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FOREWORD

Development of Agricultural Science Lab Activities is the result of MVATA Teaching Aids Committee
suggestions. The activities were developed to enhance Agricultural Science | and Agricultural Science |
courses for grades 9 and 10.

Much has been written about the value of experiential learning and the problem-solving instructional approach.
These activities are designed to enrich existing curriculum by providing additional lab-based activities for
Agricultural Science | and Il classes. Missouri Core Competencies and Key Skills have been identified in most
activities to encourage attainment of those educational outcomes. These 20 activities are cross-referenced
to related agricultural science competencies. This cross-reference is identified in each activity (Student
Outcomes and Scientific Principles sections), as well as in the Organizational Chart found in these introductory
pages.

This instructor guide and the corresponding student reference contain activities in the areas of: Animal
Nutrition, Animal Breeding, Poultry, Plant Science, and Crop Science.

Jim Welker, Supervisor
Agricultural Education
Department of Elementary and Secondary Education

Terry Heiman, Director
Agricultural Education
Department of Elementary and Secondary Education
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‘ Agricultural Research: Microscope Use \

One of the basic tools used by agricultural research
scientists is the compound microscope. This activity will
help you develop skills in using the microscope.

Activity Objectives:
1. Identify parts of the microscope.

2.  Adjust the microscope.

3. Prepare slides to study different organisms and
materials that affect agriculture.

Vocabulary Terms:
Arm - supports the body tube.

Base - supports the microscope.

Body tube - maintains a set distance between the
eyepiece and objective lens.

Coarse focus - moves the body tube up and down.

Coverslip - thin piece of glass or plastic that is placed
over the specimen on the slide.

Diaphragm - regulates light from the mirror or light
source.

Eyepiece - contains lenses for magnification.
Fine focus - focuses and sharpens the image.
Mirror or light - provides light to illuminate specimen.

Nosepiece - contains high- and low-power objective
lenses.

Objective (lens) - the microscope lens nearest to the
object observed; focuses light to form the image of the
object.
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Resolution - capability of a microscope to provide fine
detail.

Slide - small glass or plastic plate used to mount objects
to be examined under a microscope.

Stage - supports the slide being viewed.
Stage clips - holds the slide in place on the stage.

Turret - rotating wheel on which objective lenses are
mounted.

Working distance - space between the lens and the top of
the coverslip.

Equipment and Materials:

Compound microscope Cloth or paper towel
Dropper Lens paper
Scissors Dish soap

Glass slide Coverslip

Magazine Probe

Water Absorbent cotton
Procedures:

Microscope parts and handling

1. To move the microscope, place one hand beneath
the base and firmly grasp the arm of the microscope
with the other hand.

2. Place the microscope on the table with the arm
toward you and the stage away from you. The base
should be about 8-10 cm from the table’s edge.

3. ldentify the parts of the microscope.

Preparing wet-mount slide

NOTE: Specimens observed though a microscope are
placed on a glass slide. A coverslip is placed over the
specimen on the slide. Water is usually placed between
the slide and the coverslip.
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1.

7.

Rinse a slide in soapy water. Gently wipe both
sides of the slide with a clean paper towel.

To prevent smudges, always handle slides by the
edge rather than the flat surface.

From newsprint, cut out a small square with a lower
case "e."

Place the paper square with the letter "e" in the
center of the slide. Use a medicine dropper to
place a drop of water in the center of the slide.

Place the coverslip at a 45-degree angle over the
drop of water and the paper. With the probe, gently
lower the coverslip into position on the slide.

If air bubbles are present, gently tap the coverslip
directly over the air bubbles with the eraser of a
pencil.

Clip the slide to the stage with the stage clips.

Focusing the microscope
1.

Using the coarse focus, raise the body tube of the
microscope until the objective lens is 2-3 cm above
the opening in the stage.

Revolve the nosepiece so the low-power objective
(10X) "clicks" and locks directly in line with the body
tube.

Adjust the diaphragm so the greatest amount of light
is coming through the opening in the stage.

Looking from the side, use the coarse focus to lower
the body tube as far as it will go without hitting the
slide. Do not force the body tube.

Look through the eyepiece. Using the coarse
adjustment, focus until the "e" comes into view.
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6.

1.

1.

10.

11.

12.

13.

Use the fine focus knob to bring the letter "e" into
proper focus.

Sketch the letter as you see it under low power.
Move the slide toward your right.

Move the slide away from the microscope arm.
Recenter the slide.

Rotate the turret to the high-power lens and focus
with the fine-focus knob.

Compare your observations of the letter under high
and low power.

Sketch the letter under high power.

Compute the total magnification image by multiply-
ing the eyepiece magnification by the magnification
of the objective lens. The magnification rate of the
lenses of your microscope should be imprinted on
the barrel of the lens.

Resolving power and depth of focus

Prepare a wet mount of a very small piece of
absorbent cotton. Pull or tear the cotton to create
air spaces between the fibers.

Observe the cotton fibers with low power and then
with higher power.

Sketch the cotton as observed in the field of view
with both powers.

Key Questions:

What happened to the letter when you moved the
slide to the right?

Away from the microscope arm?
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2. If you see a living organism moving from the top to
the bottom of the field of view, what do you know
about the organism’s direction of travel?

3. How did the letter "e" change position upon
switching to high power?

4. Why did the field of view get dimmer as you
switched to high power?

5. What is the total magnification of the image with the
microscope on low power?

6. What is the total magnification of the image with the
microscope on high power?

7. How can you decide which strand of cotton overlays
another?

8. In microscope observations, why is it important to
resolve power and depth of focus problems?

9. How does the focusing ability change when the
objective is switched from low to high power?
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Applications:

The microscope is not a new invention. It was developed
in the 17th century by the Dutch scientist Anton van
Leeuwenhoek. Refinement of Leeuwenhoek’s crude
microscope has led to the development of a very
powerful tool. The microscope has enabled scientists to
discover new worlds of knowledge in medicine, industry,
and agriculture. Magnification is accomplished by a
series of ground and adjusted lenses. With a
microscope, even small pieces that cannot be seen with
the naked eye becomes visible.

Extensions:
1. Using a microscope, compare the differences
between a plant cell and an animal cell.

2. Examine pond water with a microscope.
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‘ Animal Nutrition: Absorption of Nutrients \

This activity will show how feed substances are broken
down and absorbed into the bloodstream. What factors
affect the digestibility of a feedstuff?

Activity Objectives:
1.  Describe the role of the plasma membrane in animal
cells.

2. Explain how a selectively permeable membrane
works.

3. Relate the role of enzymes to the process of
absorption.

Vocabulary Terms:
Absorption - the passage of digested food from the
alimentary tract to the circulatory system.

Alimentary tract - from mouth to anus, the passage
through which food passes.

Digestion - changes that food undergoes within the
digestive tract to prepare it for absorption and use in the
body.

Nutrients - components of a feed that aid in the support
of life.

Osmosis - flow of a fluid through a semipermeable
membrane separating two solutions, which permits the
passage of the solvent but not the dissolved substance.
The liquid will flow from a weaker to a stronger solution,
thus tending to equalize concentrations.
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Activity 1

Equipment and Materials:
Hot water bath

750 ml beaker

1000 ml beaker

Four test tubes

Test tube rack with test tubes
String or thread

Distilled water for rinsing

20 cm dialysis tubing

5 ml Benedict’s solution
Two drops iodine solution

5 grams cornstarch

One amylase enzyme tablet
One wax pencil

Procedure:

1. Cut a 20 cm piece of dialysis tubing and place in
water for a few minutes. Rub the dialysis tubing
between your thumb and forefinger until it separates
and the tubing opens completely. Twist one end of
the tubing, fold backward, and secure with string to
close the end.

2.  Pour cornstarch suspension into the tubing until it is
two-thirds full.

3. Add an enzyme tablet to the solution and tie the top
of the dialysis "bag" closed, leaving a small airspace
in the top. Make sure the bag doesn't leak.

4. Rinse the bag’s outside thoroughly in distilled water.

5. Place the bag in a beaker of distilled water and
allow to stand 30 minutes.

6. Fill a test tube one-third full of starch suspension.
Add two drops of iodine solution and observe color.
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7. Fill a separate test tube one-third full of starch and
enzyme suspension and add 5 ml of Benedict’s
solution. Heat in a water bath for five minutes and
observe color change.

8. Label four test tubes 1, 2, 3, and 4. After the
dialysis bag has set for 30 minutes, remove 5 ml of
water from the beaker and place in test tube 1.
Repeat for test tube 2.

9. Open the bag. Remove 10 ml of starch suspension
and place equal amounts in test tubes 3 and 4.

10. Add two drops of iodine solution to test tubes 1 and
3. Add 5 ml of Benedict’s solution to test tubes 2
and 4. Place the test tubes containing Benedict’s
solution in a hot water bath for five minutes.

11. Record color changes in each of the test tubes.

Key Questions:
1. How would you explain the change in the size of the
airspace in the dialysis bag?

2. How do you explain the results of the test for sugar
in the beaker water?

3. How do you explain the observed results when
iodine solution was added to the beaker water and
to the "cell"?
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4. What does a selectively permeable membrane do? _

5. How do nutrients and waste products move in and
out of a cell?

6. When does osmosis occur in living cells?

7.  What nutrients can be absorbed by cells?

8. How are nutrients transferred through the body? ___

Activity 2

Equipment and Materials (per group):
1 egg

200 ml vinegar

100 ml corn syrup

250 ml beaker

Scales for weighing

Procedure:
1. Soak the egg in 200 ml of vinegar for approximately
48 hours.

2.  Carefully remove the egg shell. Be careful not to
break the inner egg membrane.

3. Weigh and record.

4. Place the egg in enough corn syrup to cover the
entire egg for 24 hours.
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5. Observe the egg after 24 hours. Rinse, weigh, and
record.

6. Place the egg in enough water to cover it; allow it to
stand for 24 hours. Rinse, weigh, and record.

Key Questions:
1.  What happened after the egg was placed in corn
syrup for 24 hours?

Why?

2.  What happened when the egg was placed in water?

Why?
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Applications:

Proteins, carbohydrates, and fats must be broken down
to move from the digestive canal into cells that line the
digestive tract and then into the blood. This movement of
nutrients is called absorption. Vitamins, minerals, and
water are also absorbed from the digestive tract and
transported by the blood throughout the body.

Nutrients are absorbed from the digestive tract, mostly
the small intestine, at specific locations. Minerals, such
as calcium, magnesium, and iron, are absorbed in the
uppermost region of the small intestine. Water-soluble
vitamins and simple sugars are absorbed from the
alkaline environment of the small intestine. Fats and
proteins are absorbed in the lower small intestine.

Extension:
Create opposite conditions by putting distilled water in the
dialysis bag and immersing it in a starch suspension.
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Bacteria are microscopic, one-celled organisms. While
many bacteria are beneficial, some bacteria spoil food,
and others cause diseases of plants and animals.
Bacteria are constantly present in the environment--most
of the time without your awareness of them.

This experiment will help you understand the sources of
bacteria. Even though the bacteria you culture are not
necessarily those that cause animal diseases, these
organisms are very common in the environment. You will
become aware of the frequent exposure of animals to
disease-causing organisms. In this experiment you will
culture bacteria so you can see the growth of a bacteria
colony.

Activity Objectives:

1. Demonstrate the presence, concentration, and
bacteria types by inoculating cultures with common
items found in the environment.

2. Demonstrate the effectiveness of cleanliness and
sterility when around plant and animal working
areas.

3. Observe colonies of bacteria growing on plates of
agar.

Vocabulary Terms:
Agar - sugary gel derived from certain algae; used as a
medium for cultures.

Aseptic - being free of infectious microorganisms.
Bacteria - single-celled microorganisms. Some cause
human, animal, or plant diseases, while others are

beneficial.

Control - standard sample used for comparative purposes
in experiments; also called check or check plot.
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Disease - any deviation from a normal state of health in
plants, animals, or people that temporarily impairs vital
functions. It can be caused by viruses, pathogens,
parasites, poor nutrition, congenital or inherent
deficiencies, unfavorable environment, or any
combination of these.

Pathogen - living, microscopic, disease-producing agent,
such as a bacterium or virus.

Sterile - free from contamination by living bacterial,
fungal, or viral organisms.

Toxin - poisonous protein produced by some higher
plants, certain animals, and pathogenic bacteria.

Equipment and Materials:

One sterile petri dish with nutrient agar per student or
group of 2-4 students

One beaker or glass for alcohol

Grease marking pencil or felt-tip pen

Three sterile cotton swabs

Alcohol (ethanol or isopropyl)

Parafilm or plastic wrap

Pipettes or droppers (disposable or reusable)

Distilled water

Procedures:
1. Obtain sterile petri dish with nutrient agar. Keep the
dishes closed until directed to open them.

2. Turn the dish over on the table and divide the
bottom into fourths by drawing on the bottom with a
grease pencil. Number each section. Put your
initials on one section of the dish for easy
identification.

3. Collect three sources of bacteria from the
environment. The fourth quadrant of the dish will
not be inoculated and will serve as a control. Select
one source that appears clean, such as the
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lunchroom tabletop. Other sources may be areas
such as your hand, a doorknob, a window sill, the
rim of a fish tank, or a piece of your hair.

4. Record your sources in the Results section (at the
end of this activity) before you collect the samples.
See attached.

5. Obtain a clean cotton swab from a newly opened
package. Keep one end of the swab sterile. (Do
not touch the sterile end or allow it to contact
anything except your source of bacteria.)

6. Put a drop of distilled water on one of the chosen
sources of bacteria. Gently rub the sterile end of
the swab through the drop several times.

7.  Lift the lid of the petri dish only far enough to insert
the cotton swab. Gently touch the swab to the agar
surface in the center of the first quadrant. Dispose
of the contaminated cotton swab by dipping it into a
container of alcohol.

8. Repeat steps 5, 6, and 7 to inoculate the other two
sections of the dish. Do not inoculate section 4
(control).

9. Seal the lid onto the petri dish with parafilm or
plastic wrap. The dish should not be opened again,
especially after the incubation period.

10. At the end of the incubation period (approximately
1-2 weeks), examine the dish for evidence of
bacterial growth and record in the Results section.
The colony is likely to show a lot of growth if it was
inoculated well; if not, hold the dish toward a light
source to see the bacterial growth.

11.  Never open the petri dish. Dispose of the bacterial
colony and petri dish as directed by your instructor.




l Animal Nutrition: Bacteria and Disease \

Key Questions:
1.  Why is it necessary to tape the dishes shut and
keep them shut once the culture has been started? _

2. During inoculation of the petri dish with bacteria,
why was it important to open the dish only part
way?

3.  Were there bacteria in the control area? If so,
where might these bacteria have come from?

4. Why are the bacteria growths in each quadrant
different?

5.  Through your observation of bacterial growth, why
do you think this is important to learn as a
laboratory technician? A veterinarian? A livestock
producer?

6. Why are aseptic techniques important when working
in sterile environments?
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7. What are some methods to prevent bacterial-borne
diseases in animals?

8. How can bacterial infection affect plant growth?

9. What are some useful benefits of bacteria?

Credit:

Lab Manual/The Science of Animal Agriculture. By Frank
Flanders with Ray Herren. Delmar Publishers, Albany,
NY, copyright 1994,
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Applications:

Bacteria, as well as other harmful and beneficial
organisms, are present in the environment. The bacteria
provide evidence of the many concentrations and types of
bacteria present in the environment. Sterile (aseptic)
work areas are important when designing experiments. |t
is also important to maintain a sterile veterinary and
health program when working around animals. The
elimination of harmful bacteria when giving animal
injections will help reduce the possibility of harmful
pathogens entering the animal’s immune system.

Parasitic bacteria can harm the animal by feeding off the
body cells or by secreting material known as toxins.
When large numbers of bacteria invade an animal’s body,
the animal becomes ill. The type and form of illness
depends on the type of bacteria that invades the animal.

Fortunately, animals have lines of defense in fighting
disease-causing bacteria. Animals can also be injected
with antigens that help produce immunity to some
bacteria-borne diseases. Many bacteria are beneficial
and live on and in the bodies of animals.

Extensions:
1. Culture, stain, and identify different nonpathogenic
bacteria.

2. Use different, identified bacteria for experiments in
fermentation, antibiotic inhibition of bacterial growth,
and many other industrial activities.

