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Unit Title: What Happens When Farmers Plant More Crops? 

Carl Armstrong 
carlparmstrong@gmail.com 
Waubonsie Valley High School 

Aurora, IL 
Environmentalist 

https://twitter.com/WaubonsieGreen 
Aligned Standards: (The unit standards will be listed by grade level and subject area.) 
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the 
environment and biodiversity. 
HS-LS4-6. Create or revise a simulation to test a solution to mitigate adverse impacts of human activity on 
biodiversity. 
HS-LS4-5. Evaluate the evidence supporting claims that changes in environmental conditions may result in: 
(1) increases in the number of individuals of some species, (2) the emergence of new species over time, and 
(3) the extinction of other species. 
HS-ESS2-6. Develop a quantitative model to describe the cycling of carbon among the hydrosphere, 
atmosphere, geosphere, and biosphere. 
HS-ESS2-4. Use a model to describe how variations in the flow of energy into and out of Earth’s systems result 
in changes in climate. 
HS-ESS3-5. Analyze geoscience data and the results from global climate models to make an evidence-based 
forecast of the current rate of global or regional climate change and associated  future impacts to Earth 
systems. 
HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, 
occurrence of natural hazards, and changes in climate have influenced human activity. 
HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral 
resources based on cost-benefit ratios. 
HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural 
systems. 
HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how 
those relationships are being modified due to human activity. 
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more 
manageable problems that can be solved through engineering. 
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs 
that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible 
social, cultural, and environmental impacts. 
 
CCSS.ELA-LITERACY.WHST.11-12.1.E Provide a concluding statement or section that follows from or supports 
the argument presented. 
CCSS.ELA-LITERACY.WHST.11-12.2.A Introduce a topic and organize complex ideas, concepts, and information 
so that each new element builds on that which precedes it to create a unified whole; include formatting (e.g., 
headings), graphics (e.g., figures, tables), and multimedia when useful to aiding comprehension. 
 
CCSS.MATH.CONTENT.HSS.IC.B.6 Evaluate reports based on data. 

 

SS.H.4.9-12. Analyze how people and institutions have reacted to environmental, scientific, and technological 
challenges.  
SS.H.11.9-12. Analyze multiple and complex causes and effects of events in the past.  
SS.EC.7.9-12. Describe how government policies are influenced by and impact a variety of stakeholders.  
SS.G.1.9-12. Use maps (created using geospatial and related technologies, if possible), satellite images, and 
photographs to display and explain the spatial patterns  
of physical, cultural, political, economic, and environmental characteristics.  

SS.G.3.9-12. Analyze and explain how humans impact and interact with the environment and vice versa.  
 

Enduring Understandings Essential Questions 

mailto:carlparmstrong@gmail.com
https://twitter.com/WaubonsieGreen
http://www.corestandards.org/ELA-Literacy/WHST/11-12/1/e/
http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/a/
http://www.corestandards.org/Math/Content/HSS/IC/B/6/
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● People grow food on a finite amount of land 

● Growing more food means having less of 
something else 

● Growing food can have unintended consequences 
● People and society are supported by ecosystems 

and their services 

● People and society can choose how the world 
around us looks and what it provides 

● What does it mean to plant more crops? 

● Why do people need to grow more food? 
● What happens when habitat is lost? 

● How can people balance food needs against 
other needs, such as clean water or carbon 

storage? 

● How long does it take to change an 
environment? 

 

Transfer Goals  
 

Asking questions and defining problems  
Developing and using models 
Planning and carrying out investigations 
Analyzing and interpreting data 
Using mathematics and computational thinking 
Constructing explanations (for science) and designing solutions (for engineering) 
Engaging in argument from evidence 
Obtaining, evaluating, and communicating information 

Learning Objectives 
● I can learn how crops are grown in the United States 

● I can understand the role of ecosystems in maintaining human health 

● I can discuss ecosystems, their parameters, and how people change them 
● I can create a model of the carbon cycle and explain how farming alters it 

● I can understand the nature of soil and its role in human society and the environment 
● I can describe changes to the water cycle that result from farming 

● I can discuss the pros and cons of growing more food 

● I can think of solutions to problems associated with increased farming 
 

Evidence of Learning 
Example Performance Tasks Example Evidence 

● Brainstorm activities 
● Group and class discussion 

● Model creation 

● Explaining consequences 
● Problem solving 

 

 

● After learning about the consequences of 
planting more crops, Design a program for 

farmers that could minimize or mitigate all of 

the identified consequences. Must be easy to 
implement, cost-effective, simple to measure and 

verify. 

