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Garbage-eating worms provide a logical solution to a range of problems.

% Water supply: we use eight gallons of water to dilute a pound of food waste in a
garbage disposal (plus using the electricity to run the disposal and pump the water
to your house.} Additionally, wastewater treatment plants require more capacity.

% Waste disposal: food waste and yard debris can account for up to 25% of the waste
stream. [n landfills this waste takes up space and its decomposition produces
methane gas. [Incineration totally destroys the organic value.

Worms provide a simple, yet effective, means to convert organic waste into a nutrient-rich
material capable of supporting plant growth. They do it efficiently, noiselessly, and without
complaint, Because worms can do it where the garbage is produced (home, office or
school), no hauling is required. When the finished vermicompost is introduced into the soil,
it provides nutrients, thus reducing the need for synthetic fertilizers, Using the worm
castings saves water, energy, disposal capacity and soil. All of this leading to a more
sustainable lifestyle!
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ACTIVITY EXAMPLES:

1. Wormns Eat Our Garbage: Classroom Activities for a Better Environment, Mary
Appelhof, Mary Frances Fenton, and Barbara Loss Harris. ISBN 0-942256-05-0

2. Worm Composting (Vermont)

3. Composing: Worm Recycling (King County)
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Name The Worm's Body Quiz

=~

- ,
Wormformation

The shape of a worm Is long and thin. It has a soft body and It has no

bones beneath its skin. The body of a worm is made of many little rings
~With grooves between them. Each of these rings is called a segment.

Each segment has bristles called setae that help the worrn move. A worm
has no arms, legs, or eyes.

e S/

prostomium Flap”

Posterior Arterior
(Tail End) segments  (Head End )
W
clitellum
Directions

Read the Wormformation and look at the earthworm diagram to
answer the questions. (Hint: Use the glossary for extra help.)

f—

. What is the basic shape of a worm?

2. Does a worm have arms or legs?

3. Does a worm have a mouth?

4. The prostomium is a flap above the worm's

5. Does a worm have eyes?

6. What is the head end of a worm called?

7. What is the tail end of a worm called?

8. What is the name of the swollen band?

_ 9. What are the rings on a worm's body called?

10. The bristles that aid in a worm's movement are called

Bonus Activity Look at a real worm. Identify its parts.
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Name . ‘ Worm Parts

Observing the earthworm should be done with great care, Attending
to the worm's needs will let you do experiments with little or no
stress to this creature. A worm s stressed by a shining light, by
surroundings that are too dry, and by being too hot or tco cold.

Wormfoermation

Directions
Read the Wormformation and follow
the steps described below.

Materials

» 1 clear, plastic lid

¢ 1 t (teaspoon) water

» 1 magnifying glass

¢ 1 live earthworm {(a young worm is _
more transparent that a mature one)

¢ 1 flashlight

Procedure
1. Put a worm on the clear lid. Wet the worm with water to keep its skin moist.

2. Have a friend shine a flashlight through the bottom of the lid and the worm. Look at
the worm from above using a magnifying glass. Quickly find the intestines and
location of the worm's 5 pairs of hearts. The worm will not like the light, so turn the
light away from the worm in a few seconds. (Hint: Try different angles of light on the
worm using the flashlight, but only for a few seconds each time.)

3. Return the worm to its moist bedding before going to step 4.

4. Draw the worm in the space below. Label the intestines and hearts.

Bonus Activity Observe and label other parts of the worm drawing, such as head
end, tail end, and cliteltum.

WORMS EAT OUR GARGAGE Copyright © 1993 Mower Press Observing/Recording



Name , Word Portrait

Directions
Feel a worm. Look at a worm. Listen to a worm. Smell a worm. Describe your

worm in words in the Worm Word Portralt. Write a word list from your worm
portrait on the lines below.
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My Word List

Bonus Activitiy
Look up your words in a thesaurus. Write the synonyms in your worm word portrait.
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Name Seeing is Believing

Worms do not have eyes as we do. When you see an
artist's cartoon of a worm with eyes you know that the
artist Is using her imagination. The artist is trying to %lve
the worm expression and personality. Humnans show thelr
emotions of happiness, sadness, and surprise with thelr
eyes. Imagine a worm drawing a picture of another worm. A
Blcture drawn by a worm would not show human eyes,

erhaps a worm can sense If another worm Is happy or sad
bg uslng another part of Its body and does not need eyes
at all. Sclentists who study earthworms know that they
sense light without having eyes.

Question
Do worms sense light? Try this experiment.

Materials
You will need the following materials to do your scientific study:
¢ a shallow container (jar lid) ® moist paper
¢ black paper or cardboard ° towel
¢ live worm (at least 1) ¢ a flashlight

Directions
1. Place moist paper towel in shallow container.

2. Cover half of the container with the cardboard.
3. Put worm in the uncovered portion of the container.
4. Shine the flashlight on the worm.

5. Observe what the worm does.

Record your observations in the box below and answer the question,

What did you observe?

Does a worm sense light? Yes No

How do you know?

Bonus Activity Use a red or amber plastic bag over lighted end of flashlight and observe
the reaction of the worm to light. Record what you see the worm doing.

WORMS EAT OUR GARBAGE Copyright © 1995 Flower Press Sclence Exper[ment

27




Name S Worm Hydraulics

Worms move by hydraulics,

Directions _ Hydraulics concerns the
Observe a worm move on three different surfaces. movement of flulds under
Contrast how fast it moves on the different surfaces, and pressure. Contraction of a
the direction it moves. Note the waves of muscle worm's muscles inCcreases
contractions. What does it do when it meets an obstacle? the pressure of Its body

fluid, squeezing it forward

Does it move backward? Will it climb up on things? into a region where the
What seems to be the purpose of a particular movement? | iscles are relaked. This
Use a magnifying glass for more detail. reglon looks swollen
(Remember to respect the worm's needs. Use several worms one at a compared to the narrow

time so that no worm is in the light, in dry air, or on a dry surface very reglon with contract[ng

fong.) muscles.  wormformation ]

Ideas for types of surfaces that can be wet or dry:
desk top glass plate newspaper |
plastic pan clear jar notebook paper

Observation #1

Type of surface Wet ? Dry? . (Check ome)

[ observed

Observation #2

Type of surface : Wet? ______ Dry? (Check one)
I observed
Observation #3
Type of surface Wet ? Dry? ____ (Check one)
[ observed
WORMS EAT OUR GARBAGE Copyright @ 1995 Flower Press Observation



Name What's for Dinner?

Directions
Write the names of things a worm will likely eat if they are put them in the
worm bin. List one for each letter of the alphabet. Brand names of things can
be used. The first one is done for you.

A Asparagus N
B o N
c P
D Q
E R
F S
G T _
H U_
I vV
J W
K X
L Y
M Z
WORHS EAT OUR GARBACE Coprrigt © 1995 fiows Fress Vocabulary

64



WorM COMPOSTING

Worm composting is an excellent way to introduce living decomposers
in the classroom. By keeping an active worm bin inside, students can
observe the natural cycles of decomposition and gain new appreciation
of earthworms as the “guts” of the soil.




