systems. In the exercises described below, you
will assess the physical characteristics of local soil.

Conducting the Activities

Your group will be analyzing and recording data on a single soil sample and on
isolated components of soil. After each activity, your group should share the
data on its soil sample with the rest of the class, and fill in the comprehensive
data table at the end of this section. You will discuss and analyze data from this
table to draw some conclusions about appropriate uses of soils.
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Activity 1: Soil Pit and Soil Horizons

Background

6 Student Instructions

You will observe soil layering and horizons in a soil pit and collect samples
from each soil layer for further analysis.

Soils have a layered structure, resulting from the way in which soil is formed.
Soil scientists call the layers horizons. The kinds of horizons found at any one
place are the result of the climate, biology, and geology of the region.

Soil scientists have identified major classes of soil horizons that share
characteristics and formation history, which they designate with capital letters:
A, E, B, C, and O; the bedrock horizon is designated R. There are many
maodifiers that can be applied to the major classes, according to specific site
characteristics. For example, the designation n indicates an accumulation of
sodium, f indicates frozen soil (permafrost), and p indicates plowing or another
disturbance. This system gives soil scientists a shorthand language to describe
the structure of soil at any location; you may see it on soil surveys from an
agricultural extension office.

Imagine soil being formed from bedrock: very slowly, solid bedrock is
weathered into looser material. Eventually, the top area of the now
unconsolidated mineral material will support plants, which remove nutritious
ions from the mineral material and replace them with hydrogen ions. This
replacement, together with the gradual action of water, slowly changes the
chemical composition of the mineral material. Plant growth, death, and decay
results in the deposit of organic materials near the surface of the soil. Animals,
bacteria, and fungi feed on these remains, contributing their own organic
residues to the upper regions of the soil.

In time, the surface region of the soil acquires a distinetly different
composition and appearance (darker, because of the organic material) from
the underlying material. This dark surface layer that is relatively rich in
organic matter is called an A horizon. The A horizon is the topsoil layer.
Depending on the particular environment, the soil may have a layer of
relatively whole (undecomposed) organic matter on top of the A horizon. This
is called an O horizon. In forests, it consists of leaf litter and other
decomposing plant material.

Water percolating through the A horizon rinses some components into the
underlying soil. The components that accumulate here are usually clay, some
organic matter, and oxides of iron and aluminum. This layer is the B horizon,
or subsoil. (There may be an additional light-colored horizon between A and
B; this one is called E.) Beneath the B horizon is a layer that sits on the
bedrock and contains broken-down rock. This is called the C horizon.

An analysis of soil that identifies the horizons, their thickness, and the
individual properties of each layer is called a soil profile. If your class digs or
uses a soil pit, you will mark and measure the horizons, identify them, and take
samples of each back to the lab for analysis and your own soil profile.



Procedure

Laboratory
Question

Physical Characteristics of Soil

1. If the soil pit has been dug for you, go to step 6.

2. Initial any digging equipment you brought from home with the wax
marker. Bring the tools to the dig site.

3. Dig the pit. It will work best to dig it like a trench sloping down into the
earth and then back up (although you will move more soil than if you dug
a straight-sided hole, it will be much easier to dig the trench, and more
than one person can dig at a time). Place the freshly dug soil in a pile
close to the pit so the pit can be refilled with the same soil.

4. Assign one person the responsibility of periodically measuring the depth of
the pit and informing the class of the progress. The pit should be 2-3 feet
wide and 4-5 feet deep.

5. Clear the pit of loose particles once you finish digging.

6. Locate the boundaries between soil horizons and mark them with
toothpicks. You will probably see two or three horizons.

7. Measure the thickness of each horizon.

8. Sketch the soil profile. Indicate the thickness of each layer, its color,
observations you make about texture, relative abundance of organic
matter, rocks, and any other features you notice.

9. Identify and label all the horizons. Discuss the identification with your
classmates.

10

Look at the pile of soil next to the pit. Are there any changes in color and
type of soil? Can you tell from which layers the soil in the pile came?

"11. Flag the pit site with bright orange or yellow tape to caution pedestrians.

12. Collect generous soil samples from all the layers and put the samples into
plastic bags. Label the outside of the bag with the name (letter

designation) of the horizon.

13
14

Take the collected samples back to your classroom for further study.

.

Sketch the soil profile and record your observations about its horizons in
the space provided in Table 1.

What might the color of soil indicate? Think about red soil, gray soil, dark
brown soil, and yellow scil. There is no information in this document to assist
you; use your knowledge of chemistry and soil components to think about this
question.
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Soil Pit Data
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Sketch soil profile here. Show thickness of each layer.