3. Swab a sterilized surface and compare to an
unsterilized surface, or swab a washed surface and
compare it to a swab from an unwashed surface.
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Results, Quadrant 1 Results, Quadrant 2
Description: Description:
Results, Quadrant 3 Results, Quadrant 4 (control)

Description: Description:
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Activity Objective:
Investigate how a digestive enzyme breaks down starch
(a carbohydrate).

Background:

Animals need a balanced diet to grow and remain
healthy. This balanced diet consists of six important
nutrients: carbohydrates, lipids, protein, minerals,
vitamins, and water. Energy is provided by
carbohydrates, lipids and protein.

Plants normally provide the nutrients for animal growth.
These nutrients are present in a complex form that
prevents easy utilization by animals. The digestive
system breaks feed down into simple substances that can
be absorbed by the body.

One important nutrient which provides energy for animal
growth and development is carbohydrates.
Carbohydrates are common in starches, a major
component of livestock rations.

Vocabulary Terms:
Amylase - enzyme secreted by the pancreas and
delivered to the small intestine to aid in starch digestion.

Carbohydrates - the body’s primary source of energy;
made from compounds of carbon, hydrogen, and oxygen.

Digestion - changes that food undergoes within the
digestive tract to prepare it for absorption and use in the
body.

Enzymes - complex protein molecules produced by the
body that speed up chemical reactions, such as starch
breakdown.

Maltase - enzyme found in the mouth and intestine that
acts on maltose to produce glucose.

Maltose - compound sugar.
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Monosaccharide - simplest form of sugar; a single sugar
unit.

Polysaccharide - large, molecular weight carbohydrate
made up of many sugar units, e.g., starches, cellulose,
and glycogen.

Starch - carbohydrate manufactured by plants and stored
in the seeds, roots, leaves, stems, and fruit in high
concentrations; the major component of livestock feeds.
Forages contain lower concentrations of starch.

Substrate - the material upon which an enzyme or
fermenting agent acts.

Equipment and Materials:

Hot plate

Two 150 ml beakers

Four test tubes

Test tube rack

Dropper or 1 ml pipette

150 ml of water

2 ml iodine solution

5 ml Benedict’s solution (indicates color)
1 gram cornstarch

Procedures:

1.  Prepare a starch solution by adding 1 gram
cornstarch to 100 ml boiling water. Let starch
dissolve and set aside to cool.

2. Prepare a hot water bath by filling a 150 ml beaker
half full of water and bringing to a boil.

3. Add 5 ml of the prepared starch solution to each of
the four test tubes and label them 1-4.

4. Add two drops of iodine solution to test tube 1.
Observe and record color.
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5.

Add 5 ml of Benedict’s solution to test tube 2 and
place in hot water bath for five minutes. Observe
and record color.

Add 2 ml of your saliva to test tubes 3 and 4. Mix
and allow to stand for five minutes.

Put 2 drops of iodine in test tube 3. Observe and
record color change.

Put 5 ml of Benedict’s solution in test tube 4 and
place in hot water bath for five minutes. Observe
color change.

Key Questions:
1.

What is present in saliva that caused the breakdown
of starch?

What is the function of starch in this activity?

What is the function of saliva in this experiment?

Why must starches be chemically changed in
digestion?
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5.  What role do enzymes play in digestion?

6. What conditions are necessary for starch digestion?
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Conclusions:

Digestion of food is the breaking down of complex
molecules into smaller molecules. In starch digestion, the
enzyme amylase converts starch molecules to glucose.
Glucose is a simple sugar that can be absorbed and
supplies energy to cells.

Saliva contains the enzyme amylase, which breaks down
starch. Since food remains in the mouth for only a short

time, amylase is secreted by the pancreas into the small

intestine for further breakdown of starch molecules. Most
starch is converted to sugar in the small intestine.

The pH also has an effect on the function of amylase.
Amylase ceases to function in the stomach, where acidic
pH levels may vary from 2.0-3.0.

Enzymes are special proteins that exist in all living things
and speed up chemical changes. Enzymes act as a
catalyst by speeding up the chemical reaction without
being used up in the process.

Extensions:

To expand this activity, add a pair of test tubes containing
a piece of hard-boiled egg white (protein) and a pair
containing lard (lipid). When saliva is added, it does not
affect protein or fat digestion.
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Toxins (poisons) such as aflatoxins are dangerous to
humans and animals. How can we find out if the grain
sold or fed to livestock contains dangerous amounts of
aflatoxin?

Activity Obijectives:
1. Identify environmental conditions that promote grain
molds.

2. Detect aflatoxin in food, feed, and environment.

3. lIdentify a mycotoxin that is harmful to human and
animal health.

Vocabulary Terms:

Aflatoxin - a mycotoxin produced by some strains of the
fungus Aspergillus flavus, the most potent natural
carcinogen discovered, which contaminates corn and
other grains.

Carcinogen - chemical, physical, or biological agent that
increases the incidence of cancer.

Conjugate - a toxin that has been chemically marked with
an enzyme.

ELISA (Enzyme-Linked Immunoassay) - test to detect the
presence of a substance due to a reaction with
substance-specific antibodies.

Mycotoxins - chemical substances produced by fungi that
can result in illness and death of animals and humans
when foods containing it are eaten.

Pathogen - living, microscopic, disease-producing agent,
such as a bacterium or virus.

Reagent - any substance found in a chemical reaction.

Substrate - the material upon which an enzyme or
fermenting agent acts.
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Toxin - poisonous protein produced by some higher
plants, certain animals, and pathogenic bacteria.

Wash - using a wash bottle or gently running tap water to
fill wells with water. Shake out. Repeat 10 times. Turn
wells upside-down and tap on a paper towel to remove
water droplets.

Equipment and Materials:
Grain samples
Aflatoxin Field Kit (available from Neogen Corporation)

Procedures:

Sample Extraction
1. Obtain a representative sample of corn.

2. Grind the sample to the size of fine instant coffee
(20 mesh). Thoroughly mix sample prior to
subsampling for extraction.

3. Weigh out a 5-gram sample of the ground corn.

4. Using the paper funnel, pour the sample into a
prefilled extraction bottle. Tightly cap and shake
vigorously for one minute.

5.  Ensure that glass wool is tightly packed in the base
of the syringe assembly. Remove the plunger from
the syringe assembly and hold the syringe tip over a
collection dropper bottle. Pour the liquid from the
extraction bottle into the syringe until the syringe is
one-half full.

6. Replace plunger in filter syringe and apply gentle
pressure until collection dropper bottle is
approximately one-half full. Secure the dropper top
in the bottle. The sample is ready for testing.
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Running the Field Test (ELISA Test)

1. Break off two antibody-coated wells (in foil pack)
and place in white paddle. Label control well #1
with a felt-tip marker. Return unused wells to foil
envelope, insert in a sealable bag, and seal.

2.  Add three drops of control from the bottle labeled
"yellow" to the control antibody well (well #1).

3. Add three drops from sample collection bottle to the
sample antibody well (labeled #2).

4.  Add two drops of conjugate from the bottle labeled
"blue" to each antibody well. Tap wells gently to
mix. Wait five minutes.

5. Initial reaction is now complete. Turn upside-down
and shake the contents out of the antibody-coated
wells.

6. "Wash" both wells 10 times. Remove all water
droplets by tapping wells on paper towels.

7. Add two drops of TMB (Tetramethyl Benzidine) from
bottle labeled "green" to each well.

8.  Add one drop of H,O, from the bottle labeled
"green” to each well. Tap wells gently to mix. Wait
five minutes.

9. Add two drops of red stop from the bottle labeled
“red" to each well. Tap wells gently to mix them.

10. Place the wells on a white background and read,
looking down through the solution, to observe color
differences.

11. Record results.
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Key Questions:
1.  How many samples turned more pink than the 20

ppb?

2. How many samples were as blue or more blue than
the control?

3. What are the effects of mycotoxins on animal and
human health?

4.  When can molds be harmful to humans and
animals?

5.  What conditions promote the growth of molds?

6. What should be done with grains that contain
mycotoxins?

7. How does the ELISA test work?

Credit: Aflatoxin Field Kit. Lansing, Ml: Neogen
Corporation.
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Applications:

Aflatoxins are a potent, naturally-occurring carcinogen.
They have been linked to many health problems in both
humans and animals. An aflatoxin is a byproduct of mold
growth that affects many commodities. These soil-borne
fungi are found everywhere in the world and grow on the
rich nutrients of seeds. Mold and aflatoxin growth is
favored by warm temperatures and high humidity. Corn
is especially vulnerable to contamination during extended
periods of drought. Closed, poorly aerated conditions
help create an ideal environment for mold growth.

The U.S. Food and Drug Administration has set a
maximum allowable level of total aflatoxins at 20 parts
per billion (ppb). There are several methods of detecting
aflatoxins. Some are highly sensitive and accurate, but
very costly. Others are inexpensive but less accurate,
such as using a black light.

Extension:

A black light set-up can be used to detect aflatoxins in
grain. Simply pass the corn under a black light and the
kernels with aflatoxins present will glow. However, it is
not a reliable method of detecting aflatoxin since the
compound that produces the bright, greenish-yellow
fluorescence is kojic acid, not aflatoxin. The black light
method can be used as a presumptive screening method
but not as an analytical method since fluorescence may
occur without aflatoxins.
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In this activity, students have the opportunity to identify,
study, and practice artificial insemination techniques
using the reproductive tract of a cow. The tract can then
be frozen to be used in years to come. Also, students
can dissect a rat to inspect its reproductive tract, which is
similar to reproductive tracts in many other mammals.

Activity Objectives:
1. Define artificial insemination.

2. ldentify the parts of the female reproductive tract.

3. Identify the procedures and equipment used in
artificial insemination.

Vocabulary Terms:
Ampule - unit of packaging for frozen semen (usually
glass).

Artificial insemination (Al) - the placement of semen into
the female reproductive tract by artificial (rather than
natural) means.

Catheter - slender; tubelike; metal, rubber, plastic, or
glass instrument inserted into body passages to deposit
or remove fluids.

Cervix - part of the female reproductive tract that forms a
seal between the uterus and the vagina.

Dorsal - refers to the back or toward the back of an
animal.

Estrous - period of sexual excitement (heat) when the
female will accept sexual intercourse with the male.

Estrous cycle - reproductive cycle measured from the
beginning of one estrous to the beginning of the next.

Gestation period - length of time from conception to birth
of young in a particular species.
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Figure 1 - Semen storage
Ovary - organ in female animals that produces the egg.

Oviduct - tube that leads from the ovary to the uterus;
also called the Fallopian tube.

Ovum - female sex cell (egg) produced in the ovary;
carries half of the genes contributed by the female from
which it was produced.

Semen - sperm-containing fluid that is ejaculated by the
male.

©
.05 ml. pellet Sperm - male sex cell, which is produced in the testicles.

bull semen

Straw - unit of packaged, frozen semen that is more
commonly used than the ampule because of storage
ease.

Urethra - canal or tube that carries urine away from the

np > ? bladder.
852 &
3 3 : Uterus - womb; in female mammals, an organ in which
ade g the young develops before birth.
{ ) &
10 ml.ampule 1ml.ampule .05 ml.straw Vagina - the canal in female mammals extending from
bull semen bull semen bull semen

the uterus to the vulva.

Vulva - external genital (reproductive) organ of the
female; the opening to the vagina.

Equipment and Materials:
Dissecting microscope
Artificial insemination equipment:
Semen - frozen or fresh
Catheter - plastic, glass, or metal
Polybulb - syringe
Ice water - a can or plastic container for holding
frozen semen
Paper towels
Female reproductive tracts
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Scissors

Scalpel

Dissection tray
Dissection pins
Disposable gloves
Magnifying glass
Tweezers

Procedures:
Dissection
1.

Obtain a euthanized ("put to sleep") female rat. Put
on disposable gloves, then use the scalpel to make
a longitudinal incision in the abdominal cavity.

Make an incision in the abdominal cavity. (See
Figure 2.) Do not cut into the intestines.

Gently move the intestines so that the reproductive
tract can be seen. Locate the structures labeled in
Figure 3. Using the small, pointed scissors, cut the
vagina open and expose the cervices. Insert a
probe into each cervix.

Carefully remove the reproductive tract (cervix,
uterus, oviducts, and ovaries). Observe the
oviducts and ovaries using a dissecting microscope.

Compare the reproductive anatomy to that of a
cow’s.

A.l. ampule preparation
1.

Fill a metal or plastic container with ice and water.
(A coffee can is convenient.)

Remove an ampule from the N? (nitrogen) tank and
place it quickly in the ice water. Let the ampule
thaw naturally. Do not remove the ice shell that
forms around it. (This will take about 10 minutes.)

Keeping catheter sterile, prepare it by placing a
polybulb on one end.
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Figures 2 and 3
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4. Break the ampule using the following steps.

a. Remove the ampule from the water and dry it.

b.  Prescored ampules will have a dot or mark on
the scored side. Put a towel over the ampule
to prevent finger cuts. Break the top away
from this mark.

5. Draw the semen into the catheter by doing the

following.

a. Roll the polybulb over your thumb to expel all
the air.

b. Insert the catheter into the ampule and slowly

release pressure on the polybulb to siphon
semen into the catheter. Practice until you
can remove all the semen from the ampule.

A.l. straw preparation
1. Carefully remove a single straw with tweezers.

2.  Wrap the straw in the fold of a paper towel and
place in someone’s shirt pocket to thaw. Straws
can also be thawed in ice water or warm water.

3. Prepare the inseminating tube and plunger. Draw
back plunger, if necessary.

4. Using a scissors, cut off the sealed end of the straw
with a square cut.

5. Insert straw into inseminating tube; the plunger
should be behind the straw.

Insemination
1.  Check vulva to make sure it is clean and clear of
obstructions.

2. Insert catheter into the vulva.
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3. Pass the catheter through the vagina by doing the

following.
a.  Grasp the cervix and stretch or straighten the
vagina.

b.  Keep the catheter tip against the vagina’s
dorsal wall for 4-6" to avoid penetrating the
cow’s urethra.

4. Because of the concentric rings or folds in the
cervix, passage through it may be difficult.
Manipulate the cervix to align the catheter with the
cervix; thread the catheter into the cervix. The
catheter should not be pushed or punched in the
process because of potential damage to vaginal or
cervical walls. The catheter tip should pass to the
anterior end of the cervix.

5. Deposit the semen slowly over about five seconds.
6.  With the polybulb depressed, remove the catheter.
This will prevent siphoning of the semen back into

the catheter prior to removal.

Key Questions:
1.  What is artificial insemination?

2. What is estrous?

3. When is the best time to inseminate?

4.  What are the estrous differences between species?
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5. What are the functions of the different parts of the
female reproductive tract?

6. During artificial insemination of a cow, why does the
technician have to put an arm into the cow’s
rectum?

7.  Where does the fetus develop?

Credit: Sorenson, A. M. Repro Lab: A Laboratory
Manual for Animal Reproduction. 4th ed. Boston, MA:
American Press, 1979.
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Applications:

Probably the fastest growing area of technology in
agriscience is genetics. Artificial insemination has done
much to improve the quality of livestock. Artificial
insemination has allowed for more milk production
improvement in the last 20 years than had occurred in
the previous 200 years.

There is a high demand for qualified A.l. technicians. A
qualified technician usually performs the actual
insemination. Many breeding services have schools for
individuals interested in becoming A.l. technicians.

There are many advantages to using artificial insemina-
tion. Producers can use sires of higher quality than they
could otherwise afford. Producers select the type of sire
needed for a particular group of females. Data from the
progeny of A.l. sires is available to help producers
determine sire quality. Producers do not have to keep
the more aggressive, often dangerous, male animals.
Artificial insemination also lessens the likelihood of
disease. Sires from all over the world can be used, and
sires can be replaced easily.
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Figure 4 - Reproductive
system of a cow
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DNA is a very complex substance that serves as the
coding mechanism for heredity. This activity will isolate a
DNA strand so it can be studied more closely.

Activity Objectives:
1.  Describe the physical appearance of DNA.

2. Explain how DNA is spooled from a solution of
salmon sperm using ethanol.

Vocabulary Terms:

Chromosome - in a cell nucleus, a filamentous structure
that is composed of DNA.

Density - mass per unit of volume.

DNA (deoxyribonucleic acid) - protein-like nucleic acid
component of plant and animal genes that controls
inheritance. Each DNA molecule consists of two strands
in the shape of a double helix (i.e., ladder).

Ethanol - the alcohol product of fermentation.