ACTIVITY

Worm
'Composting
Grades 3-6

Objective
‘Participants will: -

# learn about worms
and their role in
nature t_hrough
observation and
discussion, and

¢ gvercome any fear
of worms.

Time
20-40 minutes

* Look in the.back of this booklet
for how this activity applies to the
Vermont Framework of Standards
and Learﬁing Opportunities.

Warming Up to Worms

Materla] $ Needed moist surroundings. Eight adult
redworms can produce 1,500 off-

spring within six months, if condi-
tions are favorable. Bach worm

» Magnifying boxes or glasses
(vounger students)

* Worms is both male and female and can
* Warming Up to Worms eat over half of its weight in food
worksheets (p.29) every day.

» Paper towels

{older students only) Management Ski]]S

* Toothpicks (older students only) Worms are very sensitive to light,
so handle them with care. Make
Backgéround sure there is 2 moist piece of paper
Information towel in each participant’s mag-
_ ) nifying box. You should also put
Worms are incredible decom- a little bit of bedding or worm
posers. The worms we use for

_l castings in the magnifying box
composting in boxes are surface

feed led B ida. Th with them. For older students,
eeders called Eisena foetida. They use moist paper towels and tooth-
are also called manure worms,

; picks. Younger children may not
red wigglers, of redworms. Over

) ; i be able to use the worksheet,
7,000 species of worms inhabit the
wortld, and they are important
to ecosystems. In ancient Egypt
under Cleopatra’s rule, it is report-
ed that anyone who knowingly AN \ /
killed a worm would be sentenced .
to death. Today, there are .
engineers in India
who are learning
how to clean
sewage water using
WOIEN systems.

There are lots of
fun facts to know
about redworms.
They have five pairs
of hearts, no eyes,
and no teeth. They
breathe through their
skin, and need dark,




Procedure 4. Hand out the Warming Up
. . to Warms worksheet to each
1. Ask participants to brainstorm -
participant.

questions about worms. Encourage

students to ask any kind of ques- 5. Ask the teams to observe their
tion about worms. Try brainstorm-  worm through the magnifying box
for a few minutes. Walk the class

ing worm adjectives.
through filling out the worksheet.

2. Discuss how worms are recy-
clers, how they have been held in 6. Once the students are finished,
high esteem by many cultures for  facilitate a discussion on the ques-

centuries, and that they can help tions that were brainstormed at
us manage our waste.’ the beginning of the lesson. Some

of the questions might not have
been answered from observations.
How would participants research
those unanswered questions?

3. Tell participants they are now
going to investigate the answers

to their questions through direct
observation of redworms. Have
participants divide into small
teams of two or more and hand
out a magnifying box with a
worm to each team. (For older
kids, a paper towel and a toothpick
is fine.)

T
Q.
0 grl

7. Ask participants 10 add
adjectives to their list. Point
out differences from the first list.

8. Summarize the main
points again.

Source: Cindy Nelson, Alameda County Mas-
ter Composter/LITES Program; Mills College,
Oakland, CA.



Warming Up to Worms
1. What color is the worm?
2. What shape is the worm? Describe it.

3. How does the worm's skin feel?

4. Is there a difference between the top side and the bottom side of a worm?
Describe what bath sides are like.

5. Can you tell which is the front end of a worm and which is its tail?
How do you know?

6. Does an earthworm have. ..

EYES?
EARS?
LEGS?
A NOSE?

A MOUTH?

7. How does your worm move? Describe it.

8. What's the name of your worm?

9. Why are worms important to life on earth?

I‘ummﬂ.ﬂ.ﬁﬂmw"'

Name:




ACTIVITY

Worm
Composting
Grades K-12

Objective
Students will:

® set up a2 WOTIN COm-
posting system, and,

e Jearn about the
importance of worms
in the life cycle and
as transformers

of garbage.

Time
40-60 minutes

* Look in the back of this booklet
for how this activity applies to the
Vermont Framework of Standards
and Learning Opportunities.

Setting Up a Worm Bin

Materials Needed

e Worm bin

¢ Bedding materials

¢ Handful of soil

¢ One pound of worms
e Water

e Collection container

¢ Worms at School worksheet
(p. 32)

Baekground
Information

Worm composting is a fun, low-
maintenance way of recycling your
organic kitchen scraps. Worms

eat your vegetative food scraps,
turning them into a high quality
fertilizer known as worm castings.

You provide the living environ-
ment for the worms—the bin,
bedding, and food—and the
worms do the rest. Worm com-
posting can be done inside or
outside (depending on climate),

requires no turning, is odorless if
done correctly, and can be done in
small spaces. Worm composting is
most appropriate for food scraps.

The compostable matter we throw
away-—such as apple cores, melon
rings, and soggy bread—are things
that worms like to eat. Redworms
eat food scraps and break them
down into rich, dark brown,
earthy-smelling material called
worm castings. Castings, which
are nitrogen-rich fertilizer, can
be returned to the earth and are
good for lawns, gardens,

and houseplants.

Management Skills

Since participants will be setting
up a worm composting system

in the classroom, it is necessary

to secure both worms and a steady
supply of worm food. Worm bins
need regular maintenance. Please
be mindful not to overfeed.

i
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Procedure * Add more dry shredded news-
paper to fill the bin, and then

1. Introduce worm composting a layer of burlap or cloth.

by discussing the life cycle, the
importance of worms in nature,
and worm composting as a waste
management strategy. (See Intro-
duction for more information.)

5. Explain to participants that
using worms to compost our food
scraps makes sense for a lot

of reasons:

o ‘We will reduce the amount

2. Buy, scrounge, or build a
of garbage we create.

worm bin;
¢ Compost improves the soil

¢ A worm bin can be made of .
and makes it hold water better.

wood, plastic, or other materials. _
* Using compost reduces the need

for chemijcal fertilizers, which
helps prevent the creation
of more pollution.

* The size of your classroom
worm bin should be at least 134
square feet, and about 16 inches
deep.

¢ Good ventilation is essential
for aerobic decomposition and a
healthy environment for worms.

* Composting with worms is fun!

6. Let your worm bin rest by not
adding additional food for 1-2
weeks. This allows the worms a
chance to get used to their new
» Tear newspaper into 2" to 1" environment and for the food
wide strips (tear lengthwise, to begin to decompose.
with the grain}.

3. Prepare Worm Bedding:

7. For ongoing maintenance, feed
* Dunk newspaper strips in watel  eyery three to seven days, always
and add to bin. burying the food under paper.
® Add ahandful of soil and fluff. Do not overfeed. Bad smells or
o Toss everything like a big salad.  large amounts of uneaten food
4. Add worms and food: indicate overfeeding. Add more

paper as needed to cover food.
¢ Purchase or obtain about 1

pound of red worms (about 500
to 1,000 worms)

8. Harvest castings after three
to six months. (See “Harvesting

. a Worm Bin,” p. 36.)
e (ently place you worms in the

moist newspaper bedding near
the bottom of the bin.

e Put a handful or so of food
waste near the worms and cover
well with the moist newspaper
bedding.



Worms at School

7~ DON'T
OVERF EED
YOUR WORMS!

