
Researching Plant Needs
Grade Level 6-8

BACKGROUND

LEARNING OBJECTIVES Students will…

• Research the life cycle and survival needs of Wisconsin Fast
Plants (Brassica rapa)

• Create a plan for meeting the needs of their plant in an
indoor growing system

MATERIALS
• Print and/or online resources for
exploring plant needs (see Essential
Links)

• Live plants or seeds that will be grown

OVERVIEW The next key step in the engineering design
process is to research the problem. In order to construct a 
successful growing system students will first need to better 
understand the needs of the specific plant they will be growing. In 
this lesson, students will gather and synthesize information about 
survival needs and growing conditions for Wisconsin Fast Plants 
(Brassica rapa) in an indoor growing system. Students will use their 
research to create a plan for providing proper growing conditions 
in their growing system.

ESTIMATED TIME
One, 50-minute class period

KEY STEM IDEAS
• All plants require food/energy, nutrients, water, air, space, and
shelter (protection) to survive.

• Different plants require different amounts of each of these
resources for continued survival.

• Plants access resources by interacting with their environment.

ESSENTIAL LINKS 
Good sources of information for growing Wisconsin Fast Plants (Brassica rapa L.)

• Wisconsin Fast Plants site: http://fastplants.org

• USDA Plant Guide: https://plants.usda.gov/plantguide/pdf/pg_brrar.pdf

VOCABULARY
Life cycle: the series of changes in the life 
of an organism including birth, growth and 
development, reproduction, and death

Germination: the development of a plant 
from a seed after a period of dormancy

Photosynthesis: the process by which 
plants use energy from sunlight to 
synthesize food from carbon dioxide and 
water

Pollination: the transfer of pollen from 
the male part of the plant (anther) to the 
female part of the plant (stigma)

Reproduction: stage of life that allows for 
production of offspring, this may be done 
through sexual or asexual reproduction in 
plants; seed production is often the result 
of plant reproduction
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Guiding Questions
What do Wisconsin Fast Plants need to survive in a growing system?

5 minutes

Activate students’ prior 
knowledge of resources needed 
for plant survival

1. Conduct a physical barometer activity.
• Explain that a continuum will stretch across the room—on one

side of the room will be the Strongly Agree, while the other side
will be Strongly Disagree.

• Explain that you will make a statement and students will need to
think to themselves if they agree or disagree with the statement.

• Make the statement, “All plants require the same resources to
survive.”

• Ask students to stand up and place themselves on the
continuum depending on their opinion.

• Ask several volunteers along the continuum to share their
thoughts (Students may or may not provide any evidence for
their position at this time).

2. Facilitate a whole group discussion of what plants need to survive
and from where these resources come. Reach consensus about the
following big ideas:

• All plants require food/energy, nutrients, water, air, and shelter
(protection) to survive and complete their life cycle.

• Different plants require different amounts of each of these
resources for continued survival.

• Plants get these resources by interacting with their environment.

Grade Level 6-8
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Strongly
Agree

Neutral or 
I Don’t Know

Strongly
Disagree
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Guiding Questions
What do Wisconsin Fast Plants need to survive in a growing system?

20 minutes

Review the general life cycle of 
plants

3. In small groups, have students create a life cycle diagram of
interactions that need to happen for their Wisconsin Fast Plants to
successfully complete their life cycle. Record this diagram in their
science notebook or on the student worksheet.

• Have students watch the Wisconsin Fast Plants’ life cycle video:
https://youtu.be/P_PFiuVsSDw?t=43s

• Ask students to diagram the life cycle and write how they plan
to address survival needs (in bold) and important processes
(underlined) to produce seeds (a productive crop).

4. Have students share their diagrams and use student explanations
to formatively assess student understanding of their plants’ needs
and processes essential to survival and reproduction.

5. Read the chapter on corn and soybean life cycles. Have students
compare the life cycle of Wisconsin Fast Plants to other agricultural
crops, corn and soybeans. Discuss:

• Compare the life cycle of Wisconsin Fast Plants to corn and
soybeans. How are they alike? How are they different?

Grade Level 6-8

LESSON PROCEDURESResearching Plant Needs
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Guiding Questions
What do Wisconsin Fast Plants need to survive in a growing system?

15 minutes

Obtain information about 
Wisconsin Fast Plants and the 
resources they need to survive 
and produce seeds

6. Divide students into partners or small groups. Ask students to work
together to gather information about the ideal growing conditions
for their plant.

7. If possible, present groups with the seeds they will be planting
and the associated seed packets to show what information can be
found there.

8. Ask students to brainstorm where they could gather additional
information about specific plant needs.

• In print: From a gardening book, university extension fact sheets

• In person: From gardening stores, master gardeners

• Online: From a reputable gardening websites, from the Fast
Plants website

TEACHER NOTE: While this challenge is designed to incorporate Wisconsin 
Fast Plants and plant requirement information is available from the Fast 
Plants website (https://fastplants.org/grow-fast-plants/preparation/), 
this activity provides students the opportunity to gain experience in 
identifying and evaluating various reliable sources of information.

9. Collect and organize the information about the plant’s survival
needs. Using the provided student worksheet or in their science
notebooks, have students record information about the following
(see Sample student notebook entry to the left):

• Resource requirements for your plant(s)

□ Sunlight—Direct or indirect light? Full sun? Partial sun? Partial
shade? Full shade?

□ Soil/Substrate—Well-drained? Sandy? Full of organic matter?

□ Nutrients/Fertilizer—Low requirement? High requirement?

□ Water—Low, moderate, or high moisture in soil?