Table 1: Soil Horizons

Horizon type

Thickness

Soil color

Description, notes

8 Student Instructions




Activity 2: Soil Texture, Structure, and Consistence

Background

You will learn how to determine soil texture and judge the cohesive and
adhesive properties of a soil sample.

Soil texture is determined by the ratio of sand, silt, and clay in the sample.
Sand, silt, and clay are all mineral components of soil, and are defined by their
particle size. Particles with a diameter greater than 0.05 mm are considered
sand; between 0.002 mm and 0.05 mm, silt; and less than 0.002 mm, clay. (By
definition, organic matter does not contribute to soil texture.) Soil scientists
group soil into three broad classes based on texture: the sands, the clays, and
the loams (a mixture of sand, silt, and clay).

A common field-test method to determine texture is the ribbon test (see Soil
Analysis Card). In this test, a small amount of soil is moistened, formed into a
ball, then squeezed and pinched to form a ribbon. The behavior of the sample
during the test (for example, whether it forms a ball or a ribbon—and, if so,
how long a ribbon) determines its classification. You will be trying this field
method in this exercise.

Soil Structure

Primary soil particles (sand, silt, and clay} are arranged into secondary units
called peds. The shape of the peds and the way in which they aggregate in a

;soil is referred to as soil structure. Soil structure affects how easily air, water,

and plant roots move through soil. Human activity such as repeated trampling
or plowing when wet can alter it.

Soils that separate easily into rounded peds are called granular. Granular soils
have high permeability and therefore do not pack tightly. They are usually
found near the soil surface where organic matter is abundant. Granular soils
are particularly suitable for plant growth, because their structure permits air,
water, and plant roots to easily penetrate the soil. Clay and loamy soils often
have blocky peds, which are angular and somewhat irregular in shape. Their
irregularity ensures that soils composed of blocky peds contain pores that
permit passage of air and water. Soils with plate-shaped peds, which can
resemble stacked sheets of ice, are tightly packed and difficult for air and water
to penetrate. Platy soils usually have a high clay content and tend to be found
in frequently flooded areas. These soils are often called “clay-pan.” On the
other hand, sand itself is a structureless soil; the primary particles do not
aggregate but instead fall apart.

Soil Consistence

The degree to which soil resists pressure is referred to as its consistence. Farm
and construction machinery and even a herd of cattle can put a great deal of
pressure on the soil, so consistence is important when considering how land
should be managed. The terms sticky, plastic, loose, friable, soft, firm, very firm,
and hard are used to describe the consistence of the soil and how well the soil
resists effects of wind, water, and machinery.
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A. Determination of Soil Texture

Your teacher will assign your group a specific soil to test. You will be testing
this soil throughout the unit and, at the end, you will compare your soil
sample and your classmates’ soil samples. Find out as much as you can about
the site from which your soil was collected and record the information.

Put separate samples of clay, sand, and your assigned soil into cups and take
them to your work station. Fill the spray bottle with tap water. Read the
procedure on the side of the Soil Analysis Card or follow the steps below to
determine soil texture. (See the diagram of a ribbon on the right side of the
card.) Go through the procedure with the clay, sand, and soil samples.

Texture by Feel Analysis Directions

Take a handful of soil in the palm of your hand. Mist it with tap water from the
spray bottle. Soak up any excess water by adding more soil a pinch at a time.

Squeeze the sample. Does it form a ball? If no, add more water. If no again, you
have sand.

Once you have formed a ball the size of one or two large marbles, knead it
until all aggregates are broken up. Then, make a ribbon by squeezing the dirt
flat between your thumb and forefinger. At the same time, push upward with
your thumb until it forms a ribbon. The ribbon should run past your forefinger
and may be between 1 cm and 5 cm in length. Measure the ribbon and record
its length in your notes.

Use the clay sample for practice. It should form a ribbon that is at least 5 cm long
before it breaks. If you have trouble getting a 5-cm ribbon, make sure your ribbon is
uniform in thickness. If you have a thick area of soil at the end of the ribbon, it will
serve as a weight and cause the ribbon to break prematurely. Similar problems may
occur if you make an area in the middle of the ribbon thinner than the rest. Practice
with the clay until you can confidently make a ribbon; then use this technique on
your soil sample.

If the sample did not form a ribbon, you have loamy sand.

If the sample made a ribbon of less than 2.5 cm long and feels gritty to the
touch, you have sandy loam.

If it feels smooth rather than gritty, you have silt loam.
If there is 110 gritty or smooth feeling, you have loam.