Library of Congress: Primary Sources Materials/Supplies/Resources  
● https://pubs.usgs.gov/sir/2006/5050/ - Nitrate 

pollution in groundwater 
● http://www.nber.org/papers/w17625 Impact of 

Ogallala Aquifer 

● http://www.fao.org/climatechange/29763-

0daebeae838c70f713da780982f16e8d9.pdf 

Guidebook for c seq for farmers 
● http://www.nap.edu/openbook.php?record_id=1

8805 – Climate intervention: co2 removal and seq 
● https://www.loc.gov/item/2013633491/ 

Farming in N. CA 

● https://www.loc.gov/item/2011634324/Endless 

Crop in Eastern MT 

● https://www.loc.gov/item/99446146/ Ag map of 

TN 
● https://www.loc.gov/resource/fsa.8b26567/ Cut 

over land plowed for crops 

● Large sheets of paper/butcher paper & Markers 

● OR Dry-erase boards & dry-erase markers 
● 5 Computer/Laptop screens 

https://pubs.usgs.gov/sir/2006/5050/
http://www.nber.org/papers/w17625
http://www.fao.org/climatechange/29763-0daebeae838c70f713da780982f16e8d9.pdf
http://www.fao.org/climatechange/29763-0daebeae838c70f713da780982f16e8d9.pdf
http://www.nap.edu/openbook.php?record_id=18805
http://www.nap.edu/openbook.php?record_id=18805
https://www.loc.gov/item/2013633491/
https://www.loc.gov/item/2011634324/
https://www.loc.gov/item/99446146/
https://www.loc.gov/resource/fsa.8b26567/
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● https://www.loc.gov/item/2017765242/ Driving 

a tractor 
● https://www.loc.gov/resource/pan.6a36642/ 

Gas plow on prairie 
● https://www.loc.gov/resource/afc1991021.afc1

991021_45379/ Irrigation pivot 

● https://www.loc.gov/resource/afc1991021.afc1
991021_44837/ Irrigation Ditch 

● https://www.loc.gov/item/2013651009/ Prairie 
Wolves 

● https://www.loc.gov/item/2017686566/ Pond 

and prairie in CO 
● https://www.congress.gov/bill/115th-

congress/senate-bill/1913 American prairie 

conservation act 
● https://www.loc.gov/item/2017877350/ 

Spreading fertilizer 
● https://www.loc.gov/item/2017723954/ Pile of 

Oyster shells 

● https://www.esrl.noaa.gov/gmd/ccgg/trends/ful

l.html Keeling Curve 

● https://www.loc.gov/resource/fsa.8b18214/ 
Farmer pulling disc 

● https://www.loc.gov/rr/scitech/SciRefGuides/ea

rthday.html Earth Day guide 
● https://www.epa.gov/eco-research/ecoregions-

north-america Ecoregions of North America 

● https://www.loc.gov/item/2005924663/ 

Ecosystem services 

● https://www.loc.gov/item/2004398839/ USGS 
Water Quality 

● https://www.nrcs.usda.gov/wps/portal/nrcs/det
ailfull/national/programs/initiatives/?cid=stelpr

db1048809 Ogallala Initiative 

● http://www.loc.gov/teachers/classroommaterial
s/primarysourcesets/dust-bowl-migration/ Dust 

Bowl set 

 

Lesson Plan: Farmers and Crops, Day One Lesson Length: One 45-minute period 
Grade Level: 11-12 Related Unit: What happens…plant more crops? 
Enduring Understandings Essential Questions 

● People grow food on a finite amount of land 
● Growing more food means having less of 

something else 

● People and society are supported by ecosystems 

and their services 

● People and society can choose how the world 
around us looks and what it provides 

● What does it mean to plant more crops? 
● Why do people need to grow more food? 

● What happens when habitat is lost? 

 