MAKE SURE You
HAVE PLENTY OF
BEDDING!/

225 g )

WHEN TO

Y @ lsTop
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SECURE LID

HERE ARE JUST A FEW “KITCHEN SCRAP" TYPE THINGS WORMS LOVE TO EAT/

D) B8 e @ 54D

APPLE ORANGE EGG SHREDDED TORTILLA COFFEE BREAD
CORES  PEELS SHELLS  PAPER.  CHIPS GRINDS TIELON  LETTUCE  ceiigy
® L IKE HUMANS,WORMS NEED , £ TO LIVE.
® SHREDDED PAPER PROVIDES THE FOR. WORMS TO LWVE IN.
® WORMS MAKE THAT CAN BE USED ON PLANTS.

Name: _ Date:




ACTIVITY

K2

Worm
Composting
Grades 2-12

Objective
Participants will:

* learn why worm
composting is impor-
tant to humans;

* record observations
of the worm bin
environment;

® describe the
elements redworms
require to live a
preductive life; and

» get hands-on expe-
rience with a worm
bin environment.

Time
20-40 minules

Worm Bin Exploration

Materials Needed

® Anactive worm box that has
been going tor at least 3 months

= Newspaper or paper plates

* Damp paper towels

* Magnifying boxes/glasses

* Toothpicks or Q-tips

* Paper and pen for each group

= Worms Inside and Out
Information Sheet (p. 35)

Baﬁkground
Information

The worm bin environment
includes worms, bedding, food,
worm box animals, moisture,

and more. Through exploration,
participants can learn what worms
need to live and how to go about
setting up a worm bin. Worms,
like humans, need air, water, and
food to live. A worm box should
be cool and moist for the worms.

Waorms are amazing animals.
Worms breathe through their skin
If their skin dries out, they will
die. Worms can eat more than half
their weight in food every day.
They have no teeth but grind

the food in their gizzard. Did

vou know that they don’t have
eves? Worms sense light without
seeing it

A worm box is an ecosystemn all

in itsell. There ate many other
animals that live in the bin besides
the red wigglers. You may see
mites, beetles, ants, or sowbugs,
to name just a few. All of these
animals are important and play

a vital role in your worm box.

Monagement Skills

This is a group activity that in-
volves working together. Children
will be in groups of four o six.
Kids tend to get very excited with
warms. Make sure the groups

are organized before handing

out Comprst.

* Look in the back of this booklet
for how this activity applies to the
Verment Framework of Standards
and Learning Opportunities.




Procedure

1. Introduce activity by soliciting
questions about worms from

the group.

2. Discuss the role of worms in the
s0il and how they help to recycle

3, Divide participants into groups
of four or six.

4. Designate one participant in
each group to be the reporter. The
responsibility of the reporter is to
write down cbservations and to
report to the whole group at the
end of the activity.

5. Hand out piles from the inside
of a worm box [on newspaper

or a paper plate), and toothpicks
or Q-tips.

6. Have the participants list all

of the things they see in the pile.

Can they see pieces of food?
What kinds? What kind of bugs
are there?

7. Ask reporters to read off
their list

8. Talk about what worms can
and can't eat.

9. Ask students to discuss and
record what they think worms
need to live, based on their
observations.

10. Use the Worms Inside and Out
information sheet (p. 33) to teach
worm anatomy

11. Finally, ask students how they
might create a home for worms
in their classroom based on their
observations.

12. Summarize by discussing what
worms need to live in a classroom,
what role they play in nature, how
they can help us by composting
our garbage, and how much plants
love their castings. Also, review
student questions to make sure
they were answered.
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ACTIVITY

-~

Worm
Composting
Grades 3-6

Objective
Participants will:

® harvest a worm bin
and learn about the
uses and benefits

of worm castings, and

* learn about the
role of earthworms
in nature and
composting.

Time
30-60 minutes

* Look in the back of this booklet
for how this activity applies to the
Vermont Framewori: of Standards

and Learning Opporturtities.

Hal'vesting a Worm Bin

Materials Needed

* Active worm bin

* Two tarps

* Two five-gallon buckerts
s Colander

* \Water

¢ Paper bags or re-used plastic
bags to fill with worm castings
for students

* Empty plastic beverage bottles

* 310 6 hand-held garden forks
or trowels

* Extra worm castings

Baekground
Information

Harvesting a worm bin allows
participants to see the magic of
the life cycle. By remembering the
kinds of foods or other materials
that were placed in the bin, partic-
ipants can marvel at the compost
(or castings) worms have made
Worm castings are very high in
available nitrogen, so they are a
high-qualitv organic fertilizer for
plants. There are several methods
for harvesting and evervone seems
to hawve a favorite.

Manngemcnt Skills

Since this activity involves
harvesting worm castings, it is im-
portant 1o have access to a worm
bin which has been fed for at least
three months, Itis assumed that
participants have had an introduc-
tion [0 worm composting,.

Participants will harvest worm
castings from a bin using three
different techniques. One five-
gallon bucket will be used for
the bucket method, and the other
bucket will be used for both

the sunlight and hand-picking
methods. The finished compost
can be used around school

or taken home.

Procedure

1, Before participants atrive,

set up three harvesting stations,
or choose just one method

1o demonstrate:

* Bucket method (requires a tarp,
bucket, and water)

« Sunlight method (requires a
tarp, bucket, and a sunny day
or bright light)

* Hand-picking (requires a tarp
and buclet)

2. Review worm composting with
students: What do worms eat?
How do they help us? How do
they help nature? Why is worm
composting important?

3. If it 1s a classroom worm bin,
ask participants what they have
been putting in the bin. Ask them
what they think has happened

10 the items they named.

4, Remind participants that worm
composting is a way of recycling
food scraps. Red worms eat food
that we would otherwise throw
away. The worm castings that are
left behind can be used as fertil-
izer to enrich the soil and feed



plants, Explain that the worm bin
is ready to be harvested. They will
be taking out the worm castings
to use as plant food.

5. Brainstorm uses for the com-
post that they will harvest today.
Answers might include putting it
on the lawn, around trees, or on
classroom plants,

6. Introduce the three techniques
of harvesting: the bucket method,
the sunlight method, and hand-
picking

s Bucket Method: Participants
place all contents of the worm

bin in a bucket. Gently pour cool
water in the bucket. The worms
will be okay for a minute or two.
Pour the contents of the bucket
through the colander. Retrieve the
worms and uneaten food and bed-
ding from the colander and return
them to the bin, The brown liquid
is compost tea that can be used

to water plants.

» Sunlight Method: Participants
mound compost in small piles

on the tarp and let them sit in

the sun or under a bright light for
a few minutes. The worms will
move 1o the center of the pile to
avoid the light The outer part of
each pile, now without worms,
can be removed and put in the
five-gallon bucket. As the castings
are removed, the newly exposed
worms will head to the middle out
of the light and the process can be
repeated until you are left with a
ball of worms. This ball of worms
can be returned to the worm bin.