□ Air—Temperature? Low or high humidity in the air?

Grade Level 6-8
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Resource requirements for my 
plants (List recommendations for 
sunlight, water, planting substrate 
or soil, and nutrients)

• Sunlight- Full sun or grow light
• Water- High water use, needs
moist soil (Plant is not drought
tolerant)
• Soil- Plant is adapted to coarse,
fine, or medium soil
• Nutrients- High nutrient use,
probably needs fertilizer
• Air and space- Keep
temperature below

Information Source: USDA 
Natural Resources Conservation 
Service Plant Database

How do I know I can trust this 
information?
• Goal of this database is to
provide the public with info about
growing conservation plants
• Government website
supporting conservation

Sample student notebook entry

Researching Plant Needs
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Guiding Questions
What do Wisconsin Fast Plants need to survive in a growing system?

Grade Level 6-8
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Extension Activities Research crop rotation: For the unit engineering challenge, students 
will be growing Wisconsin Fast Plants through its life cycle. However, 
in many real farm systems, the same crop would not be planted in the 
same field year after year. 

Demonstrate understanding of crop rotation: Have students read the 
Crops chapter of the story and other online or print resources to learn 
more about why crops (especially corn and soybeans) are commonly 
rotated from season to season. Based on their research, have students 
explain why farmers rotate their crops in a presentation style of their 
choosing (create a song or play, scientific drawing or model, podcast, 
PowerPoint, poster, etc.) to demonstrate their understanding. 

Connect their indoor growing system to a real-world farm decisions: 
Have students reflect and answer the question, “If you were to select 
a crop to plant in your growing system after harvesting your Wisconsin 
Fast Plant seeds, what crop might you choose and why?”

NOTES
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Researching Elements of  
Successful Growing Systems
Grade Level 6-8

BACKGROUND

LEARNING OBJECTIVES Students will…

• Identify boundaries, inputs, outputs, and processes that make up
growing systems

• Use online or print resources to explore design elements of
indoor growing systems (such as terrariums, greenhouses, etc.)

• Create a list of elements that make indoor growing systems
successful

MATERIALS
• Online or print resources about
successful indoor growing systems

OVERVIEW When designing a successful growing system,
students will not only need to research the needs of the plant, but 
also learn about successful existing indoor growing systems (such 
as terrariums or greenhouses) that may be useful models as they 
design their own systems. 

In this lesson, students will use online or print resources to research 
sustainable agriculture designs. Students will use their research to 
identify elements of successful growing system designs. In later 
lessons, they will use this information to brainstorm potential 
designs of their own, select an appropriate design, and construct a 
prototype of their growing system.

ESTIMATED TIME
One, 50-minute class period

KEY STEM IDEAS
• A system is an organized group of
interacting objects or components that
form a whole. A system is defined by
its boundaries, inputs, outputs, and
processes that occur within the system.

• When designing a new solution, it is
important to consider previous successful
designs. Elements of these successful
designs may be incorporated into future
design solutions.

ESSENTIAL LINKS 
Sources of information on indoor growing systems such as 
terrariums: 

Bottle Biology’s TerrAqua Investigation Column (Build 2):  
http://www.bottlebiology.org/investigations/terraqua_build_2.
html

University of Missouri Extension publication, Terrariums: 
http://extension.missouri.edu/p/g6520

University of Florida Extension publication, Terrariums:  
http://hillsborough.ifas.ufl.edu/documents/pdf/lawn_garden/
factsheets/Terrarium.pdf

Oklahoma State University Extension publication, Terrariums:  
http://pods.dasnr.okstate.edu/docushare/dsweb/Get/Document-
3162/F-6438web.pdf

VOCABULARY
System: an organized group of related 
objects or components that form a whole

Boundaries: a demarcation which defines 
the components included in (and excluded 
from) a system

Inputs: forces, energy, or matter that move 
into a system

Outputs: forces, energy, or matter that 
move out of the system

Processes: the actions and functions that 
occur as a result of interacting components
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Guiding Questions
What features does a successful growing system have?

5 minutes

Discuss students’ previous 
experiences (successes and 
failures) growing plants

10 minutes

Identify growing system 
elements (boundaries, inputs, 
outputs, processes)

1. Discuss if any students have ever tried to grow plants in a garden,
in the classroom, or at home.

• Have you ever tried to grow plants before?

• How did it go? Did all your plants survive, bloom, and produce
fruit or seeds? Did any of your plants die?

• Think back to what went right or wrong. What did you do to be
successful? What didn’t go well?

• If you personally have had experience killing houseplants or had
a failed gardening experience, it would be great to share this
with students!

• Explain that this lesson will focus on identifying what works well
(and what doesn’t) when growing agricultural crops or other
plants .

2. Provide the definition for “system”- an organized group of related
objects or components that form a whole.

3. Use student discussion of their gardening experiences to start
introducing systems vocabulary and outline the components of
a growing system. Ask students to record their answers in their
science notebook or on the student worksheet.

• What would be the boundaries, inputs, outputs, and processes
or actions involved in a growing system?

□ Boundaries- physical boundaries of the growing system

□ Inputs- soil, seeds, water, nutrients, sunlight, carbon dioxide

□ Outputs- fruit, seeds, nuts, other plant material, water, oxygen

□ Processes- germination, growth, photosynthesis, pollination,
reproduction, decomposition, fertilization, irrigation, etc.

Grade Level 6-8

LESSON PROCEDURESResearching Elements of  
Successful Growing Systems
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Guiding Questions
What features does a successful growing system have?