Transfer Goals 
● Asking Questions 

● Constructing explanations  

● Engaging in argument from evidence 

● Obtaining, evaluating, and communicating information 

Learning Objectives 

https://www.loc.gov/item/2017765242/
https://www.loc.gov/resource/pan.6a36642/
https://www.loc.gov/resource/afc1991021.afc1991021_45379/
https://www.loc.gov/resource/afc1991021.afc1991021_45379/
https://www.loc.gov/resource/afc1991021.afc1991021_44837/
https://www.loc.gov/resource/afc1991021.afc1991021_44837/
https://www.loc.gov/item/2013651009/
https://www.loc.gov/item/2017686566/
https://www.congress.gov/bill/115th-congress/senate-bill/1913
https://www.congress.gov/bill/115th-congress/senate-bill/1913
https://www.loc.gov/item/2017877350/
https://www.loc.gov/item/2017723954/
https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.loc.gov/resource/fsa.8b18214/
https://www.loc.gov/rr/scitech/SciRefGuides/earthday.html
https://www.loc.gov/rr/scitech/SciRefGuides/earthday.html
https://www.epa.gov/eco-research/ecoregions-north-america
https://www.epa.gov/eco-research/ecoregions-north-america
https://www.loc.gov/item/2005924663/
https://www.loc.gov/item/2004398839/
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-bowl-migration/
http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-bowl-migration/
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● I can discuss the pros and cons of growing more food 

 

Library of Congress: Primary Sources Materials/Supplies/Resources 
● https://www.esrl.noaa.gov/gmd/ccgg/trends/ful

l.html Keeling Curve 

● https://www.loc.gov/resource/afc1991021.afc1

991021_45379/ Irrigation pivot 
● https://www.loc.gov/item/2017723954/ Pile of 

Oyster shells 

● https://www.loc.gov/resource/pan.6a36642/ 
Gas plow on prairie 

● https://www.loc.gov/item/2017877350/ 
Spreading fertilizer 

● https://www.loc.gov/item/2013651009/ Prairie 

Wolves 
● https://www.loc.gov/resource/fsa.8b18214/ 

Farmer pulling disc 

● Large sheets of paper/butcher paper & Markers 

● OR Dry-erase boards & dry-erase markers 

● 7 Computer/Laptop screens  

● Paper 
● Writing utensils 

● http://www.loc.gov/teachers/primary-source-

analysis-tool/ LoC TPS Analysis tool 

Lesson Plan 
Engage: How can I get students interested in this? 

● Seating for this unit is best done in small groups of 4, instead of traditional rows of students. If you have rows 

in your classroom, consider changing the setup to allow for a more natural grouping of students. 

● Brainstorm bellringer is the title of the unit. On the board, post the question: What happens when farmers 
plant more crops? 

● As class begins, ask students to consider the question. Give one minute for silent individual thinking, and then 
give two minutes for discussion at their desks in their small groups. 

● As a class, brainstorm answers to the bellringer question. Put all answers on the board and create one large 

brainstorm of ideas. 
● Try to call on every student. For students that might need more time to prepare, differentiate by prompting 

them ahead of time when you’ll call on them. This can be done in a variety of ways according to your 
individual classroom. 

● At the end of the brainstorm, ask students to organize the responses into pros and cons. For example “having 

more food” would be a pro, whereas “habitat loss” would be a con.  
● Rewrite the brainstorm with this new organization. Make it so that the whole class can reference it. You might 

move answers around on a Smartboard, re-write on a dry-erase or chalkboard, write on a new sheet of 
butcher paper, create a digital re-write, etc. Format is up to you, but make sure that the organized brainstorm 

is available to look at throughout the unit 

● This should take about 15 minutes in total 

Explore: What tasks/questions can I offer to help students puzzle through this? 
● Around the classroom (ideally the lab section of a classroom if the room has both a lecture and a lab half) have 

7 screens set up each showing a different slide from the following presentation: 
https://docs.google.com/presentation/d/1I_BS-itKTQUtTjPNwD_ly-eTtSZTjZjfuksuCNHN0-

k/edit?usp=sharing 

● For the teacher: 
● Image 1 is the Keeling Curve. It shows the level of carbon dioxide in the atmosphere 

● Image 2 is a pile of Oyster shells used for fertilizer 
● Image 3 is an irrigation pivot for watering crops 

● Image 4 is a farmer plowing a field 

● Image 5 is a farmer fertilizing land 
● Image 6 is a group of people plowing up prairie with machinery 

● Image 7 is an illustration of prairie wolves 
● Have students, in their groups, stand up and rotate around the room, looking at all 7 screens in turn. If there 

are any students with physical disabilities that cannot do this, differentiate by giving the student the link to 

the presentation and allowing them to view the presentation at their seat. 