» Hand-Picking: The participants
will sort through one big pile of

compost on the tarp, picking out
any warms they come across
and returning them to the bin.
Continue until the pile seems

to be relatively worm free

7. A fourth, slower technigue can
also be used, although it takes
several months to complete,

* Migration Method: Push all the
bedding, worms, castings, and
food in the bin over to one side.
Stop adding new food to that side.
Make sure Y2 of the worm box is
empty. Set up the empty side like
a new worm box with moist bed-
ding and dry bedding. Put some
food in the new side and keep
feeding that side {about % the
amount you usually do). After
the worms have eaten the food

on the old side they will begin

to migrate. You may have to wait
several months for this to happen.
Eventually, you will be able to
harvest the old side

8. Divide participants into three
groups and begin harvesting. You
may wish to rotate the groups so
that all methods are sampled.

9. When the harvesting is com-
plete, ask participants to compare
the various methods. What was
hard about the bucket method,
the sunlight method, and hand-
picking? What was easy? Which
one seemed to be fastest? Which
one would they like the best and
why? Which one did they like the
least and why?

10, Divide up the harvested worm
castings so that each participant
has a bag to use at school or home.
The castings will need to sit for
twao or three days before they are
ready, then they can be applied
directly to plants. The compost tea
may be put into empty beverage
bottles and used right away.




ACTIVITY

o L

Worm
Composting
Grades 3-6

Objective
Participants will:

s write and illustrate
a guide to setting up
and maintaining
a worm bin, and

e review the basics
of worm composting.

Time
Ongoing

Making a Guide
to Worm Bins

Materials Needed
* Paper

¢ Crayons, markers,
or colored pencils

e Used cereal boxes for cover

e String or ribbon

Baekground
Information

Worm composting is making its
way into classrooms across the
nation. Worms help us to recycle
our organic materials and keep
them out of the landfills. They
are also a fun learning tool. By
teaching others about worm
composting, participants can
become worm experts. Everyone
can benefit by having a worm box.
This exercise helps participants
spread the word about worms!

Management Skills

This activity is a good follow-up
to “Setting Up a Worm Bin”
(p.30). Before undertaking this
activity, participants should have
a basic understanding of worm
composting. This exercise can be
used to reinforce previous lessons
on worm composting, and is an
excellent opportunity for your
students to teach others about
WOTImM COmposting.

Procedure

1. Explain that guides are a way
that people learn to do things they
have never done before. Guides
teach people how to repair a car,
build a house, program a computer,
make a kite, and set up a business.
Today, the class is going to begin
creating guides of their own. Their

* Look in the back of this booklet
for how this activity applies to the
Vermont Framework of Standards
and Learning Opportunities.




guides will be about how to start
and maintain a worm bin for

composting food scraps. Each page

will have text and an illustration.

2. Review a list of important facts
about worm composting and the
importance of worms in nature.

3. Decide upon 12 different
sentences about worms that

will go in the guide as captions.
Examples are: “Worms help eat
my garbage,” or “Worms need air,
water, and food to live.”

4. Give three pieces of paper to
each student. Fold in half and
write captions on the top. Once
all the captions are written, they
can begin illustrating.

5. Each participant can begin
work on their own guide. Have
the participants illustrate each
page of text.

6. When the guides are finished,

use cardboard and string or a piece

of paper for a caver,

-39_

7. If possible, arrange a presenta-
tion about worm composting for
another class so the students can
use their guides and show their
worm boxes.

Source: Project YES, East Bay
Conservation Corps



STRAW DECOMPOSITION: SEQUENCING THE EVENTS

Decomposition is the natural process of dead plant tissue being rotted or broken down into simpler
compounds. Invertebrates, fungi and bacteria are responsible for decomposition and are called
decomposers. The result of decomposition is that the building blocks required for life can be recycled.
As decomposers break down the residue, they return nutrients to the soil. These nutrients are then
taken up by the roots of living plants as it grows, so that organic material is naturally recycled.

Many plant species complete their life cycle and die within a year. For wheat straw, it takes about two
years for the residue to decompose. If all the organisms on the earth that died did not decay and rot
away, the earth's surface would soon be covered in a deep layer of residue that would remain intact.
Dead organisms become food or a habitat for other organisms to live on. The lives of many decomposer
organisms rely on the death of others. The process of decomposition is essential for recycling.

The objective of this study is to investigate the different stages of plant decomposition. Sequencing is a
fun game for kids. The sequencing exercise shows that with time the straw is degraded into organic
matter.

Prep Time: 15 minutes
Classroom Time: 10 minutes

Materials Needed
e Clear plastic bags
e Dried plant material at various stages of decomposition. The best number of stages is five to six;
otherwise the sequencing is too easy
e Various colored construction paper cut into symbols

Pre-class Activity
e Fach student or pair of students should get one complete set of decomposition
e Place each stage of decomposition in separate bags
e Add a different colored symbol cut out of construction paper into each of the bags
e Place each complete set in another larger bag

Classroom Activity:
1. Give each student the set of bags
2. Have the students make observations about the residue in the bags
3. Then ask them to put them in order of what happens to the plant material during
decomposition
4. Talk about decomposition and the biotic and abiotic types of decomposition




SOIL ORGANIC MATTER

Organic matter is the foundation of soil health, even though it usually makes up less than 5% of the total soil volume.
Organic matter improves soil physical properties, increases water-holding capacity, increases nutrient availability and
acts as a cementing agent for holding soil particies together. Higher organic matter soils warm faster in the spring and
are better able to resist crusting. Organic matter can be maintained by incorporation of crop residues, crop rotation,
and addition of animal and green manures when possible. Addition of organic matter ensures a productive soil and
stimulates plant growth by providing food for microorganisms. Organic matter also helps water infiltrate quickly
allowing more water to flow into the soil than to flow across the surface and away.

Macrofauna and microbes directly influence organic matter formation, because they are nature's recyclers. When
something dies (and even when it is living), the macrofauna and microbes use the plant material as food for their
growth. Mites, earthworms and other macrofauna break the big pieces of residue inta smaller pieces. Micrabes break
down the large compounds in the organic residue and change them into simpler, smaller compounds. This recycling into
simpler compounds provides food for ather microbes, macro-organisms and plants.

The objective of this study is show the decline of so0il organic matter (SOM) over time due to cultivation.

Prep Time: " 30 minutes
Classroom Time: 10 minutes

Materials Needed

o}

5]

-4

Clear containers (3)

Dried compost or dried organic matter

Labels for the Container:

Soil Organic Matter: 1880s or native

Scil Organic Matter: Today

Soil Organic Matter: After 10 years of conservation tillage

Pre Class Activity

L

Classroom Activity:

Using boaks or online sources, find the percent SOM of native, present day and minimum tilled levels of organic
matter for your area

Place the dried material into each of the containers

Knowing the volume of your containers, place the equivalent amount of compost material into the jars to
represent the levels of organic for a given area. This will represent the decline in SOM over time and how direct
seed increases organic matter by reducing tillage.

For example, in the Palouse region of Washington State the SOM levels in 1880s was approximately 3.5%. Today
with excessive tillage those SOM levels have dropped to 1.7%. Conservation tillage practices over 10 years can
build up the SOM to 3.2%.

1.
2.