Gene - the smallest unit of inheritance. Genes are DNA
sequences that code for a single protein.

Soluble - capable of changing form or dissolving into a
solution.

Spooling - to wind material around something.

Activity 1

Equipment and Materials:

1 ml 3M sodium acetate solution

One test tube (1 ml) of DNA (salmon testes)
2 ml of ethanol or isopropyl alcohol

One glass stirring rod

Stirring rods

Pipettes

2 ml pipette
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Procedures:

1. To slowly add 7 m/ of 3M
sodium acetate into the salmon
testes in DNA solution, tilt the
test tube and let the acetate
run down the side of the tube.
Mix by gently swirling the test
tube.

2.  Slowly layer in 2 ml of alcohol
and observe the layering.

3.  Stir gently with a glass or
plastic rod or pipette to mix the Alcohol
layers. Gently spool the DNA ONA Soion
around the glass rod. The
DNA will separate into long
fibers. Most of the sperm extract will stick to the
glass stirring rod. Be sure to stir the mixture until all
sperm extract that will stick has done so.

4.  Carefully remove the DNA and place on a petri dish
to dry. Remove the purified extract by pulling the
glass stirring rod out of the test tube. Try to pull out
long, slender threads. (It may take 20-24 hours for
the DNA to properly dry.) The isolated DNA is ready
for storage or examination under a microscope. It
can also be used for other laboratory projects. Let
the DNA dry on a petri dish or try to blot it dry. It
can be stored in a petri dish.

Key Questions:
1. Record the color, appearance, and any other
descriptive properties of the salmon sperm extract. _

2.  Record the color, appearance, and any other
descriptive properties of the isopropyl.
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3. What did the two layers of isopropyl and salmon
sperm extract look like before the spooling process?

4. Describe the appearance of the salmon sperm
extract that stuck to the glass stirring rod during
spooling.

5.  Why did the mixture layer?

6. After the DNA dries, examine it under a microscope.
Describe the appearance.

7.  What do your observations indicate about the nature
of DNA?

Activity 2

Equipment and Materials:

250 ml beaker

3.5 g yeast

95 percent ethanol

5 ml liquid detergent (Palmolive Green preferred)
3 g meat tenderizer

Sodium bicarbonate (baking soda)
Warm (50-60°C) water
Thermometer

Glass stirring rod

600 ml beaker

100 ml graduated cylinder

pH meter

Safety glasses for each student
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Procedures:
1.

Heat 100 ml water in a 250 ml beaker by placing
the beaker in a hot water bath. When the water
reaches 50-60°C, add 3.5 g of yeast. Stir until the
yeast is thoroughly dissolved.

Add 5 ml of liquid detergent (if possible, use
Palmolive Green). Maintain temperature and stir
occasionally for five minutes. Caution: Do not
exceed 60°C as this might shear the DNA. (The
purpose of this step is to dissolve the cell’s lipid
component and nuclear membranes.)

Dissolve 3 g of meat tenderizer in the yeast
solution. Add 10 ml sodium bicarbonate (baking
soda) solution and measure the pH. If needed, add
more sodium bicarbonate to bring the pH level to 8.
Maintain the temperature at 50-60°C for 20 minutes.
(The purpose of this step is to clean off the proteins
from the DNA strand.)

Slowly pipette 10 ml of ice cold ethanol down the
side of the beaker so that the ethanol forms a
separate layer on top of the yeast mixture.

Gently stir the glass rod through the two mixtures,
twirling the rod as you stir. You should see cloudy
white strands begin to collect on the rod. This is the
DNA!

Key Questions:
1.

Why was meat tenderizer used in the solution?

Read the label of the meat tenderizer. What is the
active component in the meat tenderizer that might
do this?

Are the cells more like bacteria cells or yeast cells?
Explain your answer.
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4. Why was liquid detergent used in the solution?

Why are liquid detergents used for cleaning
purposes?

5. What is the basic structure of DNA?

6. How is information stored within the DNA structure?

7. How can DNA be isolated?

8. Why is DNA isolated?
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9. What can be done after DNA is isolated?

10. What is the basic function of DNA?

&p Adenine
&g Guanine

® Thymine
@ Cytosine
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Applications:

DNA is present in all cells and is very important. With an
electron micrograph, the DNA molecule looks like a
tangled mass of thread. It is a chemical and is soluble in
a water solution that is slightly basic (pH 8.0). DNA is
not soluble in ethanol. When the two liquids were mixed
with a swirling motion, the DNA came out of solution.
DNA has a fibrous nature, so it can be spun out.
Chemically, DNA is a giant molecule, often containing
billions of atoms linked together.

The invisible has become visible and the abstract
concrete. DNA'’s physical nature is seen, and a chemical
property (solubility) is used to extract it. A simplified two-
dimensional model of DNA has been created.

Biotechnology is being used to improve animal reproduc-
tion and health, create useful products from animal
waste, and increase lean meat and milk production. With
biotechnology, animal scientists can save, store, and split
valuable embryos, to reproduce genetically identical
offspring. Both the egg and the sperm contain DNA that
dictates what the young animal will look like and how that
animal will develop. DNA is the code of life.

The use of biotechnology in animal agriculture is growing
at a rapid pace. New techniques and products are being
continuously developed that will greatly affect producers
and consumers.

Extensions:
1. Make a DNA model using endstrips of computer
paper and colored markers.

2. Diagram structural components of DNA molecules.

3. Diagram the chemical structure of DNA based on
the analogy of a ladder.

4.  Analyze the complexity of DNA molecules using the
four base units in a genetic code.
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Understanding the principles of animal genetics helps
producers improve their herds. How do animals today
differ from those of prehistoric times?

Activity Objectives:
1.  Describe how animal characteristics are passed
from generation to generation through genes.

2. Explain how traits are distributed.

3. Determine the probability of a genetic phenotype
and genotype of an animal.

4. Contrast dominant and recessive traits.

Vocabulary Terms:

Dominant - one of any pair of genes that dominates (or
masks) the other when both are present in the germ
plasm.

Recessive - a gene or trait that is masked by a dominant
gene when both are present in the germ plasm.

Homozygous - a cell that contains two identical genes for
a single characteristic (both dominant or both recessive).

Heterozygous - a cell that carries both the dominant and
recessive genes for a single characteristic (impure).

Genotype - genetic makeup/expression of an organism.
Individuals of the same genotype breed alike.

Phenotype - observed character of an individual without
reference to its genetic makeup. Individuals of the same
phenotype look alike but may not breed alike.

Probability - ratio of specified events to total events.
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Equipment and Materials: (per student or group)

One cup

Watch

Ten red beans

Ten speckled beans

A bag of mixed beans (50 percent red and 50 percent
speckled)

Ten toothpicks, dyed green

Ten toothpicks, natural color or dyed brown

Ten toothpicks, dyed red

Procedures:

Activity 1 will simulate natural selection. The results can
help explain why animals with certain traits have
survived, while others became extinct or lost certain
characteristics. Nature helps control the gene pool of a
population.

1. Mix the 30 toothpicks together.

2. In a grassy area designated by the teacher, mark
out a 10’ square area in which to work.

3.  Throw the toothpicks high into the air above the
grassy area for even distribution.

4. Try to find as many toothpicks as possible in one
minute.

5.  Count the number of each color found. Record your
answers below.
Red:
Green:

Brown:
Total found:

Activity 2 will simulate random mating, where animals
are bred without regard for their particular characteristics.

1. Without looking at the beans, place your hand in the
mixed bean sample and draw out 20 beans.




‘ Animal Breeding: Genetics I

2. Count the number of beans of each color.

3. Put the beans in the cup. These 20 beans
represent your animal and its genotype for this
exercise.

4. One at a time, "breed" your animal to the animals of
students sitting in front of you, behind you, to your
left, and to your right. Do this by pouring your
beans into their cups. Shake the beans to get a
good mix.

5. Pour the beans into your hand. Without looking at
them, count out 20 beans into your classmate’s cup.

6. Record the new genotype in Table 1.

Table 1. Random Breeding Record

Red beans Speckled beans

Initial genotype

Genotype after
breeding #1

After breeding #2
After breeding #3
After breeding #4

Activity 3 involves developing an animal with a solid red
hair coat through selective breeding. A solid red coat will
be represented by 20 red beans.

1. Obtain 10 red beans and 10 speckled beans. Put
them in a cup to hold them. This is the gene pool
of your animal.

2.  Pour the beans into your neighbor's cup. Shake the
beans to get a good mix.
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3.  Pour the beans into your hand. Without looking,
count out 20 beans into your classmate’s cup.

4. Record the new genotype on Table 2. This will
simulate record keeping by the producer.

5.  Continue mixing your beans with others in the class.
(You will want to mix beans with someone who has
more red beans than yours.) Consider asking the
classmate for his/her records to examine the animal
before committing to mixing (breeding). The more
breedings with animals genetically stronger than
yours, the better the chance that animal will have a
pure red coat.

6. After a member of the class has reached the
objective or time is called by the teacher, return the
beans to the source and complete Table 2.

Key Questions:
1. What did Activity 1 simulate?
Why?

2.  What did Activity 2 simulate?
Why?

3. What did Activity 3 simulate?
Why?
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Table 2. Selective Breeding Record

Red beans Speckled beans

Initial genotype

Genotype after
breeding #1

After breeding #2
After breeding #3
After breeding #4
After breeding #5
After breeding #6
After breeding #7
After breeding #8
After breeding #9
After breeding #10
After breeding #11
After breeding #12
After breeding #13

4. What does the data in Table 1 imply about the color
of an animal and its ability to hide from its prey? ____
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5. Under what conditions would you have found more
of the other toothpick colors?

6. What results did you expect with the random mating
of animals as simulated in Activity 2?

7. Were the results of the random breeding exercise
what you expected? Explain.

8. If you were not able to develop a pure animal in
Table 2, how many more breedings do you think it
would take to develop a pure animal?

9. Suppose the beans in this exercise represent cattle
and it takes you 18 breedings to develop a pure red
animal. How many years of development would this
represent?

10. How would you go about the process if you wanted
to start a new breed? How long do you think it
would take?

11. Why is it important to keep records on animals?
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12. How do scientists use genetics to eliminate genetic
disorders?

13. What are some ways to determine genetic makeup
of an animal?

14. Why is it more difficult to determine the genotype of
an animal as compared to its phenotype?
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Applications:

Animal producers use genetics to improve their
herds/flocks by natural or planned selection. "Survival of
the fittest" occurs in natural selection. As changes in
genes occur naturally in animals, only the animals with
changes that make them better adapted to their
environment will survive. In planned or artificial selection,
producers decide which traits they want and use animals
with desirable traits in their breeding programs.

Understanding the principles of animal genetics helps
producers improve their herds. Producers can formulate
breeding programs to get the best traits of the animals.
Crossbreeding is another advantage of genetics.
Producers can take advantage of the positive traits of
different breeds by mating two different breeds of a
species.

Extensions:

1.  Give an example of how producers can formulate a
breeding program to get the best traits of their
animals.

2. Give an example of improving a herd by
crossbreeding.

3. Use three different bean colors to illustrate the
effect of multiple gene action on the expression of
traits.
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Placing a sterile, infertile male into a herd greatly
decreases the profitability of animal production. This
activity will show differences in sperm motility, which is
one measure of fertility.

Activity Objectives:
1. Compare the size and shape of sperm and egg cells.

2. Demonstrate the use of a compound microscope in
observing sperm cells and egg cells.

3. Compare sperm cells of different animals.
4. Determine the motility of a semen sample.

Vocabulary Terms:

Artificial insemination (Al) - the placement of semen into
the female reproductive tract by artificial (rather than
natural) means.

Ejaculate - the discharge of semen from the male
reproductive tract.

Embryo - any organism in its earliest stages of
development.

Embryo transfer (transplant) (ET) - the removal of
developing embryos from one female and transfer to the
uterus of another; usually involves the superovulation of
superior females and the transfer of their embryos to
increase the number of superior offspring.

Estrous - period of sexual excitement (heat) when the
female will accept sexual intercourse with the male.

Fertility - ability of an animal to produce offspring.

Follicle - small, blister-like development on the ovary’s
surface; contains the developing ovum.




‘ Animal Breeding: Sperm Motility \

Mormphology - branch of biological science that deals with
forms or shapes.

Motility - active movement of the sperm in a male’s
semen.

Objective (lens) - the microscope lens nearest to the
object observed; focuses light to form the image of the
object.

Ovary - organ in female animals that produces the egg.

Ovum - female sex cell (egg) produced in the ovary;
carries half of the genes contributed by the female from
which it was produced.

Semen - sperm-containing fluid that is ejaculated by the
male.

Sperm - male sex cell, which is produced in the testicles.
Spermatozoa - mature male gametes.

Superovulation - stimulation of more than the usual
number of ovulations during a single estrous cycle due to
the injection of certain hormones.

Background:

Animal reproduction has always been important
economically to the production of agriculture animals.
Artificial insemination, in-vitro fertilization, and embryo
transplants have made it more important than ever for
technicians, as well as producers, to understand the
process of animal fertility.

Semen collected from male animals can be used fresh or
stored frozen in liquid nitrogen (-320°F) for later use.
One ejaculate can be diluted and used to breed several
females. Because many types of semen can be frozen
and stored for long periods of time, the mating of an
outstanding male can be greatly extended.
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Once semen is collected, it should be examined under a
microscope for quality. Quality is determined by the
number of sperm present in a milliliter of semen, the
sperm’s motility, and the sperm’s morphology. Very
active sperm are desirable because of the distance they
must travel to reach the oviduct of the female. A large
number of sperm with an unusual shape is not desirable.
Examining semen under a microscope enables trained
technicians to determine the motility, shape, and quantity
of sperm.

This laboratory procedure is a sample of the test used by
artificial insemination companies to evaluate semen
quality. You will also have the opportunity to compare
semen samples from different animals and to examine
the female’s ovary and follicles.

Equipment and Materials:

Microscope with 10X, 40X, and 100X (oil immersion)
objectives

Laboratory thermometer

Wide-mouth thermos

Hot plate

Pan

Prepared slide of sperm

Prepared slide of an ovary

Prepared sperm slide of another animal

Straw of bull semen

Paper towel

Two slides per team

One cover slip per team

Eye dropper

Scissors

Procedures:

Caution: Microscope lenses and slides are very fragile.
Never lower the objective while looking through the
eyepiece.
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1.  Place the prepared slide of sperm on the
microscope stage. Hold the slide in position by
placing the slide under the stage clips.

2. Use the coarse adjustment on the microscope to
lower the objective as close as possible to the stage
without touching it.

3. Look through the eyepiece. Turn the coarse
adjustment slowly to move the objective away from
the stage until the slide comes in focus.

4. Locate sperm cells by adjusting the slide and using
the fine adjustment to bring the sperm into sharp
focus.

5.  If your microscope has a 100X (oil immersion)
objective, ask your teacher for further instructions
on the use of immersion oil before continuing.

6.  Switch to high power by turning the eyepiece until it
clicks into position. Focus with the fine adjustment.

7.  Sketch a sperm cell.

8.  Switch back to low power. Replace the sperm slide
with a prepared slide of another animal.

9. Repeat steps 4 and 5 above to focus on the sperm
using low power. Use the fine adjustment as
necessary.
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10. Sketch the sperm cell.

11. Switch back to low power. Replace the sperm slide
with a prepared slide of the ovary.

12. Repeat steps 4 and 5 to focus on the ovary. Use
the fine adjustment as necessary.

13. Notice the many round, maturing follicles that are
swollen with fluid. Note the varying sizes of the
eggs within the follicles.

14. Locate a mature follicle and switch to high power.
Use the fine adjustment to focus. Sketch the
mature follicle.

15. Obtain a straw of semen from the teacher.

16. Place the straw in the water bath for at least one
minute but no longer than 15 minutes.

17. Place two slides and one coverslip in the bowl of
warm water (approximately 100°F) for five minutes.

18. Remove the thawed straw from the water bath and
mix it by inverting it two or three times.

19. Follow directions from your teacher to open the
straw. Place one drop of semen on the warm, clean
slide. Place the coverslip over the semen.

20. Place the sperm slide on the microscope stage.
Hold the slide in position by placing the slide under
the stage clips.
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21. While looking at the low-power objective from the
side, use the coarse adjustment to lower the
objective as close as possible to the slide without
touching it.

22. Look through the eyepiece; turn the coarse adjust-
ment slowly to move the objective away from the
stage. Continue to turn until the slide comes in
focus.