https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.loc.gov/resource/afc1991021.afc1991021_45379/
https://www.loc.gov/resource/afc1991021.afc1991021_45379/
https://www.loc.gov/item/2017723954/
https://www.loc.gov/resource/pan.6a36642/
https://www.loc.gov/item/2017877350/
https://www.loc.gov/item/2013651009/
https://www.loc.gov/resource/fsa.8b18214/
http://www.loc.gov/teachers/primary-source-analysis-tool/
http://www.loc.gov/teachers/primary-source-analysis-tool/
https://docs.google.com/presentation/d/1I_BS-itKTQUtTjPNwD_ly-eTtSZTjZjfuksuCNHN0-k/edit?usp=sharing
https://docs.google.com/presentation/d/1I_BS-itKTQUtTjPNwD_ly-eTtSZTjZjfuksuCNHN0-k/edit?usp=sharing
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● As groups are rotating through, they should answer, at each station, the question, “What does this have to do 

with farming?” 
● Depending on teacher preference, you may have students write the answers to this question on a sheet of 

butcher paper that stays at each station, or on a sheet of paper carried with each group as they move around 
the room. Whiteboards could be substituted in either scenario. 

● Each station should be timed; 2 minutes is a good amount of time to spend at each station. This will allow 

students to look at and discuss each picture. 
● http://www.loc.gov/teachers/primary-source-analysis-tool/ the LoC’s analysis tool could be used in the 

groups to look at the photographs if the students need more structure. 
● This should take about 15 minutes. 

 
 

 

Explain: How can I help students make sense of their observations? 
● Students should return to their seats. Display the student answers so everyone can see everyone else’s work. 

On the board/front screen, write the following (minus the numbers in parentheses):  

▪ Habitat and species destruction (2 & 7, maybe 6) 

▪ Changes in the carbon cycle (1) 

▪ Pollution (5, maybe 4) 

▪ Changes in the water cycle (3) 

▪ Soil erosion (4, maybe 6) 

● Ask students which pictures match which bullet point. There might be some debate or differences of opinion. 
Embrace those differences and discuss them. At the end, let the students know which pictures are supposed to 

represent which bullet point (indicated by the numbers in parentheses above). 

● Explain to students that these are the five primary negative consequences of farming 

● Ask students what people gain in exchange for these negatives 

● Explain to students that society really has no choice but to farm land and grow crops, and that trying to 
minimize the effects of farming is important. 

Evaluate: How can I help my students self-evaluate and reflect on the learning? 
● As the period draws to a close, ask students to rank the 5 consequences in order, based on how much they 

know. You may do this as you see fit, either as a class wrap-up, or exit slip, or digital survey, etc. The goal for 

you is to get an idea of existing knowledge levels before going into further depth in upcoming lessons. 
 

 

 

Lesson Plan: Farmers and Crops, Day Two Lesson Length: One 45-minute period 

Grade Level: 11-12 Related Unit: What happens … plant more crops? 

Enduring Understandings Essential Questions 

● Growing more food means having less of 
something else 

● People and society are supported by ecosystems 

and their services 

 

● What happens when habitat is lost? 
● How long does it take to change an 

environment? 

 

Transfer Goals 

http://www.loc.gov/teachers/primary-source-analysis-tool/
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Asking questions and defining problems  

Developing and using models 

Planning and carrying out investigations 

Analyzing and interpreting data 

Constructing explanations 

Obtaining, evaluating, and communicating information 

Learning Objectives 

● I can understand the role of ecosystems in maintaining human health 

● I can discuss ecosystems, their parameters, and how people change them 

Library of Congress: Primary Sources Materials/Supplies/Resources 

● http://digitalcommons.unl.edu/cgi/viewcontent.c

gi?article=1041&context=natrespapers 

● https://www.loc.gov/rr/scitech/SciRefGuides/ea

rthday.html 
● https://www.epa.gov/eco-research/ecoregions-

north-america 

● https://www.loc.gov/item/2005924663/ 
 

● Large sheets of paper/butcher paper & Markers 

● OR Dry-erase boards & dry-erase markers 

● Computer/Laptop screens. At least one. 

● Paper 
● Writing utensils 

● http://www.loc.gov/teachers/primary-source-

analysis-tool/ LoC TPS Analysis tool 

Lesson Plan 

Engage: How can I get students interested in this? 

● Show https://www.loc.gov/item/2013651009/ 

● Use the LoC’s Primary Analysis tool found at http://www.loc.gov/teachers/primary-source-analysis-tool/ 
● Have each table group develop questions about the image, and go around the room, giving each group a 

chance to ask one question from the table. Answer them to the best of your capacity. 
● Since the image is specifically about a prairie wolf, for teachers unfamiliar with North American grassland 

mammals including wolves, and the history of the community, 

http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1041&context=natrespapers is a good source for 
background information. Teachers can use this to familiarize themselves with the background ahead of time, 

and as a reference to create any presentations they may wish to add. 