If the sample made a ribbon of 2.5 cm to 5.0 cm long and feels gritty to the
touch, you have sandy clay loam.

If not gritty, but smooth, you have silty clay loam.
If there is no definite gritty or smooth feeling, clay loam.

If the sample made a ribbon of 5.0 cm long or more, and feels gritty to the
touch, you have sandy clay.

If not gritty, but smooth, you have silty clay.

If there is no definite gritty or smooth feeling, clay.



Physical Characteristics of Soil

Ifyour teacher instructs you to, use the same procedure to analyze the texture
of samples collected from each of the layers in your soil pit.

Record the texture in Table 2.

B. Determination of Soil Consistence

Again, test sand, clay, and your assigned soil. If your teacher directs you to,
also test a sample of soil from each layer in the soil pit. Consistence is
determined when the soil is dry (loose, hard, or soft), when it is moist (loose,
friable, or firm), and when it is wet (sticky, nonsticky, plastic, or non-plastic).
Start with dry soil and get a sample with fairly intact structure (if possible).
Follow the procedure below to determine the consistence.

* Hold and squeeze the soil in between your thumb and forefinger until it
breaks apart.

* When dry, is it loose (the structure falls apart easily and peds are not
easily defined). Or is it soft or hard?

* Moisten the soil with the spray bottle. Is it loose (the structure falls apart
easily and peds are not easily defined)? Is it friable (breakable once a small
amount of pressure is applied)? Is it firm (requires significant pressure to

break)?

* Thoroughly wet the soil with the spray bottle. Is it sticky or nonsticky?
plastic or nonplastic?

In Table 2, record the consistence of each sample analyzed.

—C. Observation of Soil Structure

Rub some of your dry soil sample between your fingers. Does it fall apart easily
into roundish fumps? Does it tend to stick together in angular clumps? Is it
platy? If a stereomicroscope is available, observe some of your soil. Record
what you believe to be the structure in Table 2.

Laboratory 1. Considering all the samples analyzed by your class, do you find any
Questions relationship between texture and consistence?

2. How might the consistence of soil affect the growth of plants? Think
about both wet and dry conditions.
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Table 2: Texture and Consistence

Science

Sample

Source

Texture

Consistence

Wet

Dry
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Activity 3: Particle Size Distribution

Procedure

Laboratory

Question

Next Day

You will analyze the distribution of particle size within your soil samples to
determine the percent clay, sand, and silt present in each.

In this procedure, your soil sample must settle overnight for interpretation the
following day. Someone in your class will set up tests with sand and clay
samples to serve as interpretation guides. In addition to looking at your own
sample, you will be looking at all the other samples after they have finished
settling.

1. After breaking up any large clods, fill a clear jar half-full with your
assigned soil.

2. On the outside of the container, identify the soil with a wax marker.
Characterize the location from which it was taken. Has it ever been
plowed? Is it used for pasture? Is it used to grow crops or a garden?

3. Add tap water to just below the rim of the jar and tighten the lid.

4. Shake the jar for 30 seconds. Add 1 drop of dish detergent to the jar of
soil to settle the particles.

5. Allow the sample to settle overnight.

-On the basis of the other characteristics of your soil sample, make a general
prediction about the particle size distribution you expect to see in your sample.

Note: Do not shake the container or otherwise disturb the layers.
1. Place a piece of white paper behind the jar and observe each layer.

2. Label each layer (either organic matter, clay, silt, sand [both fine and
coarse] or gravel) on the outside of the jar with the wax marker. Use the
control samples of sand and clay for comparison.

3. Measure the thickness of each layer (cm) with a ruler and record it in

Table 3.1.
4. Calculate particle size distribution:

Divide the depth of each soil layer by the total depth of soil and record
your data in Table 3.1. Multiply by 100. Calculate the percentages of clay,
silt, and sand in your sample.

Determine the soil type from the soil triangle on the Soil Analysis Card.

1. Each corner of the triangle represents 100% of one of the three classes of
soil: silt, sand, and clay. Locate these. Loam soil is a mixture of all three
and is found in the center of the triangle. Point your finger to loam.
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2.

&

7.

Follow the atrows on the sides of the triangle. The right side of the
triangle indicates percent silt, the bottom of the triangle indicates percent
sand, and the left side of the triangle indicates percent clay.

Find the percent silt (calculated above) of your soil sample on the right
side of the triangle and point to it.

Find the percent sand of your soil sample on the bottom of the triangle
and point to it.

Move your fingers toward each other until they intersect. Keep one finger
at this intersection point.

Find the percent clay of your soil sample on the left side of the triangle
and point to it. Drag this finger across to meet your other finger. This
point of intersection is the soil’s texture class. In cases where the lines
intersect on a boundary line, choose the soil type that takes up the most
area.