23. Switch to high power (40X) by turning the eyepiece
until it clicks into position. Focus with the fine
adjustment.

24. Observe individual sperm cells and their move-
ments. Strong, healthy sperm will move in a
straight line across the viewing field. Rate the
sample with the following scale.

Sperm motility rating scale (estimated)

Excellent: 80 percent or more of sperm moving
vigorously

Very good:  70-80 percent of sperm moving
vigorously

Good 50-70 percent motility

Poor 30-50 percent motility

Very poor Less than 30 percent motility

Sperm motility rating

Percent motile
sperm cells Rating

Sample 1

Sample 2

25. Obtain a second sample. Follow steps 15-24 to
score the second sample on motility.
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Key Questions:
1.  Describe the shape of a sperm. How does the
sperm’s shape help it perform its function?

2.  Why would a technician who specializes in embryo
transplanting want to check sperm motility?

3. Why would a company that specializes in artificial
insemination check sperm motility regularly?

4. Why does the semen from a particular bull need to
be checked over a period of time?

5.  What factors could have accounted for the
difference in motility rating of semen samples?

6. Why are vigorous, quick-moving sperm desirable? __

7.  Why are more motile sperm considered more
fertile?

8.  Why might a test of sperm motility at the time of
collection have limited value?

9. List five reasons for poor semen motility or
morphology.
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10. Why would the difference between sperm cells of
the two different animals be important to know?

Applications:

Motility is one measure of the fertility of the sperm.
Active sperm are important because of the distance they
must travel to reach the female’s oviduct. The greater
the number of motile spermatoza, the greater the
chances for conception. Checking the semen quality
before breeding season can determine a male’s fertility.

Extension:
Compare sperm counts from boars of various ages and
breeds. Can any conclusions be made?
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Embryo development of most mammals is difficult to
study because of the embryo’s location in the mother’s
body. Chick embryos closely resemble those of mammal
embryos and are easy to access. This activity will
explore embryo development in chickens.

Activity Objectives:

1. ldentify characteristics of 1-day, 7-day, and 14-day-
old embryos.

2. ldentify body structures of developing embryos.

3. Candle fertilized and unfertilized eggs.

Vocabulary Terms:
Albumen - the white of an egg.

Blastoderm - fertilized egg.

Blastodisc - a true egg that has not been fertilized.
Chalaza - (pronounced ka-lay-za) two white cords
attached to the yolk, which position it in the center of the
albumen. The chalaza serve as a rotating axis to keep

the germ cell on the top side of the yolk.

Embryo - any organism in its earliest stages of
development.

Fertile - egg that is fertilized and has the capability of
developing into an embryo.

Incubation period - the time between egg laying and
hatching.

Incubator - an apparatus or chamber that provides
favorable environmental conditions for embryo
development or egg hatching.

Infertile - unfertilized egg that will not hatch.
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Shell membranes - two thin membranes that surround the
yolk and the albumen. The membranes provide
protection against bacterial invasion.

Somite - segment of tissue in the vertebrate embryo that
becomes muscle, bone, etc.

Yolk - the round, yellow mass that provides nutrients for
the developing embryo.

Equipment and Materials Required:
Incubator

Sharp, pointed, dissecting scissors
Magnifying glass or dissecting microscope
Petri dish

Metric ruler

Forceps

Dropper

One fertile egg incubated for 24 hours
One fertile egg incubated for 14 days
One fertile egg incubated for seven days
One unfertilized egg

Paper towels

Procedures:
Activity 1

1. Candle a fertilized and unfertilized egg by holding a
light up to the egg to examine the contents.

2. Break the unfertilized egg into a petri dish.
3. Examine the shell and notice the shell membrane.

a. Examine the yolk and look for a small, white
spot called the blastodisc.

b.  Observe the clear fluid surrounding the yolk
(egg white or albumen).

c. Locate the air space on the large end of the

egg.
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9.

1.

2.

10.

11.

12.

Locate the two white, cord-like structures called the
chalaza. Use forceps to pull on one cord; observe
what happens.

Measure the small, white, round dot on the surface
of the yolk (germ disk).

Locate the air space between the shell membrane
and the shell.

Rotate to the next work station to observe, following
steps 6-11. Record results.

Key Questions:

How many pairs of somites can be observed?

Where do the blood vessels lead? What function do
you think they perform?

How is the germinal disk held on top of the egg? ___

What is the shell’s function for the developing
embryo?

What does the egg white provide for the developing
embryo?

What does the yolk provide for the developing
embryo?

What is parthenogenesis?
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8. Compare a chick’s development to human embryo
development.

9.  Why must an egg be turned during the incubation
process?

10. How does the embryo get air during the incubation
process?

11. Why is temperature and humidity so important
during incubation?

Credits:

Flanders, F., and R. Herren. Lab Manual to Accompany
the Science of Animal Agriculture. Albany, NY: Delmar
Publishers, Inc., 1994.

Lee, J. S., and D. L. Turner. Introduction to World
AgriScience and Technology (Activity Manual). Danville,
IL: Interstate Publishers, Inc., 1994.
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Applications:

It is difficult to examine embryo development of most
animals because they develop in the placenta within the
mother’s uterus. Chick embryos develop outside the
mother’s body, providing an easy way to study embryo
development.

A fertile chicken egg requires an incubation period of 21
days at the proper temperature and humidity. Chick
embryos closely resemble those of mammal embryos.
During the early stages of development, it is difficult to
distinguish a chick embryo from a human embryo.

Extension:
Acquire 21 fertilized eggs, incubate, and crack one egg
each day for 21 days to see the development.
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Many factors affect seed germination, including
germination potential of the seed itself. How can the
viability of seeds be tested?

Activity Objectives:
1.  Observe and measure germinating seeds.

2. Explain how moisture, temperature, air, and light
affect seed germination processes.

3. Explain how planting depth and soil conditions affect
germination processes.

4. Describe the stages of seed germination, including
the function of major seed parts.

Vocabulary Terms:
Cotyledon - first leaf to be developed by the embryo; also
called the seed leaf.

Dormancy - a condition of interrupted in which the plant
does not begin to grow without special environmental
cues.

Embryo - any organism in its earliest stages of
development.

Endosperm - nutritive portion in the seed, which contains
stored food for the growing plant during germination.

Germ - embryo of the seed.

Germination - sprouting of the seed and the beginning of
plant growth.

Hypocotyl - the short stem of an embryo seed plant;
portion of the embryo seedling’s axis between the
attachment of the cotyledons and the radicle.

Owule - egg-containing unit of the ovary that develops
into a seed after fertilization.
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Radicle - part of the seed embryo that develops into the
root.

Seed - fertilized ovule containing an embryo, which forms
a new plant upon germination.

Viability - the capacity of seeds to germinate.

Equipment and Materials:
Per student:
10 turnip seeds or Wisconsin Fast Plants seeds
(Rapid Cycling Brassica rapa, available from
Carolina Biological Supply Co.)
Petri dish
Piece of filter paper (9 cm, No. 2)
Forceps
Plastic grid sheet
Water reservoir (plastic, 2-liter bottle)
Graph paper
For TZ Test (per student):
10-20 sweet corn seeds
1 g of 2,3,5 triphenyl tretrazolium chloride (TZ)
(available from science supply companies or
Crop Improvement Association)
Small container to soak seeds
Single-edged safety razor or utility knife
Paper towels
Magnifying lens
For entire class:
Hand lens or steriomicroscope
Fluorescent light bank
For Rag Doll Test:
Paper towels
Rubber bands
Seeds (instructor’s choice)
Plastic bags
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Procedures:

Germination observation, day 1

1. Cut out the plastic grid and place in the top of a
petri dish. (A small amount of water between the
plate and the plastic will help keep the grid flat.)
Smooth out any wrinkles or air pockets.

2. Label the edge of the filter paper with seed type,
date, time of sowing, and initials or name.

3. Place the filter paper over the grid in the top of a
petri dish. Wet the paper thoroughly.

4.  With forceps or fingers, place 10 seeds along the
top line of the grid. (Even seed placement will
make measurement easier later.)

5.  Cover with the bottom half of the petri dish.

6. Place the petri dish with seeds at the top at a slight
angle in the water reservoir.

7. Add water to a depth of 2 cm in the reservoir.
8. Place under fluorescent lights.

Day 2

Observe germination. Record data. Look for any

changes in seed size; shedding of the seed coat; or
emergence of primary root, root hairs, cotyledons, and

;
NAME , DATE, | )ET
SEED TYPE  chei

>/

L
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young shoots. Examine with a hand lens or
steriomicroscope. Measure the length of root and record.

Day 3-5
Observe seedlings. Record observations of the root and
hypocotyl on Table 1 and 2.

Table 1 - Germination No. of seeds placed on paper:
No. of seed | No. of radicles | Changes in | Changes in
coats split emerged hypocotl root
Day 2
Day 3
Day 4

Table 2 - Root length (millimeters)

Seed number

1 2 3 4 5 6 7 8 9 10

Day

Day

Day

The TZ Test

1. After soaking, cut the seeds to be tested lengthwise
through the center to expose the full length of the
germ.

2. Immediately place one-half of each sectioned seed
in a 1% solution of TZ. Discard the other half. In a
warm water bath, warm the solution to 85-100°F
and let the seeds soak for 30-45 minutes.
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Remove seed halves from the solution and wash
several times in cool water. Enough water should
be retained after the final washing to completely
cover the seed. Examine seeds for color changes.

Actively respiring parts of the germ will become red
or deep pink. The more staining, the higher the
degree of enzyme activity. When the entire germ of
the seed is red, the seed is alive and capable of
germinating.

NOTE: TZ changes to red whenever it contacts
living tissue. In living tissue, enzymes change TZ to
formazan, whereas in nonliving tissue, these
enzymes are not active.

Ragqg Doll Test

1.

Place two layers of moistened paper towels on a
table and evenly space 25, 50, or 100 seeds on top
of the towels. (The number will depend on seed
availability. Using 100 seeds will make a more
dependable test and make it easier to determine
germination percentage.)

Cover the seeds with another two layers of
moistened paper towels.

Fold over each edge of the towels about 2.5 cm.
Roll the towels and enclosed seeds into a tube (like
a rag doll).

Place a rubber band around the top and bottom of
each rag doll. Insert the rag dolls into plastic bags
to prevent moisture loss. Place the rag dolls upright
at room temperature. If moisture loss occurs, water
as necessary.

After seven days, count the number of germinated
seeds to get the germination percentage. A seed
must have a shoot and a radicle to be counted.
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Key Questions:
1. Do the seeds appear to change in size before they
split? Why?

2.  What is the first structure that emerges from the
seed? What does it do?

3. At what point in development does chlorophyli first
appear?

4.  Why didn’t some seeds germinate?

5. Why does seed size have an effect on planting
depth?

6. What are essential elements for seed germination?

Credits:

Wisconsin Fast Plants Manual. Madison, WI: Wisconsin
Fast Plants Program, University of Wisconsin-Madison
Department of Plant Pathology. Burlington, NC: Carolina
Biological Supply Company, 1989. Reproduced with the
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permission of Carolina Biological Supply Co., Burlington,
NC 27215, and Wisconsin Alumni Reserach Foundation,
Madison, WI 53707.

Osborne, E., J. Moss, and A. Stahl. Biological Science
Applications in Agriculture: Plant Science (Teacher’s
Guide). University of lllinois, Urbana-Champaign:
Agricultural Education, 1993.




’ Plant and Crop Science: Germination |

Applications:

Seed germination is a critical step in seedling
establishment. The production of high-quality seed is
tedious and expensive. Some seeds for greenhouse
crops are difficult to produce and are very costly.

All commercially produced seed is subjected to a trial
germination test. Several tests estimate the germination
potential of seeds under ideal conditions. The actual
germination of seed is affected by seed condition,
planting procedures, soil conditions, and other environ-
mental factors.

Growers have direct control over many of these factors
and can adjust planting practices to align with planting
conditions. First, they must understand how
environmental conditions affect seed germination.

Extensions:
1. Use different types of soil.

2. Plant seeds at different depths.
3. Follow up this activity with the Tropism activity.

4. Divide the number of student experiments equally
and conduct the following. Have students record
results. Afterward, share results and conclusions of
each student’s experiment. Experiment with at least
two petri dishes in each control area.

a. Continue to observe the seedlings. Record
germination percentages and average root
and hypocotyl lengths over a week’s time.
Plot these averages versus time (days).

b.  To determine the effect of light on germination
and seedling development, completely cover a
specified number of petri dishes with
aluminum foil so they receive no light.
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Compare the rate of germination, color, and
size of seedling development.

c. To determine the effect of temperature on
germination and seedling development,
prepare the following temperature tests:
Incubate at freezer temperature, refrigerator
temperature, room temperature, and at
incubator temperature (warmer than room
temperature). (A small light bulb in a box
makes a good incubator.) Be sure to record
the different temperature results.
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The Tetrazolium Test for Seed Viability in Corn

Black areas indicate stained and living tissue; white areas represent unstained and dead
tissue.

1 2 3 4 5 6 8
9 10 1 12 13 14 @
No. 1 GERMINABLE. Entire embryo stained bright red.
No. 2-4 GERMINABLE. Extremities of scutellum unstained.
No. 5-6 GERMINABLE. Extremities of scutellum unstained; non-critical portions of radicle
unstained.
No. 7-8. NON-GERMINABLE. Area where seminal roots originate is unstained.
No. 9 NON-GERMINABLE. Plumule unstained.
No. 10 NON-GERMINABLE. Central portion of scutellum and area of seminal root
development unstained.
No. 11 NON-GERMINABLE. Plumule and radicle unstained.
No. 12 NON-GERMINABLE. Unstained area on lower scutellum and radicle extends into
region where seminal roots develop.
No. 13 NON-GERMINABLE. Scutellum entirely unstained.
No. 14 NON-GERMINABLE. Scutellum and radicle unstained.

No. 15 NON-GERMINABLE. Stain very faint pink.
No. 16 NON-GERMINABLE. Entire embryo unstained.

7

Credit: Osborne, E., J. Moss, and A. Stahl. Biological Science Applications in Agriculture:
Plant Science (Teacher's Guide). Urbana-Champaign: Agricultural Education, University of
lllinois, 1993.
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Using scientific names helps people speak a universal
language, regardless of their country of origin. This
activity will explore taxonomy, the science of classifying
organisms into systematic groups.

Activity Objective:
1.  Recognize characteristics of leaves.

2. Use characteristics of leaves and a classification
key to identify plants.

Vocabulary Terms:

Binomial nomenclature - two-part scientific name made
up of genus and species. An abbreviation of the scientist
who named the plant often follows the scientific name.

Cotyledon - first leaf to be developed by the embryo; also
called the seed leaf.

Cultivar - crop variety that is cultivated and retains its
features when reproduced.

Dicots (dicotyledon) - plants with seeds that have two
cotyledons or seed leaves, such as beans.

Divisions in classification - kingdom, phylum (or division),
class, order, family, genus, species (KPCOFGS).

Monocotyledon - plant having a single cotyledon or seed
leaf, such as corn.

Scientific name - two-word name of an organism.
Taxonomy - science of classifying organisms and other
objects into systematic groups, such as species, genus,

family, and order.

Variety - group of related organisms in a species.
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Equipment and Materials:
Different tree leaves and tree parts to use for
identification (at instructor’s discretion)

Background:

To identify a leaf, decide which statement in the following
key best fits the leaf characteristics. At the end of that
statement is a number telling you which statement comes
next. If the statement is followed by a name, you have
identified the plant. Continue the process until you have
identified each leaf. Place the correct name in the blank
by its picture and/or plant specimen.

This key is a simplified version of a technical key that
agri-scientists use to identify various plant species. This
key uses only a few of the phyla of plants and lists
characteristics of only those phyla, classes, etc., that are
needed in this exercise.

Phylum of Kingdom Plantae

A. Pterophyta - ferns

B. Coniferophyta - conifers (gymnosperms):

1. If leaf is needlelike, go to 2.

1. If leaf is scalelike, go to 5.

2. If needles are in clusters, go to 3.

2. If needles are not in clusters, go to 4.

3. The needles are in clusters of two and three,

slender and flexible, and yellow-green. The
tree grows on dry, sandy soils in the southern
part of Missouri.