● Wolves once lived in nearly every state in the country (except Hawaii). So regardless of how your students 

view the word “farmer”, wolves are a part of your state’s natural history (except Hawaii). 

● At the end of the Engage portion, students should have a firm idea that wolves once lived everywhere in the 
country, and that they lived in nearly every sort of ecosystem in North America as a result. 

● This should last about 10-15 minutes. 

Explore: What tasks/questions can I offer to help students puzzle through this? 

● Ask students: If we are planting more crops today, then at one point we must have planted fewer crops, or no 

crops. What was here in our state before our agriculture? 
● Allow time for guesses. Depending on the community, there might be very few. 

● Direct students to https://www.loc.gov/rr/scitech/SciRefGuides/earthday.html 
● Ask them to look for answers to the following questions: What ecosystems are found in our state? What are 

the requirements for those ecosystems? 

● Before class, also find your state’s department of natural resources website, and provide that to students as 
well 

● On the board or on a large sheet of paper, have table groups write the different ecosystems found in your state 

as they discover them. You will want to review ahead of time the primary ecosystems, so you can provide 
some guidance. Nearly every state has some sort of forest and some sort of wetland. Many states also have 

http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1041&context=natrespapers
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1041&context=natrespapers
https://www.loc.gov/rr/scitech/SciRefGuides/earthday.html
https://www.loc.gov/rr/scitech/SciRefGuides/earthday.html
https://www.epa.gov/eco-research/ecoregions-north-america
https://www.epa.gov/eco-research/ecoregions-north-america
https://www.loc.gov/item/2005924663/
http://www.loc.gov/teachers/primary-source-analysis-tool/
http://www.loc.gov/teachers/primary-source-analysis-tool/
https://www.loc.gov/item/2013651009/
http://www.loc.gov/teachers/primary-source-analysis-tool/
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1041&context=natrespapers
https://www.loc.gov/rr/scitech/SciRefGuides/earthday.html
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grasslands. You’ll want to decide on your own if you want students to include aquatic ecosystems as well , or 

just limit the lesson to terrestrial ecosystems. You can differentiate instruction by dialing in the specificity of 
the ecosystems you want: grassland, prairie, tallgrass prairie or wet-mesic prairie, for example. Ecosystems 

have numerous subtypes, but require specific knowledge from the teacher. 
● This should take about 15 minutes 

 

 

Lesson Plan: Farmers and Crops, Day Three Lesson Length: One 45-minute class period 

Grade Level: 11-12 Related Unit: What happens…plant more crops? 

Enduring Understandings Essential Questions 

● Growing more food means having less of 

something else 

● People and society are supported by ecosystems 

and their services 
● People and society can choose how the world 

around us looks and what it provides 

● What happens when habitat is lost? 

● How can people balance food needs against 

other needs, such as clean water or carbon 

storage? 
● How long does it take to change an 

environment? 

Transfer Goals 

Asking questions and defining problems  

Developing and using models 

Constructing explanations  

Obtaining, evaluating, and communicating information 

Learning Objectives 

● I can create a model of the carbon cycle and explain how farming alters it 

● I can discuss the pros and cons of growing more food 

Library of Congress: Primary Sources Materials/Supplies/Resources 

● htps://www.esrl.noaa.gov/gmd/ccgg/trends/full.

html Keeling Curve 

● https://www.loc.gov/item/2011634324/Endless 

Crop in Eastern MT 

● http://www.fao.org/climatechange/29763-
0daebeae838c70f713da780982f16e8d9.pdf 

● Butcher paper and markers -or- Whiteboards 

and dry-erase markers 

● Post-it Notes 

Lesson Plan 

Engage: How can I get students interested in this? 

● As students come in, have htps://www.esrl.noaa.gov/gmd/ccgg/trends/full.html and 

https://www.loc.gov/item/2011634324/ displayed next to each other on a screen. Alternatively, have good-
quality printouts of each image placed on each small group’s tables 

● On the board, write “How are these related?” 
● Give table groups 60-90 seconds to discuss their thoughts as you pass around either butcher paper & markers, 

or whiteboards & dry-erase markers 

● Once you’ve gotten the supplies passed out tell the groups to write down their thoughts and answers to the 

question, and also instruct them to illustrate or diagram their answers as well. 

