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SOIL BIOLOGY CLASSROOM ACTIVITIES

For more soil biology information see The Soil Biology Web Page (from the NRCS Soil Quality Institute) at
http://www.statlab.iastate.edu/ survey/ SQI/.

Soil Biology Classroom Activity #1
EARTHWORM FARM

DESCRIPTION

Set up an earthworm farm and watch how earthworms
bury surface residue and mix soil.

LESSON

Earthworms are significant for mixing soil, increasing
decomposition of plant material, and improving water
infiltration and water holding capacity.

BACKGROUND

Some earthworms are native to the US, but many species,
including Lumbricus terrestris (the night crawler), were

introduced from Europe. Most prefer well-aerated, moist
soil. Earthworms are uncommon in arid areas, and sandy

soil. Ultraviolet light (sunlight) will kill earthworms.

Earthworms ingest soil and organic matter, get their
nutrition from the microorganisms living in the organic
matter, and then egest “casts” — a mixture of soil and
organic matter. Where earthworms are common, much of
the soil has passed through the guts of an earthworm.

The mechanical action of tillage kills some worms, but
more importantly, tillage removes the surface residue that
earthworms need for food and protection from desiccation
and predation. Earthworms especially like fungi, which
thrive in minimally-tilled soil.

Lumbricus terrestris has many common names including
night crawler, dew worm, and angleworm. They are one of
several species (called “anecic”) that form deep, relatively
permanent burrows. In contrast, “endogeic” species
meander around in the upper soll, filling their channels
with casts as they go. Both types are important for mixing
soil and improving soil structure.

Bacteria and fungi decompose organic matter. Worms
encourage decomposition by shredding plant residue and
mixing it with soil, microbes, and water.

Earthworms change the physical structure of the soil in
ways that improve the rooting environment for plants and

increase the amount of water held by soil. They create
burrows that speed the movement of water into and
through the soil and provide nutrient-lined channels for
root growth. They create casts that become stable soil
aggregates.

TIME AND MATERIALS

e one dozen night crawlers

e one or two dishpans, or deeper containers.
e soil to fill the container(s).

e dryplant material

e Allow at least one week for surface residue to
disappear and worm casts to appear. Allow several
weeks or preferably months to observe soil mixing.

PROCEDURE: Earthworms bury plant litter

1) Get a dozen night crawlers. Buy them from a bait
shop, or collect them from dark-colored, moist soil.

2 Fill one or two dishpans with soil. Use two pans if
you would like to set up an experiment in which one pan
has earthworms and the other is a control. However, for
demonstration purposes, a single container works fine. Fill
the pan(s) with any medium-textured soil. Do not use peat,
and do not use soil with much sand— it 1s abrasive to
worms. The soil should be kept moist, but not soggy.
Moisten the soil slowly, if needed. You may punch a drain
hole in the pan to insure that no water sits at the bottom.

3 Place 6 12 earthworms on the surface of one pan.

4) Sprinkle plant material on the surface. Use dry
leaves, grass clippings, or residue from a farm field. Make a
single thin layer leaving some soil visible. If you use two
pans, be sure both have the same type and amount of
material.

5 Make daily observations for at least a week. Look
for burrow openings, casts, and the disappearance of plant
material.



Earthworm farm (cont.)

VARIATION: Earthworms mix soil

1) Acquire a clear container(s). Build one or two plex
glass continers 2-3 ft. tall, 12 ft. wide, and 2-4 inches
from front-to-back (As in the first procedure, the second
container is optonal, butcan be used as a “control”.) Drill
drain hoks in the bottom.A fish tankwotks, but be
careful that waterdoes not colect in the bottomand
remember that the amountof soil will beextremely heavy.
A two lter bottk wih the top cu off may wok, but it may
be more difficult to keep the woms alive.

2) Find soil of two different colors. As mentioned
above, avoid sand and pat. Fill the continer(s) with 1”-2”
layes of altemating soil colors. A sand orclay hyercould
be added to see how wormsespond to bariers.

3) Add earthworms and plant material as in steps 3and
4 above. Add moe plant materal as it is consumed.

4) Observe. If youuse two contaners, the one wihou
earthwoms can be used br compatson as woms chang
the other If you use one containertake pictures
periodically, or mark the bcation of the onginal layess.
Youcan keep the system going, and watch ncreasing
amounts ofsoil mixng over months oryeas. If the womms
die, remove them if possible and add new ones.

HINTS

Do not ovetoad the system by usingoo many
earthwoms, too much surface residue, or too mwch water
You ae not makng a compost pilejyou ae imitatinga
farm field or forest floor.

Be sure the womms get plenty ofdarkness every day © they
can wok at the surface. If the contaner has clear sides,
keep it covered most of the tme to pevent akae growth.
The sides can be uncovered brefly each daypr for a
whok day occasonally.