Order: Pinales

Family: Pinaceae (pine)

Scientific name: Pinus echinata Mill.
Common name: shortleaf pine
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4. Needles are not in clusters and are arranged
in compact spirals around the twigs; each
needle is four-sided and nearly square. The
tree produces egg-shaped or rounded cones.

Order: Pinales

Family: Pinaceae (pine)

Scientific name: Picea mariana (Mill.) B.S.P.
Common name: black spruce

5.  Needles are opposite each other in rows and
usually small and scalelike; it has a scalelike
stem; twigs are flattened or angled with a dot
on the gland (underneath).

Order: Pinales

Family: Cupressaceae (cypress)
Scientific name: Juniperus virginiana L.
Common name: eastern red cedar

C. Ginkgophyta - ginkgos: This tree has fan-shaped
leaves, slightly wavy on the broad edge, and often
two-lobed. This species is the only one of its family
worldwide.

Order: Ginkgoales

Family: Ginkgoaceae

Genus and species: Ginkgo biloba L.
Common name: maidenhair tree

D. Anthophyta - flowering plants (Its sex organ is the
flower.):

* Class: Monocotyledon - Young plant has one seed
leaf; leaf veins are parallel. Examples are grasses,
sedges, lilies, irises, palms, and corn.

5. If leaf has parallel veins, go to 6.
5. If leaf has veins like a net, go to 7.
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6. The leaf is narrow, parallel-veined, thick, stiff,
and bordered by tiny teeth; bayonet-like
leaves are crowded and spreading at the top.

Order: Liliales

Family: Liliaceae (lily)

Scientific name: Yucca aloifolia L.
Common name: aloe yucca

* Class: Dicotyledon - Young plant has two seed
leaves; leaves have net-like veins. Examples are
roses, maples, oaks, and elms.

7. If leaf is compound and made of three or
more leaflets, go to 13.

If leaf is simple (one piece), go to 8.

If leaf edge is smooth, go to 10.

If leaf edge is not smooth, go to 9.

If leaf edge is like a saw blade, go to 11.
If leaf edge has sharp points and deep
indentations, go to 12.

© ©®xN

10. The leaf is oblong, thick, and firm with edges
slightly turned under. It has a shiny, bright
green color on top and is pale green with rust-
colored hairs beneath. The tree produces
large, white, fragrant flowers.

Order: Ranales

Family: Magnoliaceae (magnolia)
Scientific name: Magnolia grandiflora L.
Common name: southern magnolia

10. The leaf is heart-shaped with a broad, short
point, and 5-9 main veins in leaf.

Order: Rosales

Family: Leguminosae (legume)
Scientific name: Cercis canadensis L.
Common name: eastern redbud
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11. The leaf is broad with three or five shallow,
short-pointed lobes, wavy edges with
scattered large teeth, and 3-5 main veins from
the base.

Order: Rosales

Family: Platanaceae (sycamore)
Scientific name: Platanus occidentalis L.
Common name: American sycamore

12. The leaf is elliptical with spiny points; coarse,
spiny teeth; and is thick, stiff, and leathery.

Order: Sapindales

Family: Aquifoliacae (holly)
Scientific name: llex opaca Ait.
Common name: American holly

13. The leaf is compound with leaflets alternately
attached to twig. It has slightly sickle-shaped
leaflets that have long points at the tip and a
fine, saw-toothed edge.

Order: Juglandales

Family: Juglandaceae (walnut)

Scientific name: Carya illinoensis (Wangenh.)
K. Koch

Common name: pecan

14. The leaf is compound with leaflets in pairs,
except at the tip. It is elliptical-shaped without
teeth.

Order: Rosales

Family: Leguminosae (legume)

Scientific name: Robinia pseudoacacia L.
Common name: black locust

Procedures:
By the picture of each example, write the phylum, order,
family, scientific, and common names. (Remember that
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the scientific name is always italicized [underlined] with
only the first word capitalized.)

1. Phylum -
Order -
Family -
Scientific name -
Common name -

2.  Phylum -
Order -
Family -
Scientific name -
Common name -

3. Phylum -
Order -
Family -

Scientific name -
Common name -
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4. Phylum -
Order -
Family -
Scientific name -
Common name -

5. Phylum -
Order -
Family -
Scientific name -
Common name -

6. Phylum -
Order -
Family -

Scientific name -
Common name -

7. Phylum -

Order -

Family -

Scientific name -

Common name -
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8. Phylum -
Order -
Family -
Scientific name -
Common name -

9. Phylum -
Order -
Family -
Scientific name -
Common name -

10. Phylum -
Order -
Family -
Scientific name -
Common name -

11. Phylum -
Order -
Family -
Scientific name -
Common name -
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Key Questions:
1. What is taxonomy?

2.  Why is the use of scientific names important?

3. What are the seven levels of the classification
system?

4.  What are the scientific names for the following crop
plants? (See the instructor for reference material, if
needed.)
Wheat -
Com -
Cotton -
Soybeans -

5.  What are the scientific names for the following
trees?
White oak -
Sweet gum -
Shortleaf pine -

Credit: Lee, J. S,, and D. L. Tumer. Introduction to
World AgriScience and Technology (Activity Manual).
Danville, IL: Interstate Publishers, Inc., 1994.
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Conclusions:

In agriculture, plants and animals are identified by their
common names. When scientific names are used, agri-
scientists can communicate more accurately about plants
and animals. Many people in agriculture use science and
therefore need to know about scientific names. Scientific
names are universal; an organism has the same scientific
name in all parts of the world.

An example is Zea mays. This plant is commonly called

corn in North America. However, it is known as maize in
other parts of the world. Scientific names help us refer to
organisms in a universal language.

Extension:
Collect, identify, and mount plant specimens common in
your area.
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Have you ever wondered how clean the water is in which
you drink, swim, or bathe? Water is such an essential
part of our ecosystem that our survival depends on
maintaining water quality. In this activity, you will explore
ways to test for water quality. You will see how
monitoring an indicator species gives us clues about what
is happening in the environment.

Activity Objectives:
1. Demonstrate how an indicator species can be used
to monitor a water supply.

2. Test the susceptibility of common duckweed to a
variety of contaminants.

Vocabulary Terms:
Bioassay - use of a living organism to test the effects or
presence of a substance

Effluent - liquid or dissolved waste from a commercial,
industrial, or agricultural operation.

Frond - leaf structure of duckweed.
Hydrophobic - incompatible with or insoluble in water.

Indicator species - plant or animal species that is used to
monitor the health of an ecosystem.

Leach - ability of a substance to move through the soil
over time.

Leachate - liquid that has percolated through solid waste
or other medium and may contain extracted, dissolved, or
suspended particles from the medium.

Point source contamination - pollution that comes from an
identifiable source or has been concentrated in one area.
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Equipment and Materials:

Six teams of 2-5 students each

Six 2-liter plastic soda bottles with caps
Distilled water

100 ml of 5 percent detergent solution

100 ml graduated cylinder

10 ml graduated pipette

48 two-frond colonies of duckweed (Lemna sp.)
Hand lens for counting fronds

Graph paper

Liquid fertilizer (mixed to standard strength)
Scalpel

Felt-tip marker

Procedure:

1. Cut the colored base of the bottle to make a
pedestal. Cut down the colored plastic to about
7 mm above the bottom. Cut around the base until
the excess is removed. Make sure you leave
enough of the bottle base so that the bottle sits
without rocking. (See Figure 1.)

2. Mark cutting lines with the  Figure 1
felt-tip marker. Cut A should
be made about 7 mm below
the shoulder. Cut B should
be about 7 mm above the  f------ - - CutA
hip.

3.  Cut the bottle as marked in
Figure 2. Discard the middle

secton. b -=----- - - CutB

4. Label the observation dishes
with your team name and the following:

A - Control D-1x102 X
B-1X E-1x10° X
C-1x10" X F-1x10* X

These concentration values are listed in scientific
notation. This style is a convenient way to express
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very small or very large numbers. A value of
1x107'=0.1, 1x10?=0.01, 1x10°=0.001, and
1x10=0.0001.

Nutrient solution preparation: 1T
liquid fertilizer per gallon of water (or
according to label directions).

5. Fill dish A with 90 ml distilled water.
This is the control.

6. Fill dishes C, D, E, and F with 90 ml distilled water.

7.  Fill dish B with 100 ml of the 5 percent detergent
solution.

8.  With the graduated pipette, take 10 ml of liquid from
dish B and add to dish C. Mix well.
NOTE: It is important to completely rinse and drain
the pipette between dilutions so that dilutions will be
accurate.

9. Take 10 mi offliquid from dish C and add to dish D.
Mix well. Rinse pipette.

10. Take 10 ml of liquid from dish D and add to dish E.
Mix well. Rinse pipette.

11. Take 10 ml of liquid from dish E and add to dish F.
Mix well. Rinse pipette.

12. Take 10 ml of liquid from dish F and discard.

10ml 10mi 10 ml 10ml 10 ml

(N NNV

\s /U ¢ /U b JU E JU ¥ J nobiscarp

Diagram of dilutions




Plant and Crop Science: Water Quality

13. Add 5 ml of liquid fertilizer solution to each dish.

14. Place eight two-frond colonies of duckweed into
each dish and cover them. Try to pick plants where
the two fronds are about the same size to ensure
that they are at approximately the same stage of
growth.

Frond

Rootlet

Single-frond plant Two-frond plant Triple-frond plant
showing
new frond bud

15. Place dishes under artificial light so they get 24
hours of light a day.

16. Observe the dishes every 24 hours for four days (96
hours) for:
* Total number of fronds (Record number each
day.)
* Note changes in color.
* Note any changes in appearance (roots broken off,
colonies broken apan, etc.).
* Compare general frond size in relation to the
fronds in the control dish.

NOTE: Each team member should count the fronds
in each dish to ensure accuracy.
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17. After 96 hours, graph the data (i.e., number of
fronds) and write your conclusions.

Hours of exposure

Dish 0 24 48 72 96

Dish A
(control)

Dish B
(1X)

Dish C
(0.1X)

Dish D
(0.01X)

Dish E
(0.001X)

Dish F
(0.0001X)

Key Questions:
Day 1
1. How does detergent affect duckweed growth?

2.  What do you expect the duckweed to do in the
different concentrations?

3.  Which colonies do you expect to reproduce
normally?

4. Which colonies do you expect to reproduce more
slowly or die completely?

5. What is the affect of leachate on duckweed?
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6. Does the rate of leaching vary over time?
Why?

Credit: "AgriScience Institute and Outreach Program
Instructional Materials." Alexandria, VA: The National
Council for Agricultural Education, 1992.
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Applications:

Concerns for the quality of surface and groundwater are
ever growing as we become more aware of threats to our
health and the health of our planet. Agricultural pesti-
cides and fertilizers are often suspect in water quality
issues. What are some reasons that water becomes
contaminated with agricultural pesticides and fertilizers?

Testing and monitoring water is costly for government
and commercial laboratories. Researchers are searching
for reliable, accurate testing procedures and indicator
species that will make water quality monitoring
economically feasible.

Common duckweed (Lemna minor), a tiny floating aquatic
plant found all over the world, is getting much attention
as a water contamination indicator species. Duckweed,
because of its broad sensitivity range, can also be used
as an indicator species to test landfill leachate,
groundwater quality, surface water quality, and
agricultural chemical leachate.

Duckweed toxicity testing has been accepted and used
by the EPA (Environmental Protection Agency) and
private industrial laboratories. However, duckweed does
not measure the degree of contamination or the identity
of the contaminant. It only suggests that water quality
has been affected, and further methods of source
contamination testing need to be investigated.

Extensions:
1.  Use different leachates on duckweed.

2.  Design a system to monitor environmental changes
using duckweed.

3.  Use substances other than a chemical detergent,
such as coffee, soda, or gasoline.
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In nature, competition between plant species results
when one species limits the supply of nutrients, water,
light, or other necessities. Some plants produce
substances that actively inhibit growth of others, while
auxins stimulate growth. Still other regulators can modify
plant growth. This activity explores the effects of
gibberellic acid, a growth stimulant.

Activity Objectives:

1. Investigate the role of one class of hormones, the
gibberellins, by treating plants with gibberellic acid
(GA) and observing the results.

2. Explain how growth regulators affect life and growth
processes within a plant.

3.  Describe the nature and source of plant growth
regulators.

4. Explain recommended practices for applying and
using plant growth regulators.

Vocabulary Terms:
Auxin - substance that promotes the growth of plants; a
plant growth hormone.

Cotyledon - first leaf to be developed by the embryo; also
called the seed leaf.

Hormone - chemical substance produced in minute
amounts in one part of an organism and transported to
another part of the same organism, where it has a
specific effect.

Internode - stem region between nodes.

Node - a region of the stem where one or more leaves
are attached in a knob-like enlargement.
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Plant growth regulator - synthetic or natural organic
compound that promotes, inhibits, or modifies plant
growth.

Equipment and Materials:
Hormone Kit (Carolina Biological, 15-8728 or 15-8730)
Rulers

Procedures:

Day 1

1. Following the kit's "Growing Instructions," plant each
of two cells of your quad with three wild-type seeds.
Label one, "Wild Type, Water," and the other, "Wild
Type, GA." Plant each of the other two cells of the
quad with three rosette seeds. Label one cell,
"Rosette, Water," and the other, "Rosette, GA."

Follow the procedures in the "Growing Instructions"
to the end of the life cycle of the plants, adding the
steps listed below.

2. Label one pipette "Water" and the other "GA."
NOTE: There is no activity on days 2-7.

Day 8 to 16 (starting on Day 8 and alternating days until

flowering)

1. Record plant height (distance along the stem from
the point of cotyledonary attachment to the very tip
of the plant). Measure to the nearest millimeter and
record on Table 1.

2.  According to the treatment labels, apply one drop of
GA or water to each leaf on the plants. Use the
proper pipette.

Day 20
Pool the class data and calculate averages for each
date. Using class averages, construct two growth
curve graphs--one for the wild-type plants and one
for the rosette plants (Graph 1).
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Key Questions:
1. What is the effect of GA on plant growth in the
rosette mutant?

2. What is the effect of GA on plant growth in a wild-
type plant?

3. How can you explain the variation in response found
within the class for the treated rosette plants?

4. Compare the water-treated plants and the GA-
treated plants. Do results prove that the rosette is a
gibberellic-acid-deficient mutant? Explain.

5. How would varying the application’s location affect
plant response?

6. What environmental factors can affect stem
elongation?

Credit: Wisconsin Fast Plants: Investigating Plant
Physiology. Madison, WI: Department of Plant
Pathology, University of Wisconsin-Madison. Burlington,
NC: Carolina Biological Supply Company, 1987.
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Table 1. Plant Height.

Name Date of planting

Height (in mm)

Wild-type plant Rosette plant
Age Water-treated GA-treated Water-treated GA-treated
of Class Class Class Class

Date | plants | Yours avg. Yours avg. Yours avg. Yours avg.

Graph 1. 22
20

18

16

£ 14
g 12
bt 10
5 8
£ 6
4

2

0

8 10 12 14 16 18 20
Days after planting
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Applications:

Plant growth regulators have many uses in agriculture
today. Auxins are used to stimulate root growth in plant
cuttings, promote uniform fruit setting on fruit trees,
prevent premature fruit drop, thin fruits, prevent sprouting
in woody ornamentals, initiate roots and shoots in tissue
culture, and control weed growth (herbicides).

Gibberellin is used to break seed dormancy, increase the
size of seedless grapes, lower growing temperatures,
cause flowering in long-day plants, cause some lettuce
seeds to germinate in darkness, increase the size and
crispness of celery stalks, and increase the release of
sugars from the endosperm of grains during malting.

Growth inhibitors are used to prolong vegetable storage
life, retard shoot growth in potted plants, induce shoot
development in tissue culture, reduce wind damage in
wheat by shortening straw length, and place nursery
plants in a temporary state of dormancy for shipping.

Extensions:
1. Do a similar activity using a growth retardant.

2. Use more control groups, such as light vs. darkness,
amount of water vs. no water, and warm vs. cool
temperature.
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Herbicides play an important part in our lives. Without
herbicide use, weeds would do severe damage to crops
and significantly lower production yields. How do
herbicides know which species of plant to kill?

Activity Objectives:
1.  Explain the difference between selective and
nonselective herbicides.

2. ldentify factors that affect the genetic resistance of
plants to herbicides.

3. Describe the effects of different herbicides on
selected plants.

4. Compare the response of monocotyledon and
dicotyledon plants to applications of specific weed
killers.

Vocabulary Terms:
Adjuvant - substance added to a herbicide to aid in spray
retention.