● You’re likely to get confusion about illustrating, if students aren’t used to converting their written words into 
something more visual. This is ok. Try to guide students along with the process, but don’t micromanage. Initial 

diagrams don’t need to be perfect, they just need to be attempted. 

https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.loc.gov/item/2011634324/
http://www.fao.org/climatechange/29763-0daebeae838c70f713da780982f16e8d9.pdf
http://www.fao.org/climatechange/29763-0daebeae838c70f713da780982f16e8d9.pdf
https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.loc.gov/item/2011634324/
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● After everyone’s done, have the groups posit ideas about how they think the two images are related. Write 

these ideas on the board. 
● This should take 10 minutes 

Explore: What tasks/questions can I offer to help students puzzle through this? 

● If any group said that agriculture alters the carbon cycle and/or impacts climate, circle those answers on the 
board. Explain to the class that today, you’re going to examine the carbon cycle and the role agriculture plays 

in it. Ask students what they already think they know. Erase the other ideas from the board and write these 
new thoughts on the board in their place. Leave the circled ideas up if they were there. 

● If students have learned about the carbon cycle before, see if the class can collectively illustrate one on the 

board for reference.  

● If not, pull up a diagram of the carbon cycle and go over it with the class. If you are unsure of how to find a 

carbon cycle diagram, try searching for “EPA Carbon Cycle” in Google Images and use one that is appropriate 
to the level of student in your class. 

● This carbon cycle diagram should not include agricultural effects; it should merely be a general diagram of the 

carbon cycle. Modifying it comes next. 
● This should take about 10 minutes 

 

Lesson Plan: Farmers and Crops, Day Three Lesson Length: One 45-minute class period 

Grade Level: 11-12 Related Unit: What happens…plant more crops? 

Enduring Understandings Essential Questions 

● Growing more food means having less of 

something else 

● People and society are supported by ecosystems 
and their services 

● People and society can choose how the world 
around us looks and what it provides 

● What happens when habitat is lost? 

● How can people balance food needs against 

other needs, such as clean water or carbon 
storage? 

● How long does it take to change an 
environment? 

Transfer Goals 

Asking questions and defining problems  

Developing and using models 

Constructing explanations  

Obtaining, evaluating, and communicating information 

Learning Objectives 

● I can create a model of the carbon cycle and explain how farming alters it 

● I can discuss the pros and cons of growing more food 

Library of Congress: Primary Sources Materials/Supplies/Resources 

● htps://www.esrl.noaa.gov/gmd/ccgg/trends/full.
html Keeling Curve 

● https://www.loc.gov/item/2011634324/Endless 

Crop in Eastern MT 

● http://www.fao.org/climatechange/29763-

0daebeae838c70f713da780982f16e8d9.pdf 

● Butcher paper and markers -or- Whiteboards 
and dry-erase markers 

● Post-it Notes 

https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.loc.gov/item/2011634324/
http://www.fao.org/climatechange/29763-0daebeae838c70f713da780982f16e8d9.pdf
http://www.fao.org/climatechange/29763-0daebeae838c70f713da780982f16e8d9.pdf
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Lesson Plan 

Engage: How can I get students interested in this? 

● As students come in, have htps://www.esrl.noaa.gov/gmd/ccgg/trends/full.html and 

https://www.loc.gov/item/2011634324/ displayed next to each other on a screen. Alternatively, have good-
quality printouts of each image placed on each small group’s tables 

● On the board, write “How are these related?” 

● Give table groups 60-90 seconds to discuss their thoughts as you pass around either butcher paper & markers, 
or whiteboards & dry-erase markers 

● Once you’ve gotten the supplies passed out tell the groups to write down their thoughts and answers to the 
question, and also instruct them to illustrate or diagram their answers as well. 

● You’re likely to get confusion about illustrating, if students aren’t used to converting their written words into 

something more visual. This is ok. Try to guide students along with the process, but don’t micromanage. Initial 
diagrams don’t need to be perfect, they just need to be attempted. 

● After everyone’s done, have the groups posit ideas about how they think the two images are related. Write 

these ideas on the board. 
● This should take 10 minutes 

Explore: What tasks/questions can I offer to help students puzzle through this? 

● If any group said that agriculture alters the carbon cycle and/or impacts climate, circle those answers on the 

board. Explain to the class that today, you’re going to examine the carbon cycle and the role agriculture plays 

in it. Ask students what they already think they know. Erase the other ideas from the board and write these 
new thoughts on the board in their place. Leave the circled ideas up if they were there. 

● If students have learned about the carbon cycle before, see if the class can collectively illustrate one on the 
board for reference.  

● If not, pull up a diagram of the carbon cycle and go over it with the class. If you are unsure of how to find a 

carbon cycle diagram, try searching for “EPA Carbon Cycle” in Google Images and use one that is appropriate 

to the level of student in your class. 