Have the students make observations about the residue in the jars

Ask which jar, if filled with soil to the top of the container, would be the best fora
plant to germinate and grow (the one with the most orgunic matter would support
plunt growth the best)

Talk about erosion and its impact on saoil organic matter




Grade level
K-12

Subjects
Science, Namral
Systems

Teaching Time
One hour for set-up
and weekly mainte-

hance

Skills
Observation, Math

Materials
Container for bin,
hand rake or trowel
for burying food
waste, red worms,
newspaper, leaves
and/or cardboard,
andsoil. See “tips”
for each procedure.

COMPOSTING:

OBJECTIVES

R orm
ecycling

Students will learn how they can take one more step with recycling, and also

IE.EH.'I'I morre ahuut narun:'s Vl‘l"'-iiﬂl'l nf I'CE}"I:Z' lﬁg

PROCEDURE

Making the Bin

For classroom demonstration purposes, start with a
container that is at least 2'x3'x2", Lot of different
containers can be used, but whatever container you
choose, it must have these three characteristics: 1) be
dark inside, 2) have a good lid, and 3) have air holes
andfor drama.gt. A good lid is one that covers the
top, but does not have to arrach securely 1o the
I:f.‘r[l.tilitll:l’. .ﬁ.‘lr huiﬁ are "'Ctdfd ﬁumfw}uffc o0n :hf.'
container in the lid, sides, or bottom (if the con-
rainer is off the ground.) For example, if you have
chosen to use a “Rubbermaid” storage tub, poke

holes in the top half of the sides, all the way around,

abour 3-4" apart

Setting up the Worm Bin

You will need some “bedding” materials to
provide the worms with a balanced dict and
a damp place to live. Many materials can
be used, but the easiest to acquire are
shredded newspaper, leaves, soil and water.
Step 1: Shred newspaper and immerse in
water,

Step 2: Squish the excess water our of the
newspaper and pull it apart so it is nice and
loase.

Step 3: Gather some non-waxy, brown
leaves (or cardboard picces).

Step 4: Mix the leaves and damp newspa-
per together in the bin.

Step 5: Think of the bedding materials as a
salad. The leaves and newspaper are the

TIPS
Use:
A wood box or old drawer
An old Styrofoam cooler
A plastic storage tub
A halved barrel

Don't use:

An old aquarium

A clear plastic storage container
® A cardboard box

TIPS

Do nort use glossy or waxy paper or waxy
leaves (i.e. laurel leaves, thododendron leaves

or pine needles).

1f no brown leaves can be found, shredded
and moistened cardboard can be used.

If using a wood box, place a piece of black
plastic over the bedding marerials to retain
maoisture,

To absorb excess motsture, add dry shredded
newspaper to the bedding of a plastic con-
tainer that is collecting water.

greens (lettuce) and the soil is the dressing. Pour soil onto the leaves and newspaper and “toss the

salad!™
Step 6: Add the worms!



COMPOSTING:
Worm Recycling

Feeding the Worms

Feed your worms frequently (once or twice a week) by burying the
food waste in holes dug in the bedding, Bury the
scraps in a differenc spot each time to provide the
worms with a balanced diet. ALWAYS cover the
food wastes with a few inches of damp bedding

material. This will discourage flies and odors, The

amount of food will vary depending on the size of

the bin and the number of worms. To be safe, start our feeding

the worms one 16 oz, margarine container of food waste once a

week. Ifitis being eaten, increase the amount of

food or the frequency that the worms are fed. .‘ﬁ_

I there is too much food, the worms ’

won't be able to keep up, so add less.

When to Harvest the Bin

o Keep asupply of newspaper and leaves nearby.
Each time you feed the worms, add a lictle bit of
damp bedding material (1 or 2 handfuls).

o What to feed the worms: vegetable scraps, grains,
fruit scraps including rinds and peels, breads,
coffee grounds and filters, rea bags.

o Whart not to feed the worms: Meat, fish, cheese,
oily foods, butter, animal products.

e Bury, bury, bury the food wastes.

How do you know when your dassroom worm bin is ready ro harvest! After 1-2 months of feeding the
worm bin, the bedding material will start to darken in color. In 2-3 months, the bedding material will begin
to disappear. Most worm bins are ready to harvest afier 4-6 months. Harvest? Harvest what? The good
stuff that the worms produce: the “vermicompost™ or “worm castings.” The vermicompost or castings are

great fertilizer. They are like vitamins for your plants!

How to Harvest the Bin

First, lay a large plastic sheet ousside in the sunlight. Dump the contents of your worm bin
4 onto the tarp and divide the marenal into cone-shaped piles. The
B 2P, worms will go to the botrrom of each pile away from the light. Remove the wop

5 r‘:.ﬁ;{a‘* and sides of the piles and put that into contamners. You'll have lots of worms left in the bottom

center of each pile.

What to Do with the Worms

Gather the worms from the piles and put them aside in a bucket or container. [n the meantime, prepare another supply
of bedding in the empty worm bin. Add the worms to the new bedding and starr all over again!

Also, the red wrigglers make grear fishing worms!

What to Do with the Castings

Use the castings in the garden. Sprinkle them around plants as mulch or mix with potting soil in
planters. Don't worry if there are some worms left in the castings. The worms will find new homes

in the garden.

Excellent Resouces
Books:  Worms Eat My Garbage and

Warms Ear Our Garbage (a reachers guide with student worksheets and activities)

by Mary Appelhof,

Websites: www.wormdigest.org
wWwwW. Wolmwoman.com
www.cityfarmer.org/wormcopm61.heml




Name Date

Warming up to Worms

; Place your worm on a damp paper towel
%c\ where you can gently observe it.

2. What shape is the worm? Describe it.

z. How does the worm's skin feel?

4. Gently turn the worm over. Is there a difference between the
top side and the bottom gide? Describe what both sides are like.

5. Can you tell which ig the front end of a worm and which is
the tail? How do you kKnow?




7. Does a worm have....

Eyes? B Ears?
Legs? R Nose?
Mouth?

8. How does your worm move? Does it ever move backwards?

9. Hold a worm in your hand. What does it do?

10. How long is your worm?




Particle Size Demonstration - Scoop on Soil

Soil Experiments

for the Classroom

Particle Size Demonstration

~ Add Sand Add Silt & Clay

Observe the difference in the clarity of the water. Sand vs. Silt & Clay

http://urbanext.illinois.edu/soil/less_pin/exp_ps/exp_ps.htm






Soil Air - Scoop on Soil

Soil Experiments
for the Classroom

All it takes is a can of spray polyurethane and Spray the clod and wait a minute or two before
soil clods to demonstate soil air. dropping the clod in a jar of water.

Air will bubble from seme clods for up to 20

Drop the clods gently, and watch the bubbles. .
minufes or more.

http://urbanext.illinois.edu/soil/less pln/exp_air/exp_air.htm



Soil Air - Scoop on Soil )

Soil clods from surface soils from orchards, Seil clods from subseils, or soils from
pastures, and lawns generally will have a high conventionally cultivated fields will generally
soil air content. have lower soil air contents.

< Return to Lesson Plans >

< Return to Main Menu >

http://urbanext.illinois.edu/soil/less_pln/exp air/exp_air.htm



Aggregate Stability

Aggregate stability measures the amount of stable aggregates against flowing water. It is recom-
mended that aggregate stability be determined on the top three inches of surface soil. The soil
sample should be air-dried before determining aggregate stability.