Cuticle - thin membrane that covers all above-ground
parts of a plant.

Epinasty - condition when leaves turn downward due to
more rapid growth of upper layers of cells; opposite of
hyponasty.

Glycolysis - breakdown of carbohydrates by enzymes.

Herbicide - chemical used to kill unwanted plants
(weeds).

Interception - initial herbicide contact on a leaf surface.

Nonselective herbicide - herbicide that will kill any plant
that it contacts.
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Phloem - inner bark of stems that conducts food from the
leaves downward to the roots.

Retention - percentage of intercepted spray that is held
on the leaf surface.

Selective herbicide - chemical that will kill weeds but
results in little or no injury to the crop plant or turf.

Translocation - movement of herbicide throughout the
plant.

Xylem - woody plant tissue under the bark that transports
water and nutrients from the roots upward to the stems
and leaves.

Equipment and Materials:

Monocotyledon and dicotyledon seeds (Corn and
soybeans or oats and radishes work well.)

Planting flats or small pots

Potted broadleaf plants

Selective herbicide (2,4-D, 2,4,5-T, MCPP, Weed-B-
Gon™ and Grass-B-Gon™ are readily available at
garden stores.)

Non-selective herbicide (Roundup™, Kleenup™)

Procedures:
Selective vs. nonselective herbicides

1. Mix monocotyledon and dicotyledon seeds together
and plant three flats of the mixture.

2.  After plants are growing well (about 4" tall), spray
one flat with selective herbicide using the label-
specified concentration. (Premixed formulas in spray
bottles are available in garden stores.)

3. Spray the second flat with the nonselective
herbicide. The third flat will be used as the control.
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4. In Table 1, record observations of all flats twice a
week for a period of two weeks. Maintaining normal
environmental conditions.

Table 1

Flat #1 Flat #2 Flat #3
Treatment: Treatment: (Control)

Date

Herbicide uptake, translocation and action
1. Obtain four broadleaf potted plants. A fifth plant
can be used as a control.

2.  On one plant, apply one drop of the selective
herbicide to one side of the stem.

3.  On another plant, apply one drop of the
nonselective herbicide to the stem.

4. Using one herbicide for each of the other plants,
coat a portion of the stem and 1-2 leaves.
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Table 2

Dates-->

Plant #1
Treatment:

Plant #2
Treatment:

Plant #3
Treatment:

Plant #4
Treatment:

Plant #5
(Control)

5. On Table 2, record observations of all four potted
plants twice a week for two weeks. Maintain normal
environmental conditions.
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Foliar-applied herbicides

1.  Label one plant of each species as "complete"
coverage and the other of each species as "single-
leaf" coverage.

2. Separate the complete and single-leaf treatment
plants into two areas. For the complete coverage
group, spray 2,4-D over the entire foliage surface
until leaves are wet to the point of dripping.

3. For the single-leaf treatment plants, select one of
the largest leaves on each plant and mark by
placing a small amount of clear tape around the
petiole. Isolate this leaf from other leaves with a
sheet of plastic wrap or another nonabsorbent
material. Do this for one leaf on each of the three
plants.

4.  Spray the selected leaf of each of these plants until
the entire surface area of the leaf is covered to the
point of runoff.

5.  Write a brief description of each plant’s condition on
day 1 of the experiment. Observations should
include: species, size, total number of leaves,
number of leaves showing some injury or deficiency,
nature of injury or deficiency observed, extent of
injury or deficiency symptoms on leaves, and other
similar factors.

6. Maintain the same favorable environmental
conditions for all six plants for the next 10 days.
Follow a normal daily schedule for watering.

NOTE: In subsequent experiments, environmental
conditions could be varied.

7.  Make observations on days 4, 7, and 10. Write a
brief description of these observations; include
information described in step 5.
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Key Questions:
1.  How do herbicides work within the plant to cause
injury or death?

2. Why are some herbicides selective in terms of
classes of plants they affect?

3. Why are some herbicides selective in the plants
they affect?

4. What makes other herbicides nonselective?

5. Why do some foliage-applied herbicides remain on
plant tissues only where they are applied, where
others are translocated throughout the plant?

6. Why are climatic conditions important when applying
herbicides?

7. Why is timing and application method important?
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8. How does rate of application affect overall herbicide
effectiveness?

9. How do plant characteristics and life processes
affect herbicide activity within the plant?

10. How do herbicides enter the plant?

11. How do herbicides work within the plant to cause
injury/death?

Credit: Osborne, E., J. Moss, and A. Stahl. Biological
Science Applications in Agriculture: Plant Science
(Teacher’s Guide). Urbana-Champaign: Agricultural
Education, University of lllinois, 1993.
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Applications:

The use of herbicides for weed control is an important
practice in many areas of plant growth. More than 100
organic herbicides are available for weed control in the
U.S. With this many herbicides on the market, growers
must be well informed about the most effective herbicides
for a crop situation.

Producers and homeowners must be aware of the
diversity of herbicide products so weed control can be
effective, economical, and safe. Reading and following
the label is essential. Misapplication or poor selection of
herbicides can have a big impact, both financially and
environmentally. Yields can be greatly reduced, or entire
crops can be lost, if weed control is poor.

Herbicides are an important part of agriculture and
feeding the world’s population. However, herbicide
misuse can have a damaging effect on the environment.
Application rates, timing, climatic conditions, methods of
application, and the size and types of plants are
important considerations when applying herbicides.
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Plants convert sunlight into chemical energy in a process
called photosynthesis. The rate of plant growth can be
controlled by increasing or decreasing one or more of the
requirements for photosynthesis. These mini-activities
will explore how the process can be manipulated to
produce plants when needed.

Activity Objectives:
1. Identify components of the photosynthesis reaction.

2.  Write the chemical reaction for photosynthesis and
discuss the components that are products of the
reaction.

3. Predict the effect on photosynthesis when one or
more of the necessary inputs are unavailable to the
plant.

Vocabulary Terms:

Chlorophyll - substance present in all green plants.
Chlorophyll transforms light energy from the sun into
chemical energy to manufacture plant food from carbon
dioxide, water, and essential soil minerals.

Chiloroplasts - minute objects within plant cells that
contain the green pigment, chlorophyll.

Photosynthesis - process by which green plants, using
chlorophyll and the energy of sunlight, produce
carbohydrates and release oxygen.

Respiration - chemical process that takes place in living
cells, whereby food is "burned" to release energy and
waste products (mainly carbon dioxide and water).

Rate of Photosynthesis

Equipment and Materials:

Anacharis (Elodea) from aquarium supply
Sodium bicarbonate (baking soda)

Four test tubes
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Test tube rack
Bright light source
Four glass stirring rods or cut pieces of glass tubing

Procedure:
1.  Fill four test tubes with water to within 4 cm of the
top.

2.  Cut four pieces of Anacharis that have been grow-
ing in bright light and are cut about 6 cm long.

3. Wind the pieces around a glass stirring rod or piece
of glass tubing; immerse each in a test tube.

4. Add a small amount of sodium bicarbonate to each
test tube.

5. Place one test tube under a bright light, the second
in daylight, place the third in diffuse or dim light, and
the fourth in total darkness.

6. Wait 15 minutes and observe the cut ends of each
plant.

7.  Count the number of bubbles given off of each plant
in one minute. Record results in Table 1.

Table 1 - Photosynthesis Data Table

Type of light Bubbles in | Bubbles in | Ave. per
1 min. 5 min. minute

Bright light
Daylight
Dim/diffuse light
Dark
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Sugar Production and Photosynthesis

Equipment and Materials:

Two coleus plants

Clinitest tablets (from drug store)
Two test tubes

Mortar and pestle

Beaker of water

Graduated cylinder

Filter paper

Funnel

Labels or wax marking pencil

Procedure:
1. Place one plant in the dark for 24 hours and the
other plant in sunlight for 24 hours.

2.  Select one leaf from the plant grown in the dark.
With a mortar and pestle, grind it with 20 ml of
water.

3.  Filter the results with filter paper in a funnel and
pour the liquid into a small test tube marked "dark."

4. Do the same with the plant that was in the sunlight
and label it accordingly.

5. Place a clinitest tablet into each test tube and shake
gently. Compare the colors with the color guide on
the tablets.

Photosynthesis and Starch

Equipment and Materials (per student or group):
Cornstarch

Test tube with about 25 mm of distilled water

Pinch of sugar

Ethyl alcohol

Hot plate or Bunsen burner

Pan

Petri dish
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Procedure:

1.  Place a pinch of cornstarch in a test tube with about
2.5 cm of water. Shake and add a drop of iodine
solution. Note the color that appears.

2. Repeat the cornstarch test, but substitute a pinch of
sugar for cornstarch. Note the color that appears. _

3.  Extract the chlorophyll from the covered leaf (in
Light and Photosynthesis activity), the petroleum
jelly leaf (in Carbon Dioxide and Photosynthesis
activity), and the variegated plant leaf (in Chlorophyll
and Photosynthesis activity).

Caution: Alcohol will burn and is likely to catch fire
if heated over an open flame. To avoid this, place a
beaker of alcohol in the pan of boiling water. Since
alcohol boils at a lower temperature than water, it
will boil freely before the water is hot enough to boil.
The alcohol will turn green as chlorophyll is
extracted.

4. When it has lost its green color, remove the leaf
from the boiling alcohol and place it in a petri dish.
Flood the leaf with Lugal’s iodine solution.

5.  Compare the portion of the leaf that was exposed to
light with the covered portion. Record your
observations.

Light and Photosynthesis

Equipment and Materials:
Black cardboard

Paper clips

Potted plant
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Procedure:

1. Cut a piece of black cardboard about twice the size
of a leaf and fold it in half so that it can be used to
enclose the leaf like the covers of a book.

2. Cut an irregular hole in the cardboard that is to
cover the top of the leaf.

3. Place the cardboard around the leaf and fasten with
paper clips.

4. Put the plant in a sunny location and leave for 1-2
days.

5. Remove the cardboard and determine if there is a
difference in appearance between the covered and
uncovered portions of the leaf.

Carbon Dioxide and Photosynthesis

Equipment and Materials:

Petroleum jelly

Cornstarch

Test tube with about 25 mm of distilled water
Pinch of sugar

Ethyl alcohol

Hot plate or Bunsen burner

Pan

Petri dish

Procedure:

1. Coat both the top and bottom surfaces of one-half
of a leaf from your stock plant with petroleum jelly
and leave the plant in ample light for 1-2 days.

2. Remove the leaf and test for the presence of starch
following the same procedure as in Photosynthesis
and Starch. The hot water and alcohol will remove
the petroleum jelly so it does not interfere with the
accuracy of the results.
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3. Compare the portion of the leaf that was coated with
petroleum jelly with the portion that was not.
Record your observations.

Chlorophyll and Photosynthesis

Equipment and Materials:

Variegated plant

Cornstarch

Test tube with about 25 mm of distilled water
Pinch of sugar

Ethyl alcohol

Hot plate or Bunsen burner

Pan

Petri dish

Procedure:

1. Remove a leaf from the variegated plant and sketch
which portions contain chlorophyll (green) and which
do not.

2. Remove the chlorophyll from the leaf following
procedures in the Photosynthesis and Starch
activity.

3. Test the leaf for the presence of starch.

4.  Sketch the leaf again, shading those areas that
show positive starch reaction.

5. Compare the two sketches.

Water and Photosynthesis

Equipment and Materials:

Potted plant

Cornstarch

Test tube with about 25 mm of distilled water
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Pinch of sugar

Ethyl alcohol

Hot plate or Bunsen burner
Pan

Petri dish

Procedure:

1. Withhold water from a potted plant until the leaves
begin to wilt. Keep the plant in plenty of light so
that the leaves remain green.

2.  Remove a wilted leaf and test for starch following
procedures in the Photosynthesis and Starch
activity.

3. Record your observations.

Key Questions:
1.  What made the difference in the rate of
photosynthesis?

2.  What does this experiment indicate about the
presence of sugar in each leaf?

3. Why is there a difference between the covered and
uncovered leaves?

4.  What were your findings in the Light and Photosyn-
thesis activity’s starch test as far as color and starch
manufactured?

5.  What was the purpose of using petroleum jelly on
the leaf? What did the iodine test tell you about the
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leaf portion that had petroleum jelly and the portion
that was exposed to air?

6. How did the sketch of the variegated leaf compare
with the sketch of the leaf in the starch test? What
does this tell you?

7.  What effect did the water-deprived leaf have on
photosynthesis in the starch test?

8.  Write and explain the equation for photosynthesis. __

9. What environmental factors or substances are
necessary for photosynthesis to occur?
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10.

Where in the plant does photosynthesis take place,
and how is the energy (sugar) produced used by the
plant?

11.

12.

Does photosynthesis occur in non-green plants?

What is the relationship between photosynthesis
and respiration?
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Applications:
All living organisms require a constant supply of energy
from some external source. If any components required
for photosynthesis are lacking, the plant growth will slow
down or stop.

As a crop producer or greenhouse operator, the
fundamentals of photosynthesis are important factors that
influence the success or failure of the crop. Researchers
are constantly seeking ways to increase plant
productivity. Increasing the process of photosynthesis is
one focus of research.
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When seeds germinate in the ground, it is important that
the roots grow downward and the stem upward. What
causes the shoot of a plant to grow toward the light and
the roots to grow down into the soil? This activity
explores the effect of light on plant growth.

Activity Objectives:
1. Describe the effects of tropism on plant growth.

2. Describe plant mechanisms that enable plants to
respond positively or negatively to gravitational and
light stimuli.

3.  Predict plant growth patterns under specified light
and gravitational conditions.

Vocabulary Terms:
Amyloplast - colorless plastid that stores starch and
influences the direction of plant growth.

Auxin - substance that promotes the growth of plants; a
plant growth hormone.

Coleoptile - protective sheath surrounding the emerging
shoot of grass seedlings.

Cotyledon - first leaf to be developed by the embryo; also
called the seed leaf.

Gravi-tropism - response of a shoot or root to the pull of
the earth’s gravity.

Hypocotyl - the short stem of an embryo seed plant;
portion of the embryo seedling’s axis between the
attachment of the cotyledons and the radicle.

Phototropism - plant growth response to sunlight in which
the plant or its parts seem to turn to face the light.

Tropism - a plant’s growth reaction to various external or
internal stimuli, usually in the direction of the stimuli.
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Equipment and Materials:

Lightproof, 35 mm plastic film canisters

Plastic film sheets (red, blue, and green)

1/4" hand-held paper punch

Clear plastic tape and black electrical tape

2 cm square pieces of blotting paper or absorbent paper
towels

Waterproof pen

Turnip seeds or RCBr seeds (available from Wisconsin
Fast Plants, Carolina Biological Supply)

3- to 5-day-old seedlings

Corn seeds

Small pieces of cardboard, 13 cm x 13 cm

Chlorine bleach, 5 percent solution

Straight pins

Plastic bags

Procedures:

Phototropism
1.  Make a phototropism chamber as follows:

a. Inthe sides of the film container, punch three
windows 20-22 mm from the bottom.

b.  Tape squares of colored plastic over the
windows with clear tape. Cover one window
with green film, one with red, and one with
blue.

C. Mark the lid with the waterproof pen to line it
up with the windows at the same locations
each day.

d. Place a square of wet blotting paper in the lid
of the film canister. The lid becomes the base
of the tropism chamber.

2. Place three seeds on the blotting paper or paper
towel. Close the chamber and put it, with the lid at
the bottom, under the light bank where all three
windows receive uniform light.
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3.

After 48-72 hours, open the chamber and observe
which way the plants have grown (toward which
color).

Gravi-tropism - Experiment A
1.

Set up a windowless chamber. Mark the top of the
lid with an arrow. Place a 2 mm square of blotting
paper in the lid and moisten.

Place three seeds on the blotting paper. Close the
chamber and place vertically with the lid at the
bottom.

After two days, observe seedlings and record
observations. Close the chamber tightly and place it
horizontally with the arrow pointing upward.

Examine the seedlings on the third day and record
observations. Replace the chamber horizontally
with the arrow pointing upward.

Examine the seedlings on the fourth day and record
observations.

Gravi-tropism - Experiment B
1.

Set up another windowless chamber. Mark the top
of the lid with an arrow. Place a 2 mm square of
blotting paper in the lid and moisten.