● This carbon cycle diagram should not include agricultural effects; it should merely be a general diagram of the 
carbon cycle. Modifying it comes next. 

● This should take about 10 minutes 

 

 

 

Lesson Plan: Farmers and Crops, Day Six Lesson Length: One 45-minute period 

Grade Level: 11-12 Related Unit: What happens… plant more crops? 

Enduring Understandings Essential Questions 

● Growing more food means having less of 
something else 

● People and society are supported by ecosystems 

and their services 

● People and society can choose how the world 

around us looks and what it provides 

● How can people balance food needs against 
other needs, such as clean water or carbon 

storage? 

● How long does it take to change an 

environment? 

 

Transfer Goals 

Asking questions and defining problems  

Planning and carrying out investigations 

Analyzing and interpreting data 

Constructing explanations  

Engaging in argument from evidence 

https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html
https://www.loc.gov/item/2011634324/
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Obtaining, evaluating, and communicating information 

Learning Objectives 

● I can learn how crops are grown in the United States 

● I can understand the nature of soil and its role in human society and the environment 

● I can describe changes to the water cycle that result from farming 
● I can discuss the pros and cons of growing more food 

Library of Congress: Primary Sources Materials/Supplies/Resources 

● https://www.loc.gov/resource/afc1991021.afc19

91021_44837/ 
● https://www.nber.org/papers/w17625 

● https://water.ca.gov/Programs/State-Water-

Project/History/SWP-Timeline 
● https://www.nrcs.usda.gov/wps/portal/nrcs/det

ailfull/national/programs/initiatives/?cid=stelpr

db1048809  

● Whiteboards or butcher paper 

● Markers 

Lesson Plan 

Engage: How can I get students interested in this? 

● Post the following image up on the screen as students are walking in: 

https://www.loc.gov/resource/afc1991021.afc1991021_44837/ 

● Using the primary analysis tool found at http://www.loc.gov/teachers/primary-source-analysis-tool/, have 
the small groups of students come up with thoughts and questions about the irrigation ditch they’re looking at 

● Write the questions they have about the image 
● Tell students this is an irrigation ditch, and ask them why we need to build irrigation ditches 

● Write down answers on the board 

● This should take about 7 minutes 

Explore: What tasks/questions can I offer to help students puzzle through this? 

● Change the question and ask what alternatives farmers might have besides building irrigation ditches.  
● Give small groups 3-4 minutes to think about possible alternatives 

● Go around the room and get one answer from each group; write these on the board, too. Possible answers 

might include pumping groundwater, relying on rainwater only, growing crops that need less water, or 

growing crops indoors, in addition to other ideas. 

● This should take 6-7 minutes 
 

 

 

Explain: How can I help students make sense of their observations? 

https://www.loc.gov/resource/afc1991021.afc1991021_44837/
https://www.loc.gov/resource/afc1991021.afc1991021_44837/
https://www.nber.org/papers/w17625
https://water.ca.gov/Programs/State-Water-Project/History/SWP-Timeline
https://water.ca.gov/Programs/State-Water-Project/History/SWP-Timeline
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.loc.gov/resource/afc1991021.afc1991021_44837/
http://www.loc.gov/teachers/primary-source-analysis-tool/
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● Pull up 

https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb104880
9 and have students read the first paragraph (or you read it to them). Discuss the impact of this paragraph and 

the need to conserve water. 
● Each small group is going to have one of the concepts from above to research. Be sure to include, at minimum, 

irrigation ditches, pumping groundwater, growing crops with only rainwater, growing crops that need less 

water, and growing crops indoors. There might be other good ideas as well. Assign one topic per group 
according to the best practice for your particular class. 

● Direct students to https://www.nber.org/papers/w17625 in addition to 
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb104880

9 as initial sources to examine 

● Students are going to be tasked with examining their alternative and learning as much as they can about it. 
● Students are going to create a list of pros and cons on their topic and write that list on a whiteboard or butcher 

paper.  

● Students should then recommend whether or not their alternative is a good idea for two locations: where your 
class lives (locally) and the nation’s breadbasket. This should also be written on the whiteboard. 

● This should take about 25 minutes 
 

*Questions should be of higher order, to encourage student explanations and support of claims and/or 

evidence. 

Extend/Elaborate: How can my students apply their new knowledge to other situations? 

● In the last five minutes, collect the pros/cons lists and recommendations from students. 
● Inform students that these lists are going to be put up around the room for the remainder of the unit. 

● Alternatively, photograph their pro/con lists and put them all into a Google Slide file that all the students can 

access 

● With the remaining time, field questions that students might still have after researching their topic. 