Record the soil type below Table 3.1.

Observe the samples analyzed by your classmates. Note the sources of the
samples and their composition in Table 3.2.

Laboratory 1. Which collection site had more organic matter, clay, silt, fine sand, coarse
Questions sand, and gravel?

2. Which soil would be the best to grow crops in? Why?

3. What happened to the soil particles in the jar overnight? Explain.

4. Compare yohr sample’s particle size distribution with your classmates’, If
you analyzed soil from different sites, is there a difference due to where
the soil was collected? Do the differences correlate with the
characteristics of the site? Explain.

5. Did the particle size analysis of the various samples tested by your class
correlate with the results of the texture-by-feel analysis?

Table 3.1: Particle Size Distribution

Sample Depth of | Depth of | Depth of Total % % %
clay layer | silt layer |sandlayer| depth clay | silt | sand
(cm) {cm) {cm) {em} % % %

14 Student Instructions

Soil Type:




Table 3.2: Particle Size Distribution

Sample

Source

% clay

% silt

% sand

Student Instructions

15




Activity 4: Bulk Density

Discussion

16 Student Instructions

You will calculate bulk density of ¢lay, sand, and your soil sample and compare
these results to those from the particle size and texture analyses.

Bulk density (BD) expresses how much a soil weighs per unit volume. Soils
contain soil particles and pore space, and the bulk density depends both on
the amount of pore space in a particular soil and the density of the soil
particles. Determining bulk density is simple: mass a sample of soil and
measure its volume. Bulk density is expressed as mass/volume.

The aspect of bulk density that is important for understanding other properties
of soil is porosity, the volume percentage of the total pore space. Soil contains
both large and small pores (spaces between soil particles} that are occupied by
both air and water.

To determine porosity, a core of soil with a known volume is oven dried and
then massed. A core of identical size is placed in a pan of water until it is
completely saturated and is then massed. The difference in the mass of the
saturated core and the oven-dried core indicates the mass of water the core
can hold, which indicates the volume of pore space in the soil.

For example, assume a 200-cc soil core weighs 260 g when oven dry and 360 g
when saturated. The core can hold 100 g water, which is 100 cc water. Total

pore space is 100 cc, and porosity is 100 cc/200 cc x 100%, or 50%. A 50%
total pore space is rather typical for medium-textured soil.

By definition, sand has a larger particle size and coarser texture than loam, silt,
or clay. Because there are fewer particles in a given volume of sand, there are
fewer pore spaces than in finer-textured soil. Sand typically has a porosity of
around 40%, though this varies with particle size. Fine-textured soils usually
have a variety of particle sizes and shapes, which do not pack tightly. A clay-
textured A horizon with granular structure may have 60% porosity.

In our everyday experience with soil, we know that water usually runs through
sandy soil faster than through soil with a high percentage of clay. The
explanation for this fact is that most pores in sandy soil are large and permit
air and water to pass easily through the soil. Clay has more total pore space
than sand, but the pores are much smaller, and water cannot pass through
them as quickly. In the upcoming sections of this unit, we will further explore
the effect of pore size on water retention and mobility.

Bulk density can be used to calculate porosity if the particle density (PD), the
density of the individual soil particles themselves, is known.
The formula follows:

Porosity = 100%.— [BD/PD x 100]

The BD/PD ratio gives the fraction of the soil volume occupied by solids. As
bulk density decreases (PD remaining the same), the total pore space increases
and the volume occupied by solids decreases.



Physical Chearacteristics of Soil

Compaction

Just as soil structure can be changed by disturbance, so can porosity. If soil is
subjected to pressure, pores can collapse and total pore space decreases.
Studies have shown that a single pass of a motorcycle in the Mojave Desert
increased the bulk density of loamy sand soils from 1.52 to 1.60 g/ce. Soil from
the area around picnic tables and tent sites in Rocky Mountain National Park
was found to have a bulk density of 1.60 gfcc, as compared to 1.03 g/cc in less
traveled areas of the park. Compaction reduces permeability of soil to water
and air.

Source: Foth, H. D. Fundamentals of Soil Science. 7th ed. John Wiley and Sons,
1984.

Procedure Before beginning the determination of bulk density, use particle size data to
predict the relative densities of the different soils being analyzed by your class.