Cut off a 3- to 5-day-old seedling at the soil level.
Stick the cotyledons to the moistened blotting paper.
Close the chamber and place horizontally with the
arrow pointing upward.

Examine the orientation of the hypocotyl after 24
hours, 48 hours, and 5-7 days. Record
observations. After each examination, close the
chamber and place it horizontally with the arrow
pointing upward. Observe what is happening to the
very tip of the hypocotyl.
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Kernel of , Gravi-tropism - Experiment C
oo Pins 1. Soak corn seeds in a 5 percent solution of bleach
for 30 minutes to kill any mold spores attached to

the seeds.
@ @ 2. Soak the seeds in pure water overnight.

3. Select four seeds and pin to a piece of cardboard
so one seed points down, one points to the right,
one points to the left, and one points up.

4. Label the cardboard and place in a plastic bag with
two folded, moist paper towels at the bottom.

5. Hang the bag in a dark place to avoid any influence
of light.

6. After germination has begun (about two days),
inspect the cardboard daily.

7. Record observations of the direction of growth.
Observe both the root and the stem.

Key Questions:
1. What colored window did the seedlings grow toward
in the phototropism experiment?

2.  What do the following prefixes mean?

a. Photo -
b. Gravi -
c. Tropism -

3. In what direction would a seedling grow if a
darkened horizontal chamber was slowly, constantly
rotated? Why?




‘ Plant Science: Tropism |

4.  Which do you think is the more important factor
affecting the direction of plant growth: light or
gravity? Why?

5. How do germinating seeds and plants maintain an
upright orientation for growth? What makes the
shoots grow upward and the roots grow downward?

6. How do plants and germinating seeds respond to
directional changes in gravity?

7. Why do plants grow toward the center of a light
source?

Credit: Osborne, E., J. Moss, and A. Stahl. Biological
Science Applications in Agriculture: Plant Science
(Teacher’s Guide). Urbana-Champaign: Agricultural
Education, University of lllinois, 1993.
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Applications:

How do seedlings know which way to grow to emerge
above the soil? Why do plants on a window sill seem to
lean toward the light? Downward root growth and
upward shoot growth are essential for a plant’s survival.
The response to gravity and to light are thought to be
mediated by plant hormones called auxins, which affect
cell elongation.

In roots, perception of gravity appears related to the
settling of organelles called amyloplasts. When the plant
is turned, amyloplasts sink toward the source of gravity
and accumulate on the side of the cell that is currently
down. Curving of the roots results from asymmetrical
growth as the root elongates. Elongation of plant cells is
affected by auxins or plant hormones. Auxins stimulate
cell elongation in shoots, but inhibits it in roots. Auxins
also allow roots to bend toward the source of gravity and
shoots to bend away from it.

The plant’s response to light is mediated by the shoot tip.
Unequal auxins are transported away from the lighted
side and toward the darker side of the shoot. Auxins
stimulate cell elongation on one side of the shoot, and
the shoot bends toward the light. Root or shoot bending
is due to cell elongation in response to differing auxin
concentrations.
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Trees can take years to reach maturity and produce
seeds, and some are incapable of producing sterile seed.
Tissue culturing is widely used in horticulture to asexually
propagate plants that are incapable of producing sterile
seed or take a long time to mature. This activity explores
tissue culturing and sterile techniques.

Activity Objectives:
1. Build a transfer chamber.

2. Demonstrate techniques used to maintain aseptic
conditions during tissue culture operations.

3. List reasons for doing tissue culturing.
4. Sterilize plant material.
5. Demonstrate sterile techniques.

6. Propagate a Ficus benjamina (weeping fig) plant
from an explant.

7.  Transfer plants from shooting to rooting media.
Vocabulary Terms:

Agar - sugary gel derived from certain algae; used as a
medium for cultures.

Aseptic - being free of infectious microorganisms.
Autoclave - equipment using steam and pressure to
sterilize dishes and cultures. (A pressure cooker can
substitute for an autoclave.)

Clone - plants produced asexually from a single plant.

Contaminant - growth of any undesirable living organism,
such as bacteria or fungus, in a tissue culture.

Disinfect - method of eliminating microbes from within
plant tissues.
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Disinfest - removal of surface organisms from the explant
before culturing.

Explant - the part of the plant that is removed and placed
in the tissue culture.

In vitro - in glass; growing plants in test tubes.

Medium (media, plural) - any material used to provide
nutritional support for plants or plant material.

Micropropagation - plant propagation by tissue culturing.

Plantlets - small plants, developed by tissue culturing,
which are capable of developing into complete plants.

Sterile - free from contamination by living bacterial,
fungal, or viral organisms.

Subculture - group of cultured cells or tissues that are
transferred to a fresh medium.

Tissue culture - the aseptic growth of cells, tissues, or
organs in artificial media.

Totipotency - capability of a single cell to develop into an
entire plant under proper conditions.

Transfer - process of moving a piece of plant material
from one location to another.

Transfer chamber (transfer hood) - equipment/facility
used to culture plants that prevents air movement from
contaminating plants.
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Creating a transfer chamber

Materials and Equipment:
Cardboard box (approximate size 30"L x 18"W x 18"H)
70 percent ethanol or isopropanol

Plastic wrap

Aluminum foil

Spray bottle Paper towels
Surgical gloves Empty beaker
Sterile petri dish Scalpel
Procedures:

1.  Remove the box top with the scalpel.
NOTE: To ensure sterility, wear surgical gloves.

2. Tightly line the entire inside of the box with
aluminum foil. Secure aluminum foil at seams with
masking tape, if necessary.

3. After lining the box with aluminum foil, spray the
entire inside with 70 percent ethanol or isopropanol.

4.  Stretch plastic wrap over the opening of the box.
Secure the plastic wrap at the top of the opening
with masking tape. Allow the plastic wrap to hang
down over the opening approximately 12".

5. Place the transfer chamber in an area free of drafts
or air movement.

6. Before and after use, the transfer chamber should
always be sprayed and wiped down with 70 percent
ethanol or isopropanol.

Tissue culturing a weeping fig

Materials and Equipment (per team):

Ficus benjamina plant (weeping fig)

95 percent ethanol or isopropanol, 100 ml

70 percent ethanol or isopropanol in a spray bottle
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Two test tubes of shoot multiplication medium
4 x 4" squares of cheesecloth

Forceps

Transfer chamber Marking pen

Scissors 100 ml distilled water
10 percent bleach, 75 ml Dishwashing detergent
Sterile petri dish 6" strings

Growing shelf space Beaker

Petri dish Parafilm

Scalpel

Procedures:

NOTE: Aseptic technique is critical for success of this
activity. As a team, work with a partner with one person
spraying tools and supplies and handing them to the
other partner, who works in the transfer chamber.

1. Prepare the transfer chamber by spraying it with
alcohol. Follow aseptic techniques to prepare the
transfer chamber and to arrange instruments and
materials in the chamber.

2.  Open the bottle of 95 percent alcohol in the transfer
chamber and place the tissue culture tools (scalpels,
forceps, and beaker) in the alcohol.

3.  The ficus plant will contain tiny shoots at the very tip
of the branches. With the scissors, cut two pieces
of these shoot tips for each student. Use only the
very tip, which is called the explant. The explant
will be about 1/2" long.

4. Surface sterilize the explants in 100 ml of
10 percent bleach and two drops of dishwashing
detergent. Loosely tie the shoot tips in the
cheesecloth. Tie the ends of the cheesecloth
together to form a bag.

5.  Drop the cheesecloth bag into the bleach solution
with the forceps.
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6. Allow the cheesecloth bag with explants to soak in
the bleach solution for 10 minutes.

7.  Return the forceps to the 95 percent alcohol. Spray
hands, arms, and the outside of the beaker
containing the explants with 70 percent ethanol.
Place the beaker into the transfer chamber.

8.  While working inside the transfer chamber, pour off
the bleach solution into a beaker.

9. Add 50 ml of sterile water. Pour off the water and
repeat the procedure.

10. Use a sterile petri dish as the work surface.
~ Remove the shoot tips from the cheesecloth using
sterile forceps and a sterile pair of scissors.

11. Carefully pick up the shoot tips (explants) with the
forceps and place them upright in the test tube of
ficus multiplication medium. Place two shoots in
each test tube.

12.  Switch and let your partner do the same with the
other test tube. Be sure to use sterile technique.

13. Label the test tubes with your name, the date, and
"shooting medium, ficus."

14. Seal the cap onto the test tube using parafilm.
Stretch the film tightly around the test tube and cap.

15. Place test tubes in a rack on the grow shelf.

16. Return all tools and supplies to their proper
locations.

17. Check the cultures daily for contamination. If they
become badly contaminated with fungi and/or
bacteria growth, sterilize them in a pressure cooker
and throw them away.
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Transferring ficus plantlets to rooting media

Equipment and Materials:

95 percent ethanol or isopropanol, 100 ml
70 percent ethanol in a spray bottle

100 ml distilled water

Two test tubes of ficus rooting medium
Ficus explants with shoots (from previous activity)
Transfer chamber

Grow shelf space

Marking pen

Forceps

Sterile petri dish

Parafilm

Procedures:

1. Thoroughly wash hands and arms with a bacterial
soap; spray with alcohol to prevent contamination.
Remember, do not touch anything with your hands
except the equipment and materials needed.
Always spray your hands, arms, and all tools and
supplies immediately before they are placed in the
transfer chamber. Work as a team.

2. Spray the inside of the transfer chamber with
70 percent alcohol. Using sterile technique, set up
the transfer chamber with all the tools and supplies.
Arrange the supplies inside the chamber. (See
Figure 1.)

Figure 1 - Right-handed transfer chamber layout
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3.  While inside the transfer chamber, carefully remove
the plant shoots from the medium using forceps.
Place them in the sterile petri dish.

4. Divide shoots into individual plants with the forceps.

5.  With the forceps, carefully place 1-2 plants into the
test tubes containing rooting media.

6. Seal the test tubes with parafilm.

7. Label the test tube with your name, date, and ficus
rooting medium.

8. Place the test tubes on the grow shelf.
9. Clean up the area; return all tools and supplies to

their proper locations.

Key Questions:
1.  Why are ethanol, bleach, and a transfer chamber
important parts of tissue culturing?

2. Define sterilization.

3. What is the function of the transfer chamber (hood)?
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Key Questions (tissue culturing):
1. How can you tell if cultures have been
contaminated?

2.  What are the two major contaminants found in
tissue cultures?

3.  Why should contaminated cultures be kept closed?

4, How should contaminated cultures be discarded?

5. How is one liter of 10 percent bleach solution
prepared?

6. How are hands, arms, and the inside of the transfer
chamber sterilized before beginning to work?

7. What is used to sterilize the scalpel, scissors, and
other instruments used to do tissue culturing?

8. List two reasons a typical grower should consider
tissue culture techniques.
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9. What are the disadvantages of tissue culturing?
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Applications:

Plant tissue culturing is a form of biotechnology that has
had a dramatic impact on the agricultural industry. A tiny
piece of plant tissue can produce an infinite number of
new plants. Growers can produce large amounts of
plants in months, instead of years. Cenrtain plants take up
to 10 years to begin producing seed that can then be
used in plant breeding efforts. Through tissue culture
techniques, plants can now be produced in their younger
stages in a matter of months.

Plant tissue culturing also has become an important part
of plant breeding programs. It allows scientists to clone
the most desirable plants. The result is a more cost-
effective hybrid, ready for marketing in a shorter amount
of time.

Scientists have been cloning plants for some time.
Tissue culturing produces the same result more quickly in
a virus-free environment. Scientists can select superior
plants by observing the genetic makeup of a cell, instead
of growing the whole plant.

Extensions:

Tissue culture other plants such as an African violet,
miniature rose, cauliflower, carrot, fern, tobacco, iris bulb,
and Venus’s-flytrap. Tobacco is a good plant to tissue
culture because it is very totipotent and will grow quickly.
Venus’s-flytraps are popular plants to tissue culture.
Miniature roses are fun to culture as a small rose is
visible when the plant is growing in the test tube.
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Reference 1--Aseptic Technique

by Randy Ryan, Plant Science Dept., University of Arizona

The goal of plant tissue culturing is to
establish the growth of plant tissues in vitro
(test tubes). If other organisms, such as
fungi or bacteria, are introduced with the
plant tissue, the contaminants will often
overcome and destroy the plant cells. To
disinfect most external contaminants from
plant material, use household bleach and a
detergent. This process is commonly
called surface sterilization. (Sterile means
the lack of any living organism so the
culture will have only one organism
growing.)

Growth medium for plant cells is a
rich source of nitrogen salts, sugars, amino
acids, vitamins and other nutrients.
Bacteria and/or fungal spores are found in
the air in great numbers. To prevent these
organisms from becoming established in
the culture medium, create a clean
environment to prevent their entry. There
are several ways to prevent
contamination from occurring:

* Create a clean room where all

things and persons entering it are free

of dust, mold, and bacteria. Air
movement is regulated and filtered.

(Example: a surgical suite)

Ultraviolet lights can be turned on to

kill organisms on room surfaces.

(This type of room is overkill for most

plant tissue culture needs.)

* A sterile curtain of air keeps bacteria

and fungi from settling onto the

medium and materials. These units

are called laminar flow hoods. A

blower forces room air through a High

Energy Particulate Air (HEPA) filter.
The sterile curtain of air helps prevent
contamination.

* Barrier methods, such as a glove
box or transfer chamber, can be used
to prevent contamination. Transfer
chambers can be constructed using
very simple materials, such as a
cardboard box and a clear plastic
bag. More elaborately designed
chambers can be built from rigid
plastic sheets.

In general, all these units prevent
contaminants from landing on the medium.
However, good sterile technique must be
employed to keep new contaminants out of
the sterile work area. Good sterile
technique is the adherence to a group of
rules that prevent contamination. These
four rules are:

1. Keep the general working environ-

ment as clean as possible, e.g., dust

the room and mop the floor the day
before you plan to work. Do not work
directly below air conditioning ducts.

2. Always wash hands and forearms

with soap and water. Just before

manipulating cultures, spray hands
and arms with 70 percent ethanol.

Roll up sleeves and tie back long hair.

Sweaters can carry in tremendous

amounts of dust and mold.

3. Clean the work surface with a

cleaning agent. (Again, 70 percent

ethanol works well.) Spray and wipe
clean all objects placed into the sterile
work area.
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4. Do not move arms or equipment
over open containers of medium or
sterile explants. Move around these
items and arrange the work surface
so that sterility is maintained at all
times.

Once airborne contaminants are
controlled by the previous techniques, be
sure to sterilize all materials that contact
the medium or sterile explant. To sterilize
the medium, use one of these methods:

* Boil medium in hot water bath. Boil

30 minutes for each half liter.

* Set a pressure cooker for 15 psi and

30 minutes to sterilize medium and

containers.

* Autoclave a half liter of medium for

20 minutes at 121°C and 15 psi. (An

autoclave is a scientific type of

pressure cooker that controls steam
pressure, temperature, and the cycle
length automatically.)

To sterilize glass and metal, items
can be baked in dry heat at 320°F for four
hours. Plastics can be sterilized by
spraying with 70 percent ethanol. Many
types of plastics can be boiled or steam-
sterilized at 15 psi (temperatures of 121°C).
Instruments used for manipulating sterile
materials should be cleaned before use
and disinfected by dipping in 95 percent
ethanol and then rinsed in sterile water.

Household bleach, such as Chlorox,
is a diluted solution of sodium hypochlorite
Na,ClO, and acts by releasing free chlorine
in small quantities. The solution is toxic to
plant cells, but with short exposures of 10-

15 minutes, the solution does not penetrate
deep within the tissues.

Always use a fresh solution of bleach,
as it should not be stored for more than
two months. Bleach should smell strongly
of free chlorine.

Detergents in the disinfectant act by
reducing the surface tension of water,
allowing the disinfectant to reach deep into
cracks and crevices to kill microbes. In the
lab, a pure detergent called Tween 20 can
be used instead of household dishwashing
detergent.

Contamination can be a severe
problem with field-grown material. Other
techniques include using a vacuum to help
infiltrate the disinfectant into the tissues,
treating the explant with heavy metals
(such as mercury or silver compounds),
and including antibiotics or fungicides in the
medium.

Sometimes, the contaminant cannot
be eliminated because it lives within the
plant cell. These types of organisms are
called endophytes. (Endo refers to within,
and phyte is the Greek word for plant.)
Viruses cannot be eliminated by surface
sterilization. These contaminants can be
eliminated by other tissue culture tech-
niques, however.
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The fermentation process has been used for generations
in food and feed production. When done properly,
fermented foods are tasty and last longer. Improper
fermentation results in spoiled food or feed. This activity
will use a mini-silo to illustrate the fermentation process.