Materials needed to measure aggregate stability: Did You Know?
. . ) Soil aggregates protect organic
‘ 2-mm sieve (3-inch (?Iamet;er) matter %vitlgnn ‘thzir structué;e
° 0.25-mm sieves (2.5-inch diameter) from microbial attack. Forma-
° terry cloths. . tion and preservation of aggre-
° 400-watt hair dryer and drying chamber gates allows organic matter o
° calgon solution (about 2 thsp of calgon be preserved in the soil.
per 1/2 gallon of tap water)
° bucket or pan
o scale (0.1 g precision)
. distilled water

Considerations: If the soil is moist, air-dry a sample before determining aggregate stability.
When taking a soil sample, care should taken not to disrupt the soil aggregates.

@ Sieve the Soil Sample

Transfer about a 1/4 cup of air-dried soil to the 2-
mm sieve. Shake the sieve gently and collect the
soil passing through the sieve. Try to pass all of the
soil through the sieve by gently pressing the soil
through with your thumb (Figure 8.1).

(2)  Weigh Sieved Soil Sample

Figure 8.1

Weigh the 0.25-mm sieve, and record its weight on
the Soil Data worksheet. Weigh out about 10 g of
the sieved soil from Step 1 (make sure the soil is
mixed well before taking a subsample). Record the
exact weight on the Soil Data worksheet.

Terry cloth

. .
P

\

Sieves

@ Slowly Wet the Soil Sample in Sieve

Saturate one of the terry cloth sheets with distilled
water and lay it flat. Place the 0.25-mm sieve
containing the soil on the wet cloth, allowing the
soil to wet up slowly (Figure 8.2). Wet the soil for five minutes. Figure 8.2

NOTE: A container (bucket or pan) of distilled water is needed for Step 4. The water tem-
perature should be at or near the temperature of the soil.



Wet Sieve the Soil

o Place the 0.25-mm sieve with soil in the container filled with distilled water, so that the
water surface is just above the soil sample.

= Move the sieve up and down in the water through a vertical distance of 1.5 cm at the
rate of 30 oscillations per minute (one oscillation is an up and down stroke of 1.5 cm in
length) for three minutes. Important: Make
sure the aggregates remain immersed in

water on the upstroke. et

Dry Aggregates !
After wet sieving, set the sieve with aggregates on a )

dry piece of terry cloth, which will absorb the Fs \ -
excess water from the aggregates in the sieve. Then

) v drying chamber
place the sieve containing the aggregates on the
drying apparatus (Figure 8.3). Allow the samples
to dry using the low power setting. Figure 8.3

NOTE: Be careful when drying the soil to prevent particles from blowing out of the sieves. It
may be necessary to put a cover over the top of the sieves to keep aggregates in place.

@

Weigh Aggregates

After drying, allow the aggregates and sieve to cool for five minutes. Weigh the sieve
containing the aggregates. Record the weight of the sieve plus aggregates on the Soil Data
worksheet.

Disperse Aggregates in Calgon Solution

¢ Prepare calgon solution. Immerse the sieve containing the dried aggregates in the
calgon solution (do not completely immerse the sieve). Allow the aggregates in the
sieve to soak for five minutes, moving the sieve up and down periodically. Only sand
particles should remain on the sieve.

» Rinse the sand on the sieve in clean water by immersing the sieve in a bucket of water
or by running water through the sieve.

Dry and Weigh Sand

< Remove excess water by first placing the sieve containing the sand on the dry terry
cloth, then placing it on the drying apparatus. Allow sand to dry.

« After drying, allow the sand and sieve to cool for five minutes. Weigh the sieve con-
taining the sand. Record the weight of the sieve plus sand on the Soil Data worksheet.

CALCULATIONS:

Water Stable Aggregates (% of soil > 0.25mm) = (weight of dry aggregates - sand) x 100

(weight of dry soil - sand)



Soil Quality Information Sheet

Soil Quality Indicators: Aggregate Stability

USDA Natural Resources Conservation Service

April 1996

What are soil aggregates?

Soil aggregates are groups of soil particles that bind to
each other more strongly than to adjacent particles. The
space between the aggregates provide pore space for
retention and exchange of air and water.

What is aggregate stability?

Aggregate stability refers to the ability of soil aggregates
to resist disruption when outside forces (usually associ-
ated with water) are applied.

Aggregate stability is not the same as dry aggregate
stability, which is used for wind erosion prediction. The
latter term is a size evaluation.

Why is aggregate stability impor-
tant?

Aggregation affects erosion, movement of water, and
plant root growth. Desirable aggregates are stable
against rainfall and water movement. Aggregates that
break down in water or fall apart when struck by rain-
drops release individual soil particles that can seal the
soil surface and clog pores. This breakdown creates
crusts that close pores and other pathways for water and
air entry into a soil and also restrict emergence of
seedlings from a soil.

Optimum conditions have a large range in pore size
distribution. This includes large pores between the
aggregates and smaller pores within (he aggregates. The
pore space between aggregales is essential for water and
air entry and exchange. This pore space provides zones
of weakness through which plant roots can grow. If the
soil mass has a low bulk density or large pore spaces,
aggregation is less important. For example, sandy soils
have low aggregation, but roots and water can move
readily.

How is aggregate stability mea-
sured?

Numerous methods measure aggregate stability. The
standard method of the NRCS Soil Survey Laboratory
can be used in a field office or in a simple laboratory.
This procedure involves repeated agitation of the aggre-
gates in distilled water.



An alternative procedure described here does not

require weighing. The measurements are made on . -
ah%dry soil %hat %as passed through a sieve with 2- What influences aggregate stability?
millimeter mesh and retained by a sieve with a 1-

millimeter mesh. A quantity of these 2-1 millimeter The stability of aggregates is affected by soil texture
aggregates is placed in a small open container with predominant type of clay, extractable iron, and extract-

a fine screen at the bottom. This container is placed able cations, the amount and type of organic matter

in distilled water. After a period of time, the con- present, and the type and size of the microbial popula-
tainer is removed from the water and its contents tion.

are allowed to dry. The content is then removed
and visually examined for the breakdown from the
original aggregate size. Those materials that have
the least change from the original aggregates have
the greatest aggregate stability.

Some clays expand like an accordion as they absorb
water. Expansion and contraction of clay particles can

aggregates.

shift and crack the soil mass and create or break apart
Calcium ions associated with clay generally promote

aggregation, whereas sodium ions promote dispersion.

Soils that have a high percentage of silt often show
lower aggregate stability if measured air-dry than
the field behavior would suggest, because water
entry destroys the aggregate structure.

Soils with over about five percent iron oxides, expressed
as elemental iron, tend to have greater aggregate stabil-

ity.

Soils that have a high content of organic matter have
greater aggregate stability. Additions of organic matter
increase aggregate stability, primarily after decomposi-
tion begins and microorganisms have produced chemical
breakdown products or mycelia have formed.