A sick wom can inkct and kill thewholebatch. Avoidthis
by emovingdead woms quickly (ifpossible), and by
starting with heathy woms. They should be plump, quick-
moving and show no physical damag
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QUESTIONS FOR DISCUSSION

1) Whidh leaves will decompose faster—t hose buried
underground by worms, othose on the surice? Why?

Buried residue decomposes faster because 1) the worms have shredded
it into smaller pieces, so bacteria and fungi have more surface area to
work on, and 2) most bacteria need moisture. They cannot live on
the dry surface residue.

2) Earthwoms do not live eveywhere. What happens to
surface residue whewe ther are no woms?

Farmers do part of the work of earthworms by tilling residue into the
soil. In some deciduous forests with no earthworms, residue piles up.
In other places, ants, termites, beetles and other arthropods shred and
bury residue.

3) Why is earthwan activity helpdl?

They encourage decomposition, and therefore, the release of nutrients
for use by plants and other soil organisms. They improve the stability,
porosity and water holding capacity of soil. They improve water
infiltration by forming deep channels and improving soil aggregation.
They may improve root growth.

4) When migt eathwomns be undesirable?

In some places earthworms remove surface residue too quickly and
leave the surface unprotected from rain and wind. Some forest seeds
need a thick layer of plant litter to germinate and begin growing.

EARTHWORM INTERNET RESOURCES

A commerial site taigeted at K-8 students and teaches:

yucky.kids.disovery.com (click on Worm World)

Two sites fill of earthworm hcts:
res.agr.ca/lond/pmx/faq/earthworhtml
solum.soils.umn.edu/asearch/ars/mn_wom.htm

A worm farm variation:
res2.agr.ca/london/pmrc/dq/worm_frm.html

A commerciallymade worm box:
http://www.everythisgience.net/HS1236.html
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Soil Biology Classroom Activity #2
HOW FAST DOES IT ROT?

DESCRIPTION

Compae organic matterdecay n different soils.

LESSON

Decomposition is a biolagal poocess peformed by living
organisms. Soil and climate condtions detemine biological
activity and,therefore, decompostion rates.

BACKGROUND

Nutrients are contnuously tansformed and cyctd

through the environment.Decompostion by il

organisms is a critical part of these cycks. When phnts and
animak die, the compkx compownds that male up living
tissue decompose. Decomposition releases carbon dioxide
and nutrents, and makes the nuients available agin to
plants and otherorganisms.

Soil orgnisms also decompose would-be pollutants befe
they each groundwateror surface water

Decomposition is a sepwise process involving mostoil
organisms. Athropods and eathwoms shred materal and
mix it with soil. Then a few fungi with a paticular enzyme
break a specific compowund mto simpler parts. Then
different species of fungi or bactena can attackthe new}
created compounds, and so on. Each ganism gets
energy or nutrients fom the pocess. Usually, but not
always compownds become smpler after each step. Some
compounds cannot be boken down anydrther. Theymay
combme chemrally to become compéx, hard-to-degrade
organic compounds called humic substances. Humic
substances can pessist in soil for centuries and are
important br impovingthe capacity ofoil to hold
nutrents and water

Several factors affect the gowth ofmicroorganisms and
therefore the mte of decompostion n soil.

Oxygen: Most microbes require oxygen (aerobic
conditions). A éw are active only in anaebic conditions.
Tillageaerates the soil and emporarilyincreases
decompostion rates. Compacton reduces the ar in the
soil and the pace for larger organisms to move around.

Water: Soil organisms aregenerallymoreactive in moist
than diy soil. Soil is protected from drymg out if it is
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covered by phnt litter. Howeer, the phnt litter on the wil
surface will dryout morethan if itwere buried.

Temperature: Bacteria are most active between 7000°F.
Dark, baresoil will warm morequidkly in spring ompared
to lightcolorad soil or soil overed with plantliter.

Food: Most micobes need orginic matterfor energy and
nutients. Decompositionis faster when the bod is high in
nitrogen. (Generlly, young, green phnt residue has more
N than bown plant litte} Hawvesting plants and pots
from soil means less oganic matterleft to feed microbes.

pH: A pH of6 to 8 is prebrred by most bactera. Many
fungi prefer a lowerpH.

Soil can act as either a sink or a source of
greenhouse gases. An estimated 30 percent of
the carbon dioxide, 70 percent of the methane,
and 90 percent of the nitrous oxide released to
the atmosphere each year pass through the soil.

MATERIALS AND TIME

» several typesof plant materal

* net bag
* somethng to matk the bags’ locations
* shovel

*  Allow sampes to be buted for up to 2or 3 weeks.

PROCEDURE

1. Collect organic material, such as leaves, grass
clipping, residue from a field, orcotton fbric. Avoid
kitchen scraps which may awmat animals.