1. Collect a sample of soil in your plastic cup.

2. After breaking up any clumps, place a paper towel on your bench and
empty the soil onto it.

3. Tare the plastic cup; then weigh out 70 g of your soil sample.

4. Return your extra soil (on the paper towel) to the proper container, or
dispose of it.

5. Place a funnel in the mouth of the graduated cylinder.

6. Carefully dump the 70 g soil into the funnel. As the soil is sifting through
the funnel, tap the bottom of the graduated cylinder on the work surface
to pack the soil.

7. Record the volume of the soil.

8. Empty the cup and repeat the activity with sand and clay. Be especially
sure to break up all the clumps of clay.

Laboratory 1. Calculate the bulk density for each sample and record it in Table 4. Divide
Questions the volume of the soil by its mass (70 g) and record the value as grams per
cubic centimeter (g/cm3).

2. Compare the bulk dersities of soils with different particle size distributions
and textures, Is there any correlation between particle size, texture, and

bulk density?
3. Compare the predicted relative densities to the measured densities.

4. Calculate the particle density for the soil with 50% porosity described in
the Discussion. Rearrange the equation for porosity to solve for particle
density.

5. Demonstrate mathematically why BD/PD gives the fraction of soil volume
occupied by particles.
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Table 4: Bulk Density

Clay Sand Humus Soil

Volume of 70-g sample

Bulk density (70g/volume)

18 Student Instructions



Activity 5: Water-Holding Capacity and Capillary

Discussion

Action of Soil

You will determine the capillary action and water-holding capacity of sand,
clay, humus, and your assigned soil. You will compare this data with
information on particle size and porosity from Activities 3 and 4.

The way in which water moves through and is held by soil is of critical
importance both to plant life and human activities. Soil particles have
electrically charged sites on their surfaces. Most of these sites are negatively
charged, but some are positive. Water molecules, though not charged, are
strongly polar and form hydrogen bonds with one another. When water
molecules encounter perfectly dry soil particles, the strong attraction of the
electrically charged soil particles for the polar water molecules results in the
spreading of a thin film of water molecules over the surface of the soil
particles.

This water is called adhesion water and is several molecular layers thick. The
adhesion water molecules rarely move and are thought to exist in an almost
crystalline array, similar to the structure of ice. Under normal conditions,
adhesion water is always present on soil particles, even dust in the ait.
Adhesion water is not available to plants. To remove it requires oven heating.

Since water molecules are strongly attracted to one another by hydrogen
bonding, the regular array of adhesion water molecules provides sites for
‘additional water molecules to associate. Further away from the charged soil
particle, these molecules are held only by hydrogen bonding. They have more
energy than the adhesion water molecules and move about more. This water is
called cohesion water. Cohesion water fills and coats soil particles about 10-15
molecules more thickly than adhesion water and fills micropores because
surface tension {provided by hydrogen bonding) is sufficient to hold it there.
Cohesion water constitutes the major source of water for plant growth.

Cohesion water and adhesion water are retained in the soil by forces that
exceed gravity. Water in macropores, however, is less strongly held and moves
down and out of the soil unless an impermeable barrier stops it. Macropore
water is called gravitational water because gravity attracts it more strongly than
does soil. When soil is saturated, as in the determination of total pore space,
all its macropores are full. If the soil is allowed to drain, the macropores will
lose their gravitational water, but the waters of cohesion and adhesion will be
retained. In a field or pasture, once the gravitational water has drained, the
area is said to be at field capacity; you will determine the water-holding
capacity of samples of soils in small columns.

Water flow in soil

When the soil is saturated, all pore space is filled with water. The water moves
rapidly through larger pores and more slowly through smaller pores. The
situation is analogous to water flow from a tank on the roof of a house down
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through a pipe to a faucet. The flow is a function of the height of the roof
(gravitational potential difference) and the size of the pipe (conductivity).
Water flow in pipes and pores is directly related to the fourth power of the
radius. Thus water can flow 10,000 times faster through a pore with a radius
10 times greater than another one. If water draining down through a relatively
permeable soil layer encounters a relatively impermeable layer, it will collect in
the permeable layer. The rate of gravitational flow through soil is sometimes
referred to as the infiltration rate.

Soils with a high rate of infiltration are easily leached, losing nutrient ions
from the layers of soil where roots are the most abundant. Such soils can
quickly become infertile without the addition of chemical fertilizers. The
leachates (liquid that has passed through the soil) may contain fertilizer salts
and pesticides that pollute the water table and rivers.

In addition, water can move through soil independent of gravity. Since there is
a strong attraction between soil particles and water molecules, water can be
drawn upward from the water table by capillary action when the soil becomes
dry. For this to take place, soil particles must be packed closely enough to
provide a continuous film of surface for water molecules to climb. On the
other hand, as pore sizes become smaller, the rate of capillary movement will
slow. Soil with a high rate of capillary action loses water more quickly through
evaporation than does soil in which capillary action is slower.