30 minutes

Explore successful growing 
system designs

4. Provide students with several resources (pictures, videos, blog
posts) about successfully designed growing systems such as
terrariums, greenhouses, gardens, sustainable farms, etc. See the
Essential Links at the beginning of the lesson for several good
resources.

5. Provide students with a few examples of good questions and how
they might relate to finding successful design elements. Examples
may include:

• How do farmers or gardeners grow more productive crops?

□ Garden is grown in potting soil to provide plants with nutrients

• How can I minimize the amount of water I apply?

□ Water sensors are used on the farm to identify when the plant
needs to be watered (not too much, not too little)

• How can I protect water quality in the system?

□ Fertilizer is applied at a low rate to prevent excess nitrogen
from harming water quality

6. Have students work in partners or small groups to discuss and
record successful design elements. Students should use their own
questions to guide their research of successful design elements.
Answers to their research questions should aid students in
selecting an appropriate container and associated materials to
create a growing system. Explain that each student’s design may
share similar features with other designs, but not all systems will
look exactly the same.

Grade Level 6-8

LESSON PROCEDURESResearching Elements of  
Successful Growing Systems
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Researching Ways to  
Limit Use of Resources
Grade Level 6-8

BACKGROUND

LEARNING OBJECTIVES Students will…

• Recognize how variable rate technologies limit resource
inputs in a farming system

• Apply variable rate irrigation principles and the engineering
design process to engineer a device capable of distributing
unequal amounts of water into three cups

• Analyze and interpret data to determine optimal seeding
rate in soybeans

MATERIALS
Day 1- Limiting water use

Each group of 3 students will need:

• 16 oz bottle of water

• 3 plastic cups

• Permanent marker

• Scissors

• Straws of assorted sizes (coffee,
regular, jumbo)

• (Optional) Other construction
materials such as cotton balls, spoons,
etc. for variety

• Towels for cleaning up spills

Day 2- Limiting seeding rate

• White paper

• Dixie cups

• Dried seeds (corn, beans, etc.)

• Glue

• Three colors of chips or markers (blue,
white, and red poker chips, Unifix
cubes, or colored beads)

• Pieces of paper or paper plates

OVERVIEW One way that farms can be made more
productive is to make them more efficient. A high efficiency farm 
minimizes inputs and maximizes outputs. Efficiency often provides 
both economic and environment benefits. 

In this lesson, students will research how farms limit resource 
inputs (including water and seeds) while maintaining or increasing 
outputs (such as crop production) thereby making farms more 
profitable and putting less strain on limited resources. First, 
students will explore precision agriculture management and how 
agricultural technologies such as variable rate irrigation can be 
applied to more efficiently deliver water where and when it is 
needed. Next, students will play a game to explore the effects of 
competition for resources on plant survival. Finally, students will 
analyze and interpret data including harvest plant populations 
and yield in soybean fields with different seeding rates. Analysis 
of these data will be used to determine optimal seeding rate in 
soybeans to maximize production. 

ESTIMATED TIME
Two, 50-minute class periods

KEY STEM IDEAS
• Competition for resources limits growth of individuals and
populations.

• In a growing system, efficient application of limited resources
can maximize populations of agricultural crops making these
systems more productive.

• One way a system can be made more efficient and sustainable
is by minimizing inputs and and maximizing outputs.
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Researching Ways to  
Limit Use of Resources
Grade Level 6-8

BACKGROUND

ESSENTIAL LINKS 
Variable rate irrigation video from Valley Irrigation: https://youtu.
be/YLZUXrnX9zo

USDA guide on precision agriculture: https://www.nrcs.usda.gov/
Internet/FSE_DOCUMENTS/stelprdb1043474.pdf 

VOCABULARY
Precision agriculture: a management 
system that is information and technology 
based, is site specific and uses one or more 
of the following sources of data: soils, 
crops, nutrients, pests, moisture, or yield, 
for optimum profitability, sustainability, and 
protection of the environment

Variable rate technology: Computer-
controlled application varies the types and 
amounts of inputs according to a variable 
rate application plan

Seeding rate: the amount of seed of an 
individual species that is planted to achieve 
an adequate stand

Yield: measure of crop production per unit 
area of land cultivation

Competition: the interaction between 
organisms in which both the organisms 
are harmed, limited supply or access to 
resources used by both can be a factor in 
competition

SOURCES/CREDITS 
Soybean seeding rate data from https://cropwatch.unl.
edu/2017/10-years-research-show-benefit-reducing-soybean-
seeding-rates

“Every Tree for Itself” game from Project Learning Tree has been 
modified for this lesson
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Guiding Questions
How do farmers apply water efficiently on their fields?

5 minutes

Engage students in discussion 
about variation in water needs 
of plants and people

1. Conduct a student poll to gauge students’ thirst. Discuss follow-up
questions as a whole group.

• Raise your hand if you are…

□ Extremely thirsty

□ Somewhat thirsty

□ Not thirsty at all

• What would happen if everyone was given water to drink, even
those who are not thirsty?

□ Likely water would be wasted.

• What might be a better way to deliver water to thirsty students?

□ Have students share their ideas. Highlight minimizing water
use by being more efficient.

2. Compare variation in student thirst to variation in plants’ need for
water

• How can we tell if a plant is thirsty? Can we go around and ask
each plant?

• How about when we water our plants? How can we give only
plants who are thirsty the water that they need?

Grade Level 6-8

LIMITING WATER USE
LESSON PROCEDURES: 

DAY 1

Researching Ways to  
Limit Use of Resources
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Guiding Questions
How do farmers apply water efficiently on their fields?