Soil microorganisms produce many different kinds of
organic compounds, some of which help to hold the
aggregates together. The type and species of microor-
ganisms are important. Fungal mycelial growth bind.
soil particles together more effectively than smaller
organisms, such as bacteria.

Aggregate stability declines rapidly in soil planted to a
clean-tilled crop. It increases while the soil is in sod and
crops, such as alfalfa.

(Prepared by the National Soil Survey Center in cooperation with the Soil Quality Institute, NRCS, USDA, and the National Soil
Tilth Laboratory, Agricultural Research Service, USDA)

The U.S. Departinent of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national
origin, age, disability, and where applicable, sex. marital status, familial status, parental status, religion, sexual orientation, genetic
information, political beliefs, reprisal, or because all or a part of an individual's income is derived from any public assistance program. (Not all
prohibited bases apply to all programs, ) Persons with disabilities who require alternative means for communication of program information
(Braille, large print, audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD).

To file a complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C.
20250-9410 or call (800) 795-3272 (voice) or (202) 720-6382 (TDD).
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This Land is Your Land

Ann Kennedy, Tami L, Stubbs, Jeremy C, Hansen

Soil is all around us, in fact there is so much of it that we often don't
think of it as a valuable natural resource, and we might even take it for
granted! We rely on its productivity for our food and fiber and its
firmness to support our buildings and roads. Rain and wind can cause

soil loss or erosion when there are no plant roots or surface cover to keep

soil in place. Farmers want to prevent erosion to preserve high-quality
topsoil that contains organic matter and provides nutrients for crops. Construction and some forestry
techniques can lead to erosion that causes the negative effects of sediment buildup in waterways, damage
to land and structures due to runoff, degradation of water quality, and reduced air quality because of wind-

borne soil particles. We can conserve soil and reduce rates of erosion by planting grass, trees, or other

tpitwrwinsid. orp/main/news/stories’stience und childrew plipfnews story ID=52973&printwyes (| of $I252006 3:00:25 I'M



This Land is Your Land

plants to protect the soil from movement. Farmers can reduce erosion by planting with little tillage

(digging) and leaving crop residues on the soil surface.

With this series of active-learning exercises, vour students will practice scientific inquiry 1 5 C,‘

while learning about soil as a valuable resource. After demonstrations on the amount of 4 INKS.
soil covering Earth and how it is retained/eroded, students work creatively as “farmers" to | Explore the
prevent soil erosion and save their farm, learning about a real-world problem, These tOgI‘;:HGf =

lessons are appropriate for students in second through fifth grades. These exercises can be
completed in about 35 minutes combined, but don't be surprised if the students have so much fun building

their farms that they want to do it again!
Qur Thin Layer of Soil

Adults and children alike enjoy this visual example of just how little soil we have to produce the crops that

feed us and feed the animals that provide food and clothing for us. The materials needed are two apples of

similar size and a sharp knife. An adult should do this demonstration and keep the knife away /1 \
)

from students, CAUTIOM

Begin by showing students one apple to represent Earth. As the demonstration progresses, each apple slice
will represent different portions of Earth. Prompt older students to guess the fractions represented by each
slice. With younger students, we focus on the size of the apple and place less emphasis on the proportional

math. The procedure is as follows:

1. Slice the apple into four quarters. Three-fourths of the apple represents water—set aside.

2, Slice the land quarter in half, giving two 1/8 pieces, One-eighth of Earth is inhospitable to people
(polar ice caps or mountain peaks)—set aside; 1/8 of Earth is the land area upon which people live
and grow crops.

3. Slice the 1/8 portion in half, giving two 1/16 pieces. One-sixteenth of Earth is too cold, wet, rocky,
or dry to grow anything, especially food crops—set aside; 1/16 of the Earth can produce food for

humans and animals.

hitpsdwwnw nsta. org/main/news/Storiesselence and_childeen.php?news slory ID=529T3& printeyes {2 of B} 1252006 3:00:25 PM




This Land is Your Land

4. Slice the 1/16 in half again, giving two 1/32 pieces. One thirty-second of Earth is covered with
highways, parking lots, malls, houses, and cities, so we are left with only 1/32 of Earth that can be
used to grow food for humans and animals.

5. The soil that we can use to grow food is even less. Carefully cut the peel off the 1/32 section, and
compare if to the whole apple. This represents the surface of Earth and the soil that is used to grow
food for humans and animals. We grow food in the top couple feet (that’s less than one meter!) of
soil surface.

6. Ask students why soil is important to us. Students will volunteer that we grow food in soil. Discuss
that almost all food is grown in or raised on soil. Ask the students where hamburgers, french fries,
and milk come from. Cattle and dairy cows graze on plants growing in soil. Ask students how large
they think Earth’s population is (about 6.5 billion people). Reinforce that the 1/32 section is all we
have to feed Earth’s population, and that the population continues to grow, but the 1/32 slice will
never grow any larger; so it is the responsibility of all of us to protect the soils of the 1/32 slice.
Point out careers in soil science, agriculture, and engineering. Agricultural scientists want to learn

more about soil to help people protect their soils and grow crops.
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Now that students have an idea of the small amount of soil available for farming, they can see another
demonstration that shows them how this soil is conserved and what detrimental effects can occur if it is

not.

Discuss the causes of erosion with students. Ask if anyone knows whether soils move; if so, how? Does
anyone know what erosion is? Ercsion is the movement of soil due to wind, watey, or other means. Talk
about how one of the ways soil can move is by the force of water from rain runoff. Ask what happens to
rainwater. Rainwater is absorbed into the ground or flows across the surface of the land as runoff. What is
carried with the water? The answer is soil. This movement of soil by rainwater is erosion. Where does the
soil go? The soil is moved from the fields growing our food into ditches or roads and then into the rivers,

where it cannot be used to grow crops. Ask students what they think keeps soil from washing away (plants

http:/fwww.nsta.org/main/news/stories/science_and_children.phpnews_story_ID=52973&print=yes (3 of 9}i2/5/2006 3:00:25 PM
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and plant roots). Maintaining plant cover on the ground (and intact plant root systems below-ground) is
the most effective way to prevent soil erosion. In this demonstration, the water we apply to the shoeboxes
demonstrates how rainwater can erode soil. Students collect and compare “runoff” from a shoebox “soil

system” and also make the connection between soil ercsion and water quality.

Ahead of time, you will need to prepare three plastic shoeboxes of the same size using regular y /
garden soil to fill boxes two-thirds to three-quarters full. (You'll need about 3 L of soil per box.) Cilirrio
Soil from a garden or lawn works best if you are sure it is not contaminated. Potting soil does not work as it
éometimes contains perlite, which floats, but you can buy sterile garden soil inexpensively. No matter what
type of soil is tised, malke sure students wash their hands after the activity. Boxes need to contain soil with
varying degrees of plant cover: loose soil with no plants growing and no cover; soil with no plants growing
and some type of cover (either straw or dried leaves); and intact soil with plants having well-developed
root systems, like lawn sod. We cut a piece of sod from a lawn. The lawn sod works the best because an

extensive root system has developed. On the day of the demonsiration, you will need:

o Four 500 mL clear plastic containers—one to deliver water tc the shoeboxes and three to collect the
runoff;
o Three 5 cm x 10 em blocks about 15 cm long; and

o A sink or washbasin to collect excess water.