2. Divide the material into two or more identical
piles. It is imporant that each pile have the same
kind and sze of pieces, because some materals rot
faster than others.

Pack the residue loosely into net bags. The
purpose ofthe bagis to help you locate the buried
residue and carry t backto the chssroom.Purchase
nettingfrom fabric stores or use bag intended br
washingdelicate clothes. Do not use bagof tightly
woven fbric. You want small (Imm) arthropods to
get at the residue and help shred it.
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How fast does it rot? (cont.)

4. Choose places to compare. Identify several soilsthat
are managed differently. Youmight compae: a
wooded aea away fom a path,compacted ©il under
a path,a farm field, a lawn, a garden, soggy soil, dry
soil, darkeolored soil, lightcolored soil, a farm fiéd
that alwayshas bare soil between the cop phnts, and
a field that alvayshas plant residue or weeds covering
the soil surface. Predict whth phces have the mog
biologcal activity.

5. Bury the bags a few inches down into the soil. Be
sure each bagis buried to the ame depth.Mark the
locations.

6. Examine the results. After two orthree weeks dig up
the bag and judge whrh onesare the mog decayed.
If ther is little difference, youmay need to e-bury
them for another2 weeks or longer.

Alternative procedure
MATERIALS

* 3 X5 note cads or cotton hbric
* plastic bags
* trowelfor collecting soil

PROCEDURE

1. Collect soil samples. Choose sevenl different soils
to compae from the Ist in #4 above.
From each phce, use a trowelto scrape away any
surface residue and scoop soil into a labeled plastic
bag.

2. Add anote card. In each bag of soil, bury an
identical piece of note cad or cotton fbnc.

3. Make your predictions. Whid soil do you think will
have the most biologial activity and wll decompose
the note cad or fabric most quickly?

4. Examine the results. Aftertwo orthree weeks look
at the note cards or fabric. Whrh decomposd fastest?
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HINTS

Practice good scientifc method and chang just one
variable at a time. For exampk, if you want to study the
effect of moistue, choose soils that are identical expt for
the mosture. If youwant to sudy the efect of the kind of
material, besure to burysamples in identical soils that have
similar mosture contents.

The optimal lexgth of time for leaving sampls in the soil
varies from phce to phce. The first time you do ths
activity, allowtime to learn what is best in your siwation.

QUESTIONS FOR DISCUSSION

1) Where does decomposition oplant residue It in a
diagram of the food web/chain?

Only a fraction of plant matter is eaten by above-ground herbivores.
Most is consumed by the decomposers underground and enters the
complex network of organisms called the soil food web. Energy and
nutrients return to the above-ground food web when plants grow and
animals eat plants and soil organisms.

2) Whatcharacteristics of the soil will inaease biologial
activity and theefore decompostion rates? How do we
affect thoe chamnactenstics in the soil?

(See Background.)

3) What chancteristics oforganic matterdetermine how
fast it decays?

Compared to large pieces, small pieces have more surface area for the
bacteria and fungi to attack. Low nitrogen content relative to carbon
(high C:N ratio) will limit the activity of microbes. Woody materials
contain lignin and other compounds that are difficult to break down.

INTERNET RESOURCES

Catbon cycle:
http://libray.thinkquet.org/11226/

Nirogen cyck:
http://clab.cecil.cc.md.us/Atulty/biolog/jason/ nitrc.htm
http://www.bae.ncsu.edu/courses/bae578/nitrerg html

Organic matterand decomposition:
http://www.montana.edu/wwwpb/Adgaudr150.html
http://www.agic.gov.ab.ca/aglex/500/536-1.html
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Soil Biology Classroom Activity #3

WHAT LIVES IN YOUR SOIL?

DESCRIPTION OF ACTIVITY

Use two techniques to etract lage and small arthopods
from soil. Students may dentify the omganisms, estimate
numbes, or compate populations in dierent places.

LESSON

A wile variety oforganisms live under our feet and
perform important roles in the envmnment.

BACKGROUND

“Arthropods” is the name bra large group of
invertebrates with jointed (arthros) legs (podos). In the
soil, they may be mroscopic or several inches long, They
include insects (springtails, beetks, and ant9; crustaceans,
(sowbug); arachnids (spides and mites); mympods
(centipedes and millipeles); and scorpions.

Arthropods are impotant because they stimulate microbial

activity and enhance decomposition; they help canlypest
populations; and they improve soil stture as they
burrow thiough the il or excrete fecal pellets made of
soil and organic matter Good structure is important for
improving waterintake, drainage, and aemtion, thus
protectingsoil from ersion, and ceatinga good
environment br roots.

A singlesquare yard of soil maycontain 500 © 200,000
individual athropods and tens othundeds of different
species. Most live in the top £w centmeters of soil. A
Berlese (pronounced ‘bur LAY zee”) funnel can be used
to collect micoscopic athropods from soil. A pithll tmp
can be used to gtherlarger arthropods.