Permeability and soil compaction

Soil compaction primarily affects macropores, and thus can have significant
effects on permeability and drainage. One study showed the permeability of
soil-on a logging road in Washington was only 8% of the permeability of
undisturbed soil. By eliminating macropores, compaction reduces availability
of both air and water to plants; by decreasing permeability, compaction also
makes soils more vulnerable to water runoff and erosion.

Permeability and septic tanks

Homes that are not connected to municipal sewage treatment systems rely on
septic tanks for purifying waste from drains. A septic tank is a large, buried
tank into which waste flows at one end. In its middle, a dividing wall reaches
nearly to the top of the tank. Since most solid material in the waste stream
sinks, the dividing wall traps most of it in the first half of the tank. A rich
community of bacteria breaks it down. The mostly liquid waste that flows
{(slowly) over the dividing wall settles again in the second chamber.

Near the top of the second septic chamber is a one-way outlet to a system of
underground, perforated pipes called field lines. The now mostly clear liquid
from the septic tank trickles out of the perforations into the soil. Soil microbes
break down remaining organic material and ions are absorbed on the surface
of soil particles. As the liquid drains through the soil, it is purified.

If soil into which a septic tank were placed were highly impermeable, the
liquid trickling from the field lines might not be absorbed into the soil and
instead might accumulate and ooze out of the ground. Such a situation would
obviously be highly undesirable, if not potentially a health hazard.
Consequently, health departments ensure that any proposed septic tank site



Procedure
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has adequate soil permeability. Sometimes this is doge by considering the
composition of the soil. Other times, health department workers go to the
proposed site and conduct what is called a perc test. What do you suppose perc
stands for in this context?

Before you begin, use the information on bulk density, particle size, etc. of the
sand, clay, and humus, and soil samples to predict relative rates of capillary
action and permeability.

1. Obtain clay, sand, humus, and your assigned soil in the cups provided.

2. Cut two squares of double-thickness cheesecloth that will fit securely over
the end of the small plastic column. Secure the cheesecloth over the end
of a column with a rubber band. Use just enough cloth to cover the end;
you will need to see the soil in the column and also minimize the amount
of water absorbed by the cheesecloth. Do the same for three more
columns.

3. Label the columns: Clay, Sand, Humus, and Soil,

4. Lay the columns side by side, and make a mark 7 or 8 ecm (approximately
3 inches) up the column from the end covered by cheesecloth. The mark
must be at the same level on each column.

5. Weigh each empty column and record the data.

6. Pour some clay out onto a paper towel and carefully crush every lump. Fill
the Clay column to your mark with this clay. Fill the Sand column to the
mark with sand and the Humus column with humus.

" 7. Pour some of your soil sample onto a paper towel and carefully crush any

lumps. Fill the Soil column with this soil.
8. Weigh the columns containing the dry samples and record the data.
9. Put 10 mL water into each of four plastic vials.
10. Have orne of your group members watch a timer with a second hand.

11. Place the cylinder of sand into one of the vials of water so that the bottom
of the cylinder rests on the bottom of the vial (Figure 1). Time how long it
takes the water to travel up the column by capillary action. Record the

data in Table V,

12. Repeat the procedure with the clay, sand, and humus columns. If the
column is not completely saturated by the end of the laboratory period,
record the height to which the water has risen and estimate the time it
should take to saturate the column if it continues to rise at that rate.

13. Add a little more water to each vial and let the columns sit overnight.
Cover them if you are concerned that the water will evaporate.
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Figure 1,
Next Day All of the soil columns should now be saturated. Remove the columns from
the vials and hold them until dripping stops.

Weigh the columns. Record the weight in Table 5. Save the saturated columns
for the next test.

Laboratory 1. Determine the water—holdli;ng capacity in mL water per mL soil. Calculate
Questions the volume of each sample {clay, sand, humus and soil), using its mass and
-the bulk density calculated in Activity 4.

2. Observe the other groups’ results for the other soil samples and complete
the data table. Is water-holding capacity the same for all the soils sampled?

3. Compare the predicted relative rates of capillary action with the class
data. Explain any discrepancies.

4. What characteristic of soil is most important in determining water-holding
capacity? Defend your answer.
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Table 5: Capillary Action and Water-Holding Capacity

Clay Sand Humus Soil

Weight of empty column

Weight of column
and dry soil

Weight of dry soil

Weight of column
and saturated soil

Weight of water

Water-holding capacity
(g HoO/mL sail)

Distance traveled
by water (mm)

Time required for
that distance to
be traveled

Rate (mm/time)
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Activity 6: Determination of Permeability

You will determine the dry permeability and wet permeability of sand, clay,
humus, and your assigned soil.