A designed landscape hefore water was applied. This demonstration may be set up ahead of time. Begin
by ptacing one end of each shoebox on a block so that the
shoebox is on a slant and one end is 10 cm high. Measure
250 mL of water in a beaker. (The amount of water
needed to create runoff will vary depending on the
moisture in the soil and could be 150 to 500 mL or more.
It is best to do a test run. It is not necessary to let the soil

dry out after your test, just make sure there is no

Photograph courtesy of the authors standing water on the soil surface.)
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Discuss with students that you are using the same amount of soil and the same amount of water so that
you will have a fair test. Have students predict what they think will happen and what the runoff from each
of the three boxes will look like. Most of the students can reason that the exposed soil will wash away with
water, but not all will be sure that surface residue can divert the water and cause less soil to move. The

students also are not sure that the roots will hold the soil.

Pour the 250 mL of water at the elevated end of each A designed landscape after water was applied.
shoebox, in the center and at the same height above the
box, again pointing out that the procedures must be the
same for a fair test. Have student volunteers collect the
runoff water into a clear container. The students will
record the volume of the water and what the runoff water

looked like (1.e., clear, a little muddy, or very muddy).

The box containing plants with an intact root system will Photograph courtesy of the authors
show less soil in the runoff water compared to the soil with

minimal covering and the bare soil, which will have very muddy runoff. Ask students which type of soil
system they think would result in the least erosion. Most students can visually see the amount of soil in the
containers. They are ready to move onto the next activity when the class agrees that the best way to hold

soil in place is by roots or some surface cover. You can also discuss how other features of the land (i.e.,

rocks, hills) might affect erosion.

Next, ask students how erosion might affect bodies of water. For example, which beaker of water would
you want to swim in if you were a fish, and why? (Note this may depend on the type of fish—catfish prefer
muddy water, for example.) What type of runoff would you want if you were a farmer—emphasize that

farmers want to keep their soil on the land—this leads info the next activity.
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‘rotecting Farmiand

Now students are ready to put their knowledge about erosion to the test. Let students know that now they
will each have a chance to be “farmers” with their own “farm” and protect their buildings. In this activity,
students are responsible for designing and building a farm on their own land—a plastic shoebox filled with
sand. (Sand, being more dense, is easier to work with and easier to clean up than soil or potting material.)
The objective of this exercise is to protect the buildings and crops of the farm so that they are not flooded
or washed away. This exercise iilustrates the importance of root systems and landforms (rocks) in
protecting soil. Most of the students can reason that the rocks will divert the water, but not all will be sure

that the roots will hold soil.

Provide each student or pair of students with a plastic shoebox partially filied (two-thirds full, about 2.4 L
per box) with moist sand and one 5 cm x 10 cm block about 15 cm long. Provide each student or pair of

students the following landscape objects:

¢ 5 buildings representing the different buildings on a farm, such as Monopoly houses or blocks of
styrofoam or light wood about 2 ¢m square;

o 4 1o 5 rocks of different sizes to represent boulders or hills;

¢ 2to 3 pieces of old sod, pompoms, artificial turf or doormat from a discount store cut in 3 to 5 em
square pieces to represent roots of a growing crop or plant;

o 210 3 pieces of Spanish moss or straw pieces from a craft supply store that will represent surface
residue or bushes; and

s 3 Or 4 trees from plastic floral arrangements or Christmas garlands. They work best if they have

some part that can be used as roots. Pine garlands can be used as trees with roots.
Finally, you will need:

¢ Water;
« 500 mL containers for each student or pair of students;

» Bigtubs or trays to catch water if working indoors;
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Paper towels for cleanup; and

= Data sheets.

The procedure is as follows:

1. The students place one end of their shoebox “farm” on a block about 10 em high. The uphill end will
be where the “rainwater” is poured. Students need to leave about 5 c¢m at the top and bottom with
no landscape pieces for the water to collect, The students should think about which material would
best protect their buildings and crops, while diverting the water or holding soil. Some studenis wiil
want to dig drainage ditches to protect their farmstead —that is not allowed! Any sort of a ditch
diverts water away from the landforms and students fail to understand the purpose of the exercise;
also this is not widely practiced in real life.

2. The students then arrange the pieces on the surface of the soil. Buildings should be placed on the
soil surface and not clustered together. The only pieces to be embedded in the sand are the sod,
rocks, and the “roots.”

3. The students draw a diagram of the farm on a data sheet. They should make predictions of what
will happen when the water is poured, what will stay where it was placed, and what will move.

4. The students measure water in a beaker (150 mL). (The amount of water required to create runoff
depends on the amount of moisture you add to the sand. It is a good idea to perform a test run
ahead of time to make sure that the volume is enough so that water drains into the bottom of the
shoebox). The water is poured in the middle of the uppermost portion of the shoebox in a steady
stream, using the same procedure as in the previous demonstration. If time permits, have students
pour the water one shoebox at a time so they can observe each other’s results. They should

complete their data sheets by drawing an “after” diagram of the farmstead.

The activity is followed by a discussion of the results. The students describe what happened to their
landscape and if it was what they had predicted would happen. Discuss the importance of plants and roots
in reducing erosion. The aboveground part of plants can reduce the force of rainwater hitting soil and

reduce runoff. Roots can either hold the scil in place or absorb water to reduce the amount of water
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running off. In turn, plants rely on the soil for air and water the soil provides to grow. Students can
redesign their farmsteads and repeat the experiment. Additional dry sand may need to be added to soak up

standing waler.

A successful farm would be one where students were able to protect their crops and buildings from being
washed away. It is interesting to listen to students comment about their own farms, backyards, and what
they have seen on television. There is usually one student in every group that tries their best to have their
buildings wash away! In that case we use that as an example of what didn't work, while asking students to
point out the things that did work best. We end by tying all three activities together with student seif-

assessment questions (Figure 1).

Figure 1.

Assessment questions,

1. What can you do to help stop soll erosion &t your house or on your fanm?
Plant treas or grass

2 |f a farmer came to you for help in slopping ercsian on their land, whatl would you tell them?
Try nol to 1l or dig up the ground, and leave some plant materal on (he sall surfece.

3, Whal was the most important thing you learned today?
That there [zt very. much soil lo feed sl the people and animals on Earth, so we need 1o lake care of what
wa have.

4, What part did you mast enjoy’? Why'?
Seeing hiow to protec! farms. Liked gelting dirly, liked seeing he houses flood and move

5. What other questions do you have about soil erosion or soil consarvation?
What are other ways to protect houses?

Encourage students to observe their backyard or the landscape as they drive with their parents. Notice the
color of the water of a nearby stream or waterway after a heavy rainstorm. Do they see any examples of

erosion? How might they apply what they learned from this activity to protect soil?

Ann Kennedy (akennedy@wsy.edu) is a soil scientist at the ISDA Agricultural Research Service in

Pullman, Washington. Tami L. Stubbs is an associate in research at Washington State University in
Pullman, Washington. Jeremy C. Hansen is a biological technician at the USDA Agricultural Research

Seruvice in Pullman, Washington.
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