Activity Objectives:

1. Describe the fermentation process in terms of
reactions that occur and the biological inputs into
the process.

2. Explain how fermentation alters food products and
enhances overall quality and taste.

3. Predict the extent of fermentation activity, given
conditions for storing and processing food products.

Vocabulary Terms:
Aerobic - containing oxygen.

Anaerobic - lacking oxygen.

Anaerobic fermentation - without oxygen, the conversion
of sugars to alcohol, lactic acid, or similar compounds.

Bacteria - single-celled microorganisms. Some cause
human, animal, or plant diseases, while others are
beneficial.

Biochemistry - study of the chemistry of living organisms.
Biotechnology - technology concerning the application of
biological and engineering techniques to microorganisms,
plants, and animals; sometimes called genetic
engineering.

Bunk life - the time that silage and haylage remain free of
mold and spoilage after it has been exposed to air.

Clostridia - type of anaerobic bacteria.
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Dry matter (DM) - material left in a food specimen after
all water is removed. DM is the basis on which all feed
nutrients are measured.

Enzymes - complex protein molecules produced by the
body that speed up chemical reactions, such as starch
breakdown.

Facultative anaerobes - organisms able to grow both in
the presence and absence of oxygen.

Fermentation - action of certain bacteria and yeasts in
decomposing carbohydrates anaerobically.

Lactobacillus - type of bacteria that ferments sugars to
lactic acid.

pH - measures the acidity or hydrogen ion concentration
of a substance. pH values below 7.0 are acid, and
values above 7.0 are alkaline. A pH of 7.0 is neutral.

Silage - a crop that has been preserved in moist,
succulent condition by partial fermentation in an airtight
container (silo). The chief crops stored in this way are
corn, sorghum, and various legumes and grasses. The
main use of silage is for cattle feed.

Silo - derived from the Greek word meaning "a pit or hole
sunk in the ground for storing corn."

Equipment and Materials: (per group)

Two clear, 2-liter plastic bottles with plastic tops

Two small test tubes

Two 45 cm long pieces of plastic tubing (Tygon 5/16"
0O.D, 3/16" 1.D.)

Five ears of corn (with husks) or one grocery bag of
alfalfa, grass clippings, or other green material

Tube of silicone sealant

Safety razor

Sturdy, large kitchen knife

Cutting board (or a flat piece of wood or tray)
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Figure 1

Punch hole in bottle
cap large enough for
rubber tubing

Cut 2mm

JIg
above the

shoulder Z ZRemove

Cut 1cm
below the
shoulder

Punch hole the
diameter of

Cut
thermometer

colored — —
base to Remove
expose — — VRN
bottom of
clear bottle

Hole punch

Sharp needle

Heat source to heat a hole poker (needle or paper clip)

Balance and/or scale

Tapered reamer or drill

Mortar and pestle

Scissors

Beaker, 250 ml or larger

Thermometer

Black electrical tape

pH paper (to measure from a pH of 3-7 in increments of
0.5 units or less)

Microwave

Lime water (calcium hydroxide) (optional)

Cabbage juice pH indicator solution (optional)

Procedures:

Constructing the fermentation chamber (Figure 1)

1. Remove label and cut plastic bottle 1 cm below
shoulder.

2.  Cut off outer covering at bottom of bottle, leaving a
slightly visible rim on the base. This will make it
easier to see into the bottom of the mini-silos.

3.  Drill or ream a hole slightly smaller than the plastic
tubing’s diameter in the bottle cap to allow for tight
fit of the flexible tubing.

4.  Punch a very small hole halfway up from the bottle
base. (This hole will be for temperature and pH
reading.) Cover hole with black electrical tape.

5. Insert plastic tubing about 2.5 cm through the top of
the cap.

6. Seal with silicone sealant where the plastic tubing
goes through the top of the cap; let dry.
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To test for CO,
1.  Attach a test tube to the outside of the plastic bottle
with silicone sealant.

2.  Fill the test tube with cabbage indicator solution or
limewater to within 2.5 cm of the top.

INSTRUCTOR NOTE: When carbon dioxide
bubbles through limewater, a calcium carbonate
precipitate forms. Limewater forms the white
precipitate when acidified.

3.  Place plastic tubing all the way to the bottom of the
test tube.

Setting up the experiment

1. Cut the corn, alfalfa, grass clippings, or other green
plant material into 1 cm pieces; divide into two
portions. You will need enough to pack the two
silos tightly (approximately 2 x 500 grams) with 150
grams left over. With corn, include the kernels,
husk, and stalks (if available); do not attempt to cut
up the cob.

2.  With the 150 grams of extra material, determine the
dry matter (DM) content and initial pH of the
sample. DM content is the most important outcome
in silage production. A loss of DM indicates a loss
of food value. If you are not going to measure DM
immediately, store the sample in a sealed plastic
bag to minimize moisture loss.

To measure DM, microwave the sample for two
minutes, stirring if necessary to prevent burning of
edges. Weigh the sample and record the weight.
Microwave for another 30 seconds and weigh again.
Continue until the weight is constant.
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Calculate DM as follows:

ending weight (grams)
beginning weight (grams)

DM% = x 100

To measure initial pH, grind 50 mis (milliliters) of the
material with a mortar and pestle; take the pH of the
extracted liquid.

3. Firmly pack material into the bottle silos by pushing
down with your knuckles as you rotate the bottle.
Do this until 500 grams of material is in each of the
two bottles. It is very important to pack the material
as tightly as possible to eliminate air pockets.

4. Place the tops of the bottles into the bottoms and
push downward as far as they will go. (See
Figure 2.)

5.  While holding firmly in place, seal off where the top
and bottom plastic meet with silicone sealer.

6. Place the bottle caps with attached rubber tubing on
top of the bottles; screw them on tightly.

7. Using a sharp needle, poke 30-50 holes in one
bottle base to allow for an aerobic (with oxygen)
environment. The other bottle will remain anaerobic
(without oxygen).

8. Record data every day for the first week and on
Monday, Wednesday, and Friday of the following
week. One data point will be taken in the third
week. Measure and record the following on Graphs
1 and 2.

* pH of the material - Open the sampling port on the
side of the bottle and insert pH paper. You may
need to rub the paper around a bit to get moisture
on it. Remove the paper and record the pH.
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The sample may be too dry to get a reading with pH
paper. To get a reading, grind silage with distilled
water and take a reading.

* Temperature of the material - Insert a
thermometer into the center of the silo through the
sampling hole and record the temperature. Remove
the thermometer and tightly reseal the hole with a
new piece of electrical tape.

* Presence of CO, - Check for the presence of CO,
by bubbling the CO, through water, cabbage juice,
or limewater. (See Figure 2.)

Figure 2

Clear rubber tubing

Silicone seals

\ Small test tube

filed with
indicator

A \ solution

Silicone
sealant

Electrical tape

9. After three weeks, measure the DM content of the
anaerobic silo only. The silo exposed to oxygen
may have undesirable fungi and bacteria growing in
it and should not be opened. Dispose of it.

Key Questions:
1. State your hypothesis.
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Graph 1 - Daily pH changes in mini-silos

pH

Day

Graph 2 - Daily temperature changes in mini-silos

Temp.

Day

2.  What are the dependent variables of the
experiment?

3.  What happened to the pH as the days increased
during the experiment?
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4.

Explain your pH observations from Graph 1.

What happened to the temperature as the days
increased during the experiment?

Explain temperature observations from Graph 2.

What changes did you observe in the silo during the
experiment? What may have caused these
changes?

Was your hypothesis supported? Explain.

What are the reactants of anaerobic fermentation? _

10.

11.

What are the products of anaerobic fermentation?

What organisms caused the changes occurring in
the mini-silos?

12.

Would you describe your mini-silo system as alive
and dynamic? Explain.

13.

What other processes that are helpful to people use
anaerobic fermentation?

14,

What is fermentation?
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15.  What conditions promote fermentation? Why?

16. Why is fermentation desirable in the processing of
some plant products?

17. How does pH affect fermentation?

Credit: "AgriScience Institute and Outreach Program
Instructional Materials." Alexandria, VA: The National
Council for Agricultural Education, 1992,
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Applications:

Throughout history, humans have harnessed fermentation
to produce and preserve food. Microbial fermentation is
important for many of today’s foods, such as yogurt,
breads, cheese, wine, and beer, as well as in agricultural
situations to store high-quality feeds. Producers ferment
corn plants to produce silage and hay to produce
haylage. Succulent forages are therefore preserved and
stored for use throughout the year.

The production of a high-quality silage product requires
that plant respiration, protein degrading, enzyme activity,
undesirable anaerobic bacterial growth, and aerobic
microbial growth be limited. An essential way to limit
these processes is to create anaerobic conditions within
the silo. If left exposed in an aerobic environment,
harvested plant material will decay into a useless,
inedible, and often toxic product. This decay is caused
by aerobic microbial activity.

Filling a silo rapidly, making sure the plant material is
very compact, and tightly sealing the silo keeps the
oxygen level to a minimum. The amount of moisture in
the silage is another important factor. Because
temperatures of 95-99°F encourage the growth of
clostridia, maintain temperatures higher than 99°F.

Continued fermentation research includes the isolation
and engineering of new, mutant forms of superhomo-
fermentative bacteria as silage inoculants. Also,
scientists look for strains of bacteria that may work
especially well on particular crops.

Extension:

Using the same procedure, build a silo from a 5-gallon
bucket instead of a 2-liter bottle. Take periodic pH and
temperature readings.
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What do plants need to grow? Can plants grow without
soil? In this activity, students will explore hydroponics,
the growing of plants in nutrient solutions without soil.

Activity Objectives:
1. Compare the growth of plants grown hydroponically
with those grown in soil.

2.  ldentify necessary components in a hydroponic
solution for successful plant growth.

3. Explain the advantages of hydroponics as compared
to growing plants in soil.

4. Design and build a hydroponic system for home
use.

Vocabulary Terms:
Aeroponics - when plants are suspended and a mist of
nutrient solution is sprayed on the roots.

Gravel culture - where plants are grown in channels that
are sub-irrigated from the bottom or in open systems that
are trickle irrigated. The gravel serves only as a plant
support media.

pH - measures the acidity or hydrogen ion concentration
of a substance. pH values below 7.0 are acid, and
values above 7.0 are alkaline. A pH of 7.0 is neutral.

Sand culture - open system (where nutrient solution is not
caught and recycled). Plants are grown in nutrient-free
sand and fed by trickle irrigation.

Water culture - growing plants hydroponically.

Equipment and Materials:
Electrical conductivity (EC) meter
Two-liter soda bottles (2)

Felt-tip marker

Sharp knife
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Figure 1 - Solution culture Scissors
system (Credit: "Pardon Me, but Aluminum foil
Your Roots are Showing." Plastic aquarium tubing

Plastic soda straw

Aquarium pump with three-way valve
Mark and /%\ Plants
cuthere/” _ _ _ _ _ Plastic bag

Water (either tap or distilled)
Hydroponic nutrient solution (can be ordered from
science education suppliers or hydroponic suppliers)

23cm

Procedures:

W L System construction

1. Fill a pair of two-liter soda bottles with hot tap water

Aquarium to soften the glue so the labels can be easily
tueg %E removed. Use bottles with black bases because
Inverted base they exclude light.
{ 2.  Twist or pry off the base of one bottle and invert it

to form the system lid.

3.  Mark the other bottle 23 cm from the base using a
felt-tip marker. With a sharp knife, puncture the
bottle at the mark, then cut off the top with scissors.
This detopped bottle is the system reservoir.

Aquarium valve Aquarium pump 4. Cut a hole in the lid with a cork borer or knife so
plants can be inserted.

5. To prevent algae growth, exclude light by wrapping
aluminum foil around the middle of the reservoir.

Aeration
1. Insert a length of plastic aquarium tubing through an
existing hole in the lid.

2. Slip a plastic soda straw over the tubing to give it
rigidity.




| Horticulture: Hydroponics \

3. For aeration, attach an aquarium air pump to the
tubing. Use a three-way aquarium valve to adjust
the airflow to bubble gently.

NOTE: You can run more than one hydroponic
system off each aquarium pump by making T joints
off the valve.

Plants

Foliage houseplants are good for solution culture projects
because they tolerate low light in homes and classrooms,
are readily available, and root quickly from cuttings.
Shoot cuttings of wandering jew, coleus, piggyback plant,
pothos, and common philodendron will root in the solution
culture system. If the tap water is very low in calcium,
add 2 mmol dm™ CaCl, or CaSO, since roots require
calcium in the external solution. A plastic bag over the
cuttings will prevent dehydration. Vine or rosette types of
plants are preferred because they do not require staking.

Nutrient solution

Read the label on the type of nutrient solution you are
using to determine mixing requirements. The solution
can be prepared from tap water unless the water quality
is poor or nutrient-deficient solutions are desired. Use
distilled water in those cases.

Maintenance
1. Add water whenever the solution level drops by
more than one-third.

2.  Change the solution weekly or biweekly, or use an
electrical conductivity (EC) meter to estimate the ion
concentration.

3. When the EC has dropped to half the original value,
replace the solution. Generally, deficient solutions
do not need to be changed since slower plant
growth will not deplete the ion concentrations.
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Figure 2 - Other hydroponic systems

Basic Wick Flood and Drain Top Feed

Aero-hydroponic Non-circulating System Raft System

Aeroponic

NFT System
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Other systems to build (See Figure 2.)

1. Wick - Nutrient solution is drawn up into the planting
medium through fiber wicks immersed in the
reservoir below.

2. Flood and drain - These rely on the periodic flooding
and draining of a medium-filled growing bed with
nutrient solution.

3. Top-feed or drip - A timer-controlled pump delivers
nutrients regularly to the base of the plants by thin
tubing or drip emitters. The nutrient solution is
returned to the reservoir by gravity.

4.  Aero-hydroponic - (water culture) These media-less
systems require constant contact between root
structures and the nutrient solution to prevent drying
and rapid root death.

5.  Non-circulating - The plants are supported above
the nutrient reservoir with the root tips hanging in
the nutrient solution. An air space between the
plants and the surface allows some roots to
specialize in oxygen uptake, while the lower roots
take up nutrients and water.

6. Raft - Plants are supported by collars or rock wool
cubes pressed into holes cut in a floating raft,
usually constructed of rigid foam board. The board
and plants float on the surface of the nutrient
reservoir. Since the roots are constantly immersed
in the solution, mechanical aeration is necessary.

7.  Nutrient Flow Technique (NFT) - Nutrients are
delivered to the roots by continuous flow in tubes,
gutters, or troughs. Plants are supported from
above with collars, cups, or rock wool cubes. The
solution is collected and returned to the reservoir for
reuse.
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8.  Aerohydroponic - The lower roots are suspended in
a constantly moving nutrient solution. Similar to
aeroponics, the upper roots are sprayed or misted
with nutrient solution.

9.  Aeroponics - Plant roots are suspended in an
enclosed container and sprayed or misted with
nutrient solution. Aeroponics is the ultimate in high-
tech growing technology.

NOTE: The best system depends on the grower and that
person’s unique growing environment.

Key Questions:
1.  Why are plants able to survive without soil?

2. What effect does a nutrient solution’s pH have on
plant growth?

3. Why is oxygen pumped into the nutrient solution in
most hydroponic systems?

4. What effects do nutrient deficiencies have on
plants?
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5. What are the advantages of growing plants
hydroponically?

6. What are the basic requirements to start a
hydroponics unit?

Credits:

Hershey, D. R. "Pardon Me, but Your Roots are
Showing." The Science Teacher 57(2) (February 1990):
42-45. Reprinted with permission from NSTA
Publications, Jan. 1993, from The Science Teacher,
National Science Teachers Association, 1840 Wilson
Blvd., Arlington, VA 22201-3000.

Parker, D. "Systems for Beginners: Hydro 101." The
Growing EDGE 5(1) (fall 1993): 61-66. (For more
information, call 800/888-6785.)
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Conclusions:

Hydroponics is another way to grow vegetables in areas
where good soil is scarce. Scientists predict that one day
our cities will have huge towers of hydroponic farms that
will make fresh vegetables available every day of the
year. Work is underway now to use soilless farming on
space shuttle flights.




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