1. Use the same procedure as described in Lesson 5 steps 1-8 to prepare

fresh columns of sand, clay, humus, and soil. The soil columns should be
of the same height and should contain no lumps. Weigh the empty
columns and the columns with soil, as before.

2. Use the twist ties to suspend these new, dry columns and the water-

saturated columns from the previous day in plastic vials. The cheesecloth
should be about an inch above the bottom of the vial (Figure 2).

3. Put 10 mL of water in the 60-cc cup.

4. Designate one member of the group as the timekeeper and one as the

recorder. When everyone is ready, pour the water onto the dry sand
column. The timer should time how long it takes until the first drop of
water comes out of the bottom of the column. Record this time in Table 5.
The recorder should record the start time, for reference. Watch the
column until there is no more water standing on top of the column of
sand, and no more dripping through the column. Record this time as well.

5. Repeat this procedure with the wet sand column.

6. Repeat with the remaining columns. If percolation through a column is

slow, record the start time and set up another column. You will have to
keep an eye on the slow columns so that you won’t miss the first drop or
the final one.

7. Record all the times in Table 6.1.

Figure 2,



Physical Characteristics of Soil

Laboratory 1. Observe the other groups’ results and complete Table 6.2 for all six class
Questions soils.

2. Is there a relationship between particle size and percolation rate?

3. Imagine a sloping field of very sandy soil and a sloping field of soil with a
very high clay content, each with an identical drainage ditch at the
bottom. In a prolonged, heavy downpour, do you think one ditch would be
more apt to flood than the other? Why or why not?

4. If you had two fields of crops, one in which the soil was mostly sand and
the other mostly clay, which one would you have to water most often and
why!?

5. Compare and contrast permeability and porosity.

Table 6.1: Permeability
Dry Soil Wet Soil

Time for Time for Time for Time for

first drop entire sample first drop entire sample
Sand
Humus
Clay
Soil

Summary Data

Transfer your data from previous tables (2—6.1) onto Table 6.2. Obtain data
compiled by your classmates for their soil samples (not their clay, sand, and
humus data) and record it in Table 6.1.
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Table 6.2: Summary of Soil Data

Identify each soil sample in the space below the sample number.
%C = % Clay
%S % Silt
%Sa % Sand

Soil sample | Color { Texture | Consistence | Particle size | Bulk Capillary Water Permeability

%C, %S, %Sa | density | action, time holding | Time to first drop | Total time
Wet | Dry to saturation| capacity | Wet Dry | Wet | Dry

Sand Sand

Clay Clay

Humus

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5
Sample 6




Activity 7: Determining Slope of the Land

Discussion

You will use surveying methods to determine the slope of land, and link the
effects of slope with other soil characteristics to predict its effect on erosion.

One of the most important features of a soil survey is the slope of the land.
The slope of land can determine whether the land should be planted in grass,
trees, cultivated crops, or used as a site for a home, building, warehouse,
landfill or septic tank system.

Slope is categorized in the following way:
0-2% slope about level

26%slope  gentle

6-10% slope  sloping

10-15% slope  strongly sloping

15-25% slope steep slope

>25% very steep slope

Slope and Erosion

One of the most important issues involving slope is surface erosion by water.
Water's erosive potential is a function of its volume and kinetic energy. The
*kinetic energy of rainfall is determined by how fast the raindrops fall. In
addition to having more kinetic energy, hard rain is less likely to be absorbed
by the land upon which it falls, and therefore more likely to become runoff
water. Kinetic energy of runoff water is a function of how fast it flows, which is
a function of slope; a doubling of the velocity of runoff water leads to a
quadrupling of its kinetic energy (KE = mvZ/2).

In considering the damage done by erosion, it is important to remember that
most of the eroded soil is topsoil, the layer that contains the most organic
matter and nitrogen. In addition, eroding of the A horizon exposes the
subsurface soil, which usually has a higher clay content. This soil is less
permeable to watet, and its exposure reduces infiltration and increases runoff,
leading to still more erosion.

The eroded soil is not lost. Instead, it will eventually be deposited somewhere.
Some is deposited in river deltas, such as those of the Nile and Mississippi
rivers. Some winds up in water reservoirs, gradually reducing their water-
storage capacity. An extreme example of this loss is the Washington Mills
Reservoir in Virginia. Over a course of 33.5 years, it lost 83% of its storage
capacity.