5 minutes

Discuss the use of irrigation to 
meet plants’ water needs on a 
large scale

3. Introduce the term “irrigation” as a method of bringing water to
crops when and where it is needed.

4. Discuss:
• If I have a garden, do those plants only get water when it rains?

□ Usually not, I can use a watering can or hose to apply water
when it is needed.

□ The same is true for farmers, but they need to water MANY
more plants over a much larger area. So they use irrigation
technologies to make this easier.

• Why do some farmers irrigate their crops?

□ If plants don’t get water when they need it, they won’t
produce as much food.

□ Maximizing food production requires that water is available at
the right time and in the right place. When naturally occurring
water is not available, farmers may apply irrigation water.

• Where does water for irrigation come from?

□ Water can be from under- or above-ground sources. Often it
is pumped up from groundwater storage using an irrigation
pump.

5. Explain that limiting water use is a major challenge for farmers.
Water use is often limited by law and running irrigation equipment
is also very expensive.

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

LIMITING WATER USE
LESSON PROCEDURES: 

DAY 1
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Guiding Questions
How do farmers apply water efficiently on their fields?

15 minutes

Introduce precision agriculture 
technologies

6. If time allows, have students read the Water chapter to understand
the challenge farmers face of providing water to their crops in areas
where water was scarce.

• How did watering crops change on the Great Plains over time?

• What solutions did farmers develop to irrigate their crops?

7. Introduce the term “precision agriculture”.
Ask students what they think it is.

8. Read about precision agriculture’s purpose and watch a video to
explore different technologies that make up this management
approach.

• Read the short section at the end of The Paulman Family Farms
chapter describing precision agriculture.

• Watch the video explaining precision agriculture management
from National Geographic: https://youtu.be/tbkTi3zNN9s

9. Have students construct a definition of precision agriculture based
on what they have learned.

10.Have students explore what variable rate irrigation (VRI) is and
how it works:

• Video: Advertisement describing VRI from Valley Irrigation:
https://youtu.be/YLZUXrnX9zo.

11. Have students discuss with a partner or small group.
• How does variable rate technology help Roric and other farmers

use water more efficiently?

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

LIMITING WATER USE
LESSON PROCEDURES: 

DAY 1
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Guiding Questions
How do farmers apply water efficiently on their fields?

15 minutes

Engineer a variable rate 
irrigation device 

10 minutes

Wrap Up 

12. Explain to students that they will apply the concept of variable
rate irrigation to an engineering challenge of building a device to
vary water flow.

• Form students into groups of three.

• Distribute a 16 oz. water bottle, 3 cups, scissors, and a choice of
straws and other construction materials to each group.

• Your goal is to build a system to divide 16oz of water into three
cups with 2 oz., 6 oz., and 8 oz. of water in each.

• Use the steps of the engineering design process on the student
worksheet as a guide as you accomplish the task.

13. Give students 10 minutes to construct a device to simultaneously
divide the water into 3 different amounts. Allow students to test
their design and share it with the class.

14. Discuss:
• Can you explain a little about your design decisions?

• Did your design work? What went well? What didn’t?

• What would you change about your design if you refined your
solution?

15. Discuss with a partner or small groups.
• What did you learn about today that might be important to

consider when designing your growing system?

16. Record design considerations or ideas in a science notebook.

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

LIMITING WATER USE
LESSON PROCEDURES: 

DAY 1
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Guiding Questions
How do farmers apply water efficiently on their fields?

Extension Activities 17. Program micro:bit microcontrollers to act as inexpensive precision
agriculture tools: Encourage students to experiment with coding
on their own or engage your school’s makerspace! Freely available
design instructions help guide students through the process of
coding their own agricultural sensors or irrigation system.

• Soil moisture sensor: With minimal materials, students can code
a micro:bit microcontroller to act as a soil moisture sensor (or a
variety of other sensors). Directions can be found here:
https://makecode.microbit.org/projects/soil-moisture

• Irrigation system: A slightly more advanced project allows
students to stretch their coding and engineering skills to design
an irrigation system that applies water to their plant based on
soil moisture readings.

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

LIMITING WATER USE
LESSON PROCEDURES: 

DAY 1

NOTES
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Guiding Questions
If I want to produce more food, can I just plant more seeds? Why or why not?

15 minutes

Explore the impact of access to 
resources by playing the game, 
“Every Plant for Itself” 

1. Explain to students that they will be playing a game called “Every
Plant for Itself”.

2. Give a piece of paper or a white paper plate to each student and
provide the following directions.

• I want you to pretend you are a soybean plant. In this game,
you will be interacting with resources in the environment for
survival.

• Hold your arms out and make sure you aren’t touching any of
your neighbors.

• Place your paper plate or paper on the ground.

• Place at least one foot on your paper or plate at all times. This is
your stem or stalk.

3. Equally distribute the poker chips on the floor around the students
so that the chips are about two feet apart.

4. Discuss game play:
• Each colored chip represents a resource needed for survival.

Blue represents water, white represents sunlight, and red
represents nutrients (such as nitrogen, oxygen, or carbon
dioxide.)

• The object of the game is for the “plants” to gather as many
“resources” as they can.

• When I give the signal, you can reach out with your roots and
leaves (arms and legs) to gather available resources.

• You are an immobile plant so you are not allowed to slide
your paper or plate along the floor or step off it; you will be
disqualified for doing so.

• In the first round, you will have 30 seconds to gather as many
resources as you can.

• When you are done, record how many of each color you have
gathered in your science notebook.

5. Give a signal to start the first round.

Continues >>

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

REDUCING SEEDING RATE
LESSON PROCEDURES: 

DAY 2
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Guiding Questions
If I want to produce more food, can I just plant more seeds? Why or why not?