Pitfall trap

Burlese funnel
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Berlese Funnel

MATERIALS AND TIME REQUIRED

Troweland phstic bags for gathenng soil.

Large funnel (2-literbottle, or plastic milk j)g

2 mm mesh sceening

Jar or cup

Preservative (ethanol or 50:50 ¢hanol/water mix)
Incandescent, 60W lijt bulb and fxture

Dissectingmicioscope

Allow one weekafter set up to colect sampks.

PROCEDURE

1.

Gather soil samples Arthropods are easiest to ind
in soil hat is rardy disturbed by tillage notcompacted
by trafic, not teated with pesticides, not pevdically
flooded or dried out, and that has several different
kinds ofplants gowing Push away the suface litter
and digup about 1 liter ofoil from the top &w
centimetes of the soil. (In anotheexperiment, plant
liter can be used in plae of soil in a Belese funnél.)
Refrigerate sampleif you will notuse it rightaway.

Set up the Berlese funnel. Cut of the bottom of
the bottle omilk jugto make a finnel. Cut and place
the screen in the bottom ofthe funnelto hoH the soil.

It may hep to tape the edgs of the screen to the
funnel. Half fill he funne with soil. Set the funne
above a jar or cup with a bit adthyl alcohol in the
bottom. (Glyceol can be addedto reduceevaporation.)
Set up a desk lamp orhanga light bulb so the bare 60W
bulb is about 4 inches over the soil.

Collect the organisms. Leave the ligat bulb on br
3-7 days to dry out the soil. As the soil dries, organisms
will movedeeper into the soil and eventuallyfall ino
the alcohol. Avoid distiingthe setup and knocking
soil into the alcohol.

Examine the sample. Pourthe alcohol solution into
a petn dish and examine undera micioscope. Put black
paperand white papebehind the sample to higlight
different organisms. Identi the main goups of
arthropods. An identidation key is at
www.cals.ncsu.edu/ course/ent591k/ident.html
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What liwes in your soil? (cont,)

Pitfall Trap
MATERIALS AND TIME REQUIRED

e 2 1-to-4 cup sized container (e.g. a yogurt container)
e trowel
e preservative (optional)

o Allow one week after set up to collect samples.

PROCEDURE

1. Set up the trap. Choose a location that will not be
disturbed for a week. Dig a hole as large as the
container. Set the container into the hole so that the
rim is exactly even with the soil surface. If it is a bit
higher, organisms will walk around the edge and not
fall in. Smooth the soil up to the rim of the container.

2. Enhancements. If desired, you can fashion a roof
over the cup to keep out the rain and animals that
might eat the arthropods. You may add a preservative
(e.g. ¥ of an inch of non-hazardous antifreeze or
ethanol) to preserve the organisms and prevent them
from eating one another.

3. Collect the arthropods. Leave the trap in place for
one week, but check it daily, especially if you did not
use a preservative.

4. Identify the main groups of arthropods. An
identification key is available at
www.cals.ncsu.edu/ course/ ent591k/ident.html

VARIATIONS

By searching the internet, you can find other ideas for
making and using Berlese funnels and pitfall traps. (A few
are listed under “Internet Resources.”) Note that some of
the variations are more suited for use with leaf litter than
soil.

USDA Natural Resources Corseruation Seruce

QUESTIONS FOR DISCUSSION

1) For each method, how is the sample biased? That is,
which creatures will be caught and which will be missed?

The Berlese funnel aaptures species that are mobile and do not
desicaate easily. (E g, soft-bodied invertebrates sudb as larwe nay be
missed,). Winged critters nught escape from the top of the frunmel.

2) What role might each organism play in the soil

environment?

3) Why do we find more arthropods in some places than
others?

INTERNET RESOURCES

Another Berlese funnel description is in “Leaf Mold
Community.” This and other biology teaching materials by
Dr. Charles Drewes are at:

www.zg.lastate.edu/ ~_drewes/

“Arthropods of Pacific Northwest forests.”
www.ent3.orst.edu/ moldenka/

“The Ground Crew.” A Berlese funnel activity, including a
link to an identification key, and ways to use the data from
this activity. www.cals.ncsu.edu/course/ent591k/soil.html

“Population and Community Structure.” A lab activity
using a pitfall trap.

cas.bellarmine.edu/tietjen/ Ecology/ population_and_com
munity_structu.htm

“Schoolyard Pitfall Trap Experiment”
www.stclair.k12.il.us/services/scilit/ pitfal.htm

A single spade full of rich, garden
soil contains more species of
organisms than can be found
above ground in the entire Amazon
rain forest.

The U.S. Department of Agriculture (USDA) probibits 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 probibited 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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