Sediment is the most abundant water pollutant in the country. Its presence in
water can be measured as turbidity, or how much a water sample scatters light.
Sediment covers fish eggs, provides a carrier for pesticide residues, and reduces
penetration of sunlight, therefore decreasing aqueous plant growth. It leads to
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the dredging of channels and harbors, and to the necessity of filtering
municipal drinking water.

Signs of erosion

One of the most obvious signs of erosion is the presence of gullies. Gullies can
be produced by water falling over a bank until gradually, the bank is
undermined and the edge collapses; the waterfall moves back and leaves a U-
shaped trench. Gullies can also be produced by concentrated flow of water
through soft soil.

Evidence of erosion can also be found through examination of the surface and
subsurface layers of soil pits. Soil scientists classify soil into three erosion
categories: no or slight erosion; moderate erosion; and severe erosion. For a
soil to be classified in the no to slight erosion category, the surface layer of the
pit must show no signs of mixture between the surface and subsurface layers,
either in the color or the texture of the soil. In moderately eroded soil, the top
6 inches of the surface layer contains soil from a subsurface layer and shows
signs of having a mixture of textures and structures. In severely eroded soil,
more than 75% of the original topsoil layer has been lost, and at least 75% of
the top 6 inches of the soil is composed of subsurface layer soil.

Slope of land is determined in exactly the same way the slope of a line is
determined: the change in y divided by the change in x. It is simply a little
trickier to determine these quantities outdoors on land than it is on a graph.
In the method outlined below, you will find two points 50 feet apart (the
change in x) and determine the change in y.

1. Select a site at which you'll measure the land’s slope. The area must have
at least 50 feet of clear space.

2. Your group will need a 50-inch stick, a yardstick, a line level, and a means
to record measurements.

3. Here is a summary of the method. Two groups of students will stand 50
feet apart. Designate one student from each group to stand on points that
are 50 feet apart. Other students stand around them to assist. To find the
sites, pick an uphill site, then have one student determine how long his or her
heel-to-toe steps are by using the yardstick. Determine how many heel-to-toe
steps would equal 50 feet, and walk them off.

4. The student on the uphill site holds the 50-inch stick horizontally,
pointing at the student on the downbhill site. The uphill student’s
assistants help by using the line level to make sure the stick is perfectly
horizontal, and they help hold it that way. Use the yardstick to measure
how far the uphill end of the stick is above the ground. Record this
measurement as yl.

5. While the 50-inch stick is being held level and steady, a helper student
should look down the stick as if it were a rifle barrel and find the downbhill
student. It may be necessary for the downhill student to raise his or her
arm. Determine exactly where on the downhill student's body the stick is
pointing (e.g., nose, upraised elbow).
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Physical Characteristics of Soil

6.

Measure from the ground to the point on the downhill student’s body at
which the stick points. Record this measurement as y2.

Compute slope:
Slope = (y2 - y1)/50 feet*
Multiply this value by 100 to give the percent slope.

*y2 and y1 must be in feet, or all measurements must be in the same
alternative unit.

Refer to the summary of data on Table 6.2.

1.

2.

Of the soils analyzed by your class, would one be better suited to plant
growth than others? Defend your answer.

Human beings in developed countries generate large amounts of garbage;
like it or not, the garbage must be disposed of in some manner, and the
most common method is to bury it in a landfill. One concern with landfills
is that water penetrating the soil might rinse potentially toxic chemicals
from the landfill into the water table. Given this concern, what would be
the very best type of soil in which to place a landfill? (In addition to soil
requirements, government regulations now require landfills to have
waterproof plastic linings and require that landfill operators regularly
monitor the groundwater near the site.)

Provide an explanation for the following all-too-common scenario. A
couple buys a wooded lot. They want to build a house on it and, at the
same time, preserve the trees. The contractor builds the house in a normal
manner, leveling the building site, pouring a concrete foundation, etc. The
trees are left around the house until the next summer—hot and dry as
usual-—when they die.

In clear-cut logging—still a standard industry method—a company brings
heavy machinery to the logging site, drives it into the woods, and cuts
down and removes every single tree. Discuss the effects clear-cut logging
would have on the soil in the logged area.

Why would responsible hikers walk single file along a trail, but abreast
whzn hiking in wilderness areas (without trails)?

In conventional farming, the soil is plowed after each harvest. The plowed
soil sits bare until a new crop is planted. In the alternative method called
no-till farming, fields are not plowed between crops. Instead, the stubble
of the old crop stays in place, a slit is cut down the middle of each row for
planting the new crop, and otherwise the soil is undisturbed. List all the
effects you can think of that no-till farming would have on soil in
comparison to conventional farming.
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