15 minutes

Explore the impact of access to 
resources by playing the game, 
“Every Plant for Itself” 

>> Continued

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

REDUCING SEEDING RATE
LESSON PROCEDURES: 

DAY 2

6. Facilitate student discussion after the first round:
• How many resources did you get?

• Does any plant lack a particular requirement?

• What might happen to a real plant that lacked one of its survival
resources?

□ It might grow slowly or eventually die.

• Is there such a thing as too much water, sunlight, or nutrients?
What might happen if a plant gets too much of a resource?

□ Yes, every species has optimum levels beyond which the plant
becomes stressed.

7. For round two, have students stand on their plate or paper in
groups of three to five. Gather the colored chips and spread them
around the room again. Play another round and have students
record their results.

8. Compare results of this round with those of the first. In most cases,
students will notice that each plant gathered fewer resources.
Discuss:

• Can you reach any conclusions about plants that grow close to
each other?

• Did any plants “die” because they couldn’t get a particular
resource?

9. Try several more rounds, comparing results each time.
Suggestions for rounds include:

• Have all students stand closer together

• Use fewer water chips, representing drought

• Use fewer sunlight chips, representing lack of sunlight due to
overcrowding

• Use fewer nutrient chips, representing poor soil quality
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Guiding Questions
If I want to produce more food, can I just plant more seeds? Why or why not?

5 minutes

Discuss how the game might 
apply to a farmer’s seeding rate 
(how many seeds are planted in 
a given area)

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

REDUCING SEEDING RATE
LESSON PROCEDURES: 

DAY 2

10. Pose the guiding question and facilitate a student discussion
based on their experiences in the game.

11. Discuss:
• Do you think just planting more seeds results in growing

more food? Why or why not?

□ Assess if students understand the following:

(1) Competition for light, space, nutrients, water, etc. will
limit the # of plants that we can grow in a particular
area .

(2) There is an optimal seeding rate for plants (maximizing
the amount of yield that can be produced by planting
the fewest seeds).

• Why might farmers choose to plant too many seeds rather
than too few seeds?

□ Discuss reasons for why farmers might plant a crop at a
rate that is higher than the optimal seeding rate.

(1) Not all seeds will germinate and grow into a productive
plant .

(2) If you plant too few seeds, you can’t fix this mistake
later on in the season.
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Guiding Questions
If I want to produce more food, can I just plant more seeds? Why or why not?

10 minutes

Introduce a demonstration of 
seeding rate

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

REDUCING SEEDING RATE
LESSON PROCEDURES: 

DAY 2

12. Conduct a seeding rate demonstration.
• Divide students into 4 groups.

• Cut blank pieces of paper into four quadrants.

• Provide each group:

□ 1 quadrant of paper

□ Glue

□ A cup with either 9, 12, 15, or 18 dried seeds (corn,
popcorn, soybeans, beans, etc.)

• Explain to students that each quadrant of paper represents
a 1 acre farm field and each seed represent 10,000 seeds.
Their job is to evenly plant seeds in your field by gluing
them in rows.

• Once students have “planted their field” have groups
compare their plantings with other groups.

13. Conduct a discussion comparing the different seeding rates.
□ Whose groups has the highest seeding rate? Whose group

has the lowest seeding rate?

□ What happens to your row spacing or your seed spacing as
your add more seeds to the same amount of land?

□ Which seeding rate do you predict would result in the
highest crop productivity (greatest yield)?
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Guiding Questions
If I want to produce more food, can I just plant more seeds? Why or why not?

10 minutes

Analyze seeding rate data

10 minutes

Wrap Up

Grade Level 6-8

Researching Ways to  
Limit Use of Resources

REDUCING SEEDING RATE
LESSON PROCEDURES: 

DAY 2

14. Provide students with following seeding rate data in the table
below.

Seeding rate
# of seeds planted 
per acre of land

Harvest population
# of plants per acre 
at harvest

Yield
bushels per acre

90,000 83,167 76

120,000 111,500 77

150,000 136,500 77

180,000 165,000 76

15. Have students work with a partner to create a graph of seeding
rate by yield.

16.Lead a discussion connecting the prior student activity to this real-
world data.

• What patterns do you notice in these data?

• Do all seeds grow up to be successful plants? What evidence do
we have?

• Using these data as evidence, how does seeding rate affect crop
productivity?

17. Have students work in partners or small groups. Each group should
collaboratively develop a seeding rate recommendation for soybean
farmers and use their data analysis to support their claim.

18. Discuss with a partner or small groups.
• What did you learn that might be important to consider when

designing your growing system?

19. Record design considerations or ideas in a science notebook.
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Researching Ways of Protecting 
Soil Health and Water Quality
Grade Level 6-8

BACKGROUND

LEARNING OBJECTIVES 
Students will…

• Compare structural qualities, water
infiltration ability, and erosion capability
of tilled and no-till soil in three
investigations

• Apply understanding from
investigations to explain how soil health
is related to water quality

• Evaluate effects of fertilizer on water
quality using nitrate testing strips

MATERIALS Each group needs:

OVERVIEW Another way that farms work to be more
sustainable is to consider their impact on environmental health, 
namely soil health and water quality. In reality, these two measures, 
soil health and water quality, are closely related. This fact will be 
evident as students examine the Dead Zone in the Gulf of Mexico, 
a real-world phenomenon which shows the impact of agricultural 
practices on soil health and water quality.

In this lesson, students will perform three investigations of soil. First, 
students will create soil mud pies to examine the effect of different 
tillage management practices on soil structure. Next, they will 
witness a rainfall demonstration of tilled and no-till soil to explore 
water infiltration differences. Finally, students will submerge two 
different soil “clods” to explore soil erosion. Students’ observations 
of water-soil interactions from these investigations provide the 
foundation for scientific explanations of how agricultural practices 
might impact Earth systems and help to explain how sustainable 
management practices can impact soil health and water quality 
issues highlighted in the Dead Zone in the Gulf of Mexico.

ESTIMATED TIME
Two, 50-minute class periods

Investigation 2-  
Rainfall Simulator  
Comparing Infiltration

□ Graduated cylinder, beaker, or
measuring cup

□ 2- 250 mL of water

□ Soil from tilled and no-till field

□ Tall plastic container with small
holes poked in bottom (4.4’’
diameter for 1’’ simulated rainfall)

□ Large plastic container with
slightly larger diameter base than
tall plastic container

□ Small plastic container with holes
in bottom; must be able to rest
inside tall plastic container

Investigation 3-  
Clod Test Comparing Erosion

□ Each group needs:

□ 2 soil clods- one each from tilled
and no-till soil

□ Marker

□ Water

□ 2 tall, skinny, clear containers

□ 2 pieces of wire mesh

Investigation 1-  
Soil Mud Pies Comparing 
Soil Structure

□ 2 disposable plates

□ Marker

□ 2 wire mesh strainers

□ 1 strainer-full each of tilled and
no-till soil (contact a local farmer
or Extension agent for access to
different soil types)

□ 2 glass custard cups filled half-full
with water

□ Extra water
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Researching Ways of Protecting 
Soil Health and Water Quality
Grade Level 6-8

BACKGROUND

ESSENTIAL LINKS 
Soil Aggregates and Soil Health http://
ucanr.edu/sites/Nutrient_Management_
Solutions/stateofscience/Soil_
Health_894/

NPR story, The Gulf Of Mexico’s 
Dead Zone Is The Biggest Ever 
Seen”: http://www.npr.org/sections/
thesalt/2017/08/03/541222717/
the-gulf-of-mexicos-dead-zone-is-the-
biggest-ever-seen

VOCABULARY
Soil structure: the arrangement of soil 
separates (sand, silt, and clay) into units 
called soil aggregates

Soil aggregates: soil separates (sand, silt, 
and clay) that are grouped into a unit

Infiltration: process by which water enters 
the soil

Soil organic matter (SOM): the organic 
matter in soil; consists of decomposing 
plant and animal residues and soil 
organisms

Crop residue: plant material left in an 
agricultural field after the crop has been 
harvested

Soil erosion: movement of topsoil by both 
natural forces (such as precipitation and 
water runoff) and human forces (such as 
tillage)

Nutrient pollution: process where excess 
nutrients, mainly nitrogen and phosphorus, 
are added to groundwater or surface water 
and can cause excessive growth of algae 
and/or drinking water contamination

SOURCES/CREDITS 
Soil investigations provided by Paul Jasa, Extension Engineer, 
University of Nebraska-Lincoln

Soil Aggregates and Soil Health from University of California, 
Division of Ag and Natural Resources (http://ucanr.edu/sites/
Nutrient_Management_Solutions/stateofscience/Soil_
Health_894/)

Image of Mississippi River entering the Gulf of Mexico from NASA 
Earth Observatory (https://earthobservatory.nasa.gov/IOTD/view.
php?id=1257)

Image of Dead Zone in the Gulf of Mexico from NASA.

KEY STEM IDEAS
• Soil aggregates are clumps or units of soil separates (sand, silt, and
clay).

• Live roots, dead roots, plant residue (the part of the plant left in
the soil after harvest), compost, and manure add carbon (organic
matter) to the soil.

• As microorganisms decompose organic matter, they help bind soil
particles together into soil aggregates creating better soil structure.

• Better soil structure improves infiltration and water holding
capacity. It also decreases erosion and runoff potential.

• Moisture can be held longer in soil with higher organic matter
content and used later such as during a drought.

• Several key sustainable farming practices improve soil health.

□ Crop rotation: Plant diverse plants to encourage diverse
microbes

□ Cover crops: Keep plants growing throughout the year, avoid
bare soil

□ No-till management: Manage soils by disturbing them less

□ Cover crops and crop residues: Keep the soil covered as much
as possible
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BEFORE THE LESSON
1. Gather one gallon (about an ice cream bucket full) of till and no-till soil in two containers. Clearly mark
containers as tilled and no-tilled soil.

2. Create ping-pong-ball-sized soil clods from till and no-till soil. Create enough clods for each group to have
one of each. Allow clods to dry completely (about 48 hours). Place clods in bucket labelled as tilled and no-till.

Researching Ways of Protecting 
Soil Health and Water Quality
Grade Level 6-8

Guiding Questions
How do farming practices affect water quality? 

5 minutes

Brainstorm potential effects of 
farming on the environment

1. Discuss as a whole class:
• In our last lesson, we talked about quantity- limiting the amount of

water and other inputs used when we create our growing system.
Now we are going to talk about quality.

□ Illustrate difference between quantity (amount of something) and
quality (standard of something).

• In a growing system, how might your farming practices affect the
quality of the water or the soil?

□ Possible farming practices to discuss:

(1) Tilling the soil repeatedly year after year

(2) Applying fertilizer right before a large rainstorm

(3) Applying too much pesticide, herbicide, fungicide, or fertilizer

□ Accept all student answers.

• Explain that they will be investigating how farming actions affect
Earth systems. Later they can apply what they learn in this lesson
to their growing system designs.

LESSON PROCEDURES: 
DAY 1
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Guiding Questions
How do farming practices affect water quality? 

10 minutes

Introduce a phenomena that 
illustrates a water quality issue 
related to agriculture

2. Present students with the provided water quality phenomena
showing waters of the Mississippi River entering the Gulf of Mexico
to stimulate students’ curiosity and questions.

3. Discuss:
• What do you think you are seeing in this picture?

• How can agricultural practices upstream affect water quality
downstream?

• Brainstorm as a class and record questions you have on the
board .

4. Explain that they will be investigating farm soils to learn more and
attempt to explain what it is we see here and how it is related to
farming practices.

Grade Level 6-8

LESSON PROCEDURES: 
DAY 1

Researching Ways of Protecting 
Soil Health and Water Quality
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Guiding Questions
How do farming practices affect water quality? 

20 minutes

Investigation 1: Comparing 
structure of no-till vs. tilled soil

5. Provide students with materials for Investigation 1.
• Be sure to clearly mark the containers of the two different soils

for easy identification.

6. Have students perform Investigation 1: Comparing Soils according
to lab procedures to investigate soil structure differences between
the two fields in the example.

Part 1: Label plates. Collect strainer of 
soil and place on appropriate plate. Make 
observations.

Part 2: Fill custard cup halfway with water. 
Place strainer of soil in cup. Add more 
water until saturated. Make observations.

Part 3: When soil is saturated, invert 
strainer to dump soil on appropriate plate. 
Make observations.

Part 4: Tilt plates at an angle to see how 
soil and water move on an incline. Maker 
observations.

Be sure students make observations of soil 
structure throughout the lab investigation.

7. Have students discuss the impact tillage
management has on soil stability

Which soil would be more stable during extreme 
conditions? No-till

Which soil would be more stable on an incline? 
No-till

What qualities of the soil make it stable?  
Structure; the soil particles being held together.

Grade Level 6-8

LESSON PROCEDURES: 
DAY 1

Researching Ways of Protecting 
Soil Health and Water Quality

Soil A: No-till Soil
Structure: Larger, coarse particles
Texture: Chunky, rough

Soil B: Tilled Soil
Structure: Smaller, fine particles
Texture: Smooth
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Guiding Questions
How do farming practices affect water quality? 

15 minutes

Investigation 2:  
Examining water infiltration 
using a rainfall simulator

8. Create two rainfall simulators as seen below.

9. Perform the class demonstration of a rainfall simulation for
student to investigate.

• Add approximately 250 mL of water to each rainfall
simulator simultaneously to simulate a 1” rain.

• Have students make observations and record in their
science journal.

• Add another 250 mL of water to simulate another 1” rainfall.

• This is test for soil infiltration. Healthier soil will allow water
to pass through to deeper levels where crop roots take in
the water.

Grade Level 6-8

LESSON PROCEDURES: 
DAY 1

Researching Ways of Protecting 
Soil Health and Water Quality

Tall plastic container 
with small holes poked in 
bottom; allows water to 
flow through; fill halfway 
with soil

Large plastic container 
to catch draining water

250 mL of water to 
simulate 1” of rainfall

Small plastic container 
with holes in bottom; 
rests inside the tall 
plastic container; 
simulates rain drops

Continues >>
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Guiding Questions
How do farming practices affect water quality? 

15 minutes

Investigation 2:  
Examining water infiltration 
using a rainfall simulator

>> Continued

10. Have students write a written reflection about how tillage
practices impact water infiltration:

• Imagine these soils come from neighboring farm fields. Field
A soil receives no-till management. Field B soil receives
conventional tillage management. If a heavy rainstorm were to
move into the area…

□ Where do you predict the rainfall would go from these two
fields?

(1) In field A rainfall would infiltrate leaving little or no water
run-off. In field B, water would either sit atop the field or
run-off to become surface water if the field is on a slope.

11. Provide students with a short read including animated images of
soil aggregation (http://ucanr.edu/sites/Nutrient_Management_
Solutions/stateofscience/Soil_Health_894/) to learn more about
how soil aggregates are the basis for soil health.

• Add notes to their science journal about how organic matter
affects soil structure and water infiltration.

• Review key points from the reading:

□ Soil aggregates are clumps of soil particles.

□ Live roots, dead roots, plant residue (the part of the plant left
in the soil after harvest), compost, and manure add carbon
(organic matter) to the soil.

□ As microorganisms decompose this organic matter, they help
bind soil particles together creating better soil structure.

□ Better soil structure improves infiltration and water holding
capacity. It also decreases erosion and runoff potential.

□ Moisture can be held longer in soil with higher organic matter
content and used later such as during a drought.

Grade Level 6-8

LESSON PROCEDURES: 
DAY 1

Researching Ways of Protecting 
Soil Health and Water Quality
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Guiding Questions
How do farming practices affect water quality? 

15 minutes

Investigation 3:  
Testing erosion potential 
using the clod test

1. Provide students with materials for the clod test.

2. Conduct the lab according to procedures to investigate how the
two soils from the plantings behave differently when placed in
water.

• Part 1: Collect a clod from both no-till and tilled fields. Make
observations.

• Part 2: Label two tall containers as no-till and tilled. Bend the
wire mesh to create a shelf in the container. The shelf should
be deep enough in the container that when a dirt clod is placed
on the shelf, it will be completely covered with water. Fill the
container to the top with water. Add a clod to the shelf in each
container. Make observations.

• The soil with tillage will basically dissolve in the water while the
soil from no-till management will not. The no-till soil clod seems
to be held together by a “soil glue”.

• Point out that turbidity is the cloudiness of water caused by
particles in the water. It is a measurement of water quality where
high turbidity = low quality of water.

3. Discuss: Compare the effect of water on no-till (A) and tilled (B)
soils. Write observations in science journal.

4. Have students write a written reflection to show understanding of
the soil erosion

• Which soil is more likely to erode?

Grade Level 6-8

LESSON PROCEDURES: 
DAY 2

Researching Ways of Protecting 
Soil Health and Water Quality
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Guiding Questions
How do farming practices affect water quality? 

20 minutes

Relating soil health to 
water quality

5. Provide students with information about soil erosion affecting water
quality in the Gulf of Mexico.

• Each year, the Mississippi River carries approximately 500 million
tons of sediment into the Gulf of Mexico. The image shows the
murky brown water of the Mississippi mixing with the dark blue
water of the Gulf two days after a rainstorm. The river brings
enough sediment from its 3,250,000 square km (1,250,000 square
mi) basin to extend the coast of Louisiana 91 m (300 ft) each year.

• Encourage students to think about how soil loss such as this affects
water quality in the earth system.

6. Discuss as a whole class:
• What will be the long term effect on the water quality in the Gulf

of Mexico?

• What will be the long term effect on soil quantity on our farms?

• What other materials besides soil might be entering the Gulf of
Mexico due to erosion?

7. As a class, read about the Dead Zone in the Gulf of Mexico
or listen to the story: http://www.npr.org/sections/
thesalt/2017/08/03/541222717/the-gulf-of-mexicos-dead-zone-is-
the-biggest-ever-seen

8. Discuss:
• What industries might be affected if the dead zone continues to

increase?

• In 2017, the Midwest had record rainfall. In the same year, the
Dead Zone was the largest in history. Do you have any evidence
that these occurrences are related?

Grade Level 6-8

LESSON PROCEDURES: 
DAY 2

Researching Ways of Protecting 
Soil Health and Water Quality

The most serious water pollution problem in the Gulf of Mexico does not come from oil rigs as many people 
might believe. Instead, rainstorms, agricultural fields, and runoff are the culprit. When rainstorms bring large 
amounts of water, water doesn’t always infiltrate into the soil. Often excess rainwater carries away soil and 
nitrogen and phosphorus fertilizers along with it. 

The green area along the coast of the Gulf of Mexico is known as “the dead zone”. Nitrogen and phosphorus 
from fertilizers feed algae which form blooms. When the blooms die, they decay and use up oxygen. This 
means the waters in the dead zone have very low amounts of dissolved oxygen to support marine life. Fish 
can swim away from the area to find higher levels of oxygen but often slow-moving organisms cannot and die.
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Guiding Questions
How do farming practices affect water quality? 

10 minutes

Reflecting on solutions 
to nutrient pollution

Grade Level 6-8

LESSON PROCEDURES: 
DAY 2

Researching Ways of Protecting 
Soil Health and Water Quality

9. Introduce the following real-world example of nutrient pollution in
the U.S.

• The Chesapeake Bay had a similar problem, but in 2010, despite
protest from farmers, the government stepped in creating
regulations restricting the amount of nutrient pollution that
could enter the bay. Today, the bay is starting to recover.

10. Have students discuss the following questions with a partner or
small group. Select one question and write a brief reflection in their
science journal.

• If sediment and pollutants from the Midwest continue to flow
into the Gulf of Mexico, do you think the government should
step in and regulate? Why or why not?

• One way to prevent government regulation is for farmers to
proactively solve the problem. What strategies could a farmer
implement to reduce erosion and minimize impact on the Gulf of
Mexico?

NOTES
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Guiding Questions
How do farming practices affect water quality? 

5 minutes to set up,  
5 minutes to test and record 
nitrates on 3 subsequent days

Set up a demonstration of how 
to test for nitrates in water

Grade Level 6-8

LESSON PROCEDURES: 
DAY 2

Researching Ways of Protecting 
Soil Health and Water Quality

11. Discuss with students how testing for nitrates is one way of
monitoring water quality so that we know if levels become unsafe.

12. Set up a simple investigation to introduce the effect of fertilizer
exposure on nitrate/nitrite levels in drinking water.

• SAFETY NOTE: Be sure to inform students that water
used in this experiment should NOT be used as drinking
water. Nitrate levels will exceed 10ppm which is beyond
the limit safe for human consumption.

• Fill a disposable cup half-way with tap water.

• Follow label directions on nitrate/nitrate testing strips
to determine nitrate and nitrate levels in drinking prior to
fertilizer exposure.

• Add 10-12 Osmocote fertilizer pellets. Cover with lid
and store away from students until needed for testing.

• Use nitrate strips according to label directions to test
for nitrate/nitrite levels in the water at 24, 48, and 72
hours to document nitrate level changes.

13. Discuss connections between this simple experiment and the
real-world farming concern of fertilizer run-off.

• On many farms, anhydrous ammonia is the most popular
form of nitrogen fertilizer. It is a gas which can be stored as
a pressurized liquid and is not encapsulated in a slow-release
pellet like Osmocote.

□ How might the different forms of application affect the
potential for water quality issues?

□ Why does rate of fertilizer application matter when trying to
protect water quality? What would happen if we doubled the
number of fertilizer pellets in the water?

14. Discuss how students might apply what they have learned to their
unit design challenge.

• How might you consider how many fertilizer pellets to apply
when designing your growing system?

• How might you use similar nitrate testing to test the
environmental quality of your growing system?

Nitrite level Nitrate level
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