 

 

Evaluate: How can I help my students self-evaluate and reflect on the learning? 

● After class when time allows, check the lists for accuracy. If there are errors, write any needed changes on 

Post-It notes and add the Post-It notes to the student lists 

 

 

 

 

Lesson Plan: Farmers and Crops, Day Seven Lesson Length: One 45-minute period 

Grade Level: 11-12 Related Unit: What happens… plant more crops? 

Enduring Understandings Essential Questions 

● Growing food can have unintended consequences 
● People and society are supported by ecosystems 

and their services 

 

● What does it mean to plant more crops? 
● Why do people need to grow more food? 

● What happens when habitat is lost? 

● How can people balance food needs against 
other needs, such as clean water or carbon 

storage? 

https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nber.org/papers/w17625
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
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Transfer Goals 

Asking questions and defining problems  

Developing and using models 

Planning and carrying out investigations 

Analyzing and interpreting data 

Using mathematics and computational thinking 

Constructing explanations (for science) and designing solutions (for engineering) 

Engaging in argument from evidence 

Obtaining, evaluating, and communicating information 

Learning Objectives 

● I can learn how crops are grown in the United States 

● I can understand the nature of soil and its role in human society and the environment 

Library of Congress: Primary Sources Materials/Supplies/Resources 

● https://www.loc.gov/resource/fsa.8b18214/  
● http://www.loc.gov/teachers/classroommaterial

s/primarysourcesets/dust-bowl-migration/  

● Paper or whiteboards 

Lesson Plan 

Engage: How can I get students interested in this? 

● Have https://www.loc.gov/resource/fsa.8b18214/ up on the screen as students enter the room 

● At this point in the unit, see if students can analyze the image without needing the LoC’s analysis tool as a 

scaffold 

● Allow time for students to discuss and analyze the image in their small groups 
● Discuss the image, trying to let students’ questions and observations lead the discussion.  

● If no students observed the light cloud of dust trailing behind the tractor, point it out and ask what it is. 

● This should take 6-7 minutes 

Explore: What tasks/questions can I offer to help students puzzle through this? 

● Ask students what happens when soil blows away in the wind. Ask them if it has happened before in the US, 
and if so, when and where. 

● This will generally lead to the Dust Bowl as an answer, as students have something of an idea of the Dust Bowl 

from previous social studies courses when they were younger. 
● Ask students what happens to farmers if the soil blows away- can they still grow crops? 

● Direct students to the LoC’s collection on the Dust Bowl: 

http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-bowl-migration/ 

● Give the small groups time to explore the primary source set. Ask them to write down questions or comments 

on either a sheet of paper or a group whiteboard. 
● This should take 10-15 minutes 

 

https://www.loc.gov/resource/fsa.8b18214/
http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-bowl-migration/
http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-bowl-migration/
https://www.loc.gov/resource/fsa.8b18214/
http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-bowl-migration/
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Explain: How can I help students make sense of their observations? 

● Answer questions students have. You might choose to examine the LoC’s teacher guide beforehand if you are 
unfamiliar with the Dust Bowl: http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-

bowl-migration/pdf/teacher_guide.pdf  
● In all cases, your discussion should pertain to mostly wind erosion. Write this on the board and ask students to 

define it. 

● Ask students if there are other ways to erode soil. Water erosion should come out of the class as a response. 

Try to tease out that answer if possible. Define and discuss this method of soil loss as well. 

● This should take 5-10 minutes 

Extend/Elaborate: How can my students apply their new knowledge to other situations? 

● Ask students: How does nature prevent soil erosion? Why doesn’t soil just simply wash away or blow away 
everywhere, and wind up in the oceans eventually? 

● Give students time to posit out answers. Write them on the board. 

● Your answers will include things related to roots and biomass and other things related to plants. These are 
good answers. 

● Ask students what else plants in nature do that helps out society. You will get responses from topics from 
previous lessons this unit; write them all on the board. Things like carbon storage and water filtration, among 

others, will be voiced. 

● Begin to take the entire unit full circle and discuss what would happen to the soil if farmers planted more 
crops, and also what the rest of the effects would be if farmers planted more crops. 

● By the end of the period, review the previous lessons with students so that when they come in tomorrow, a 
summary of all of the findings of the unit is fresh in their minds 

● By the end of class, make sure that any posters or whiteboards or photos of work are displayed around the 

room in a manner that all students can reference. Alternatively, create or add to a Google Slides presentation 

containing all of the work that students have created up to this point in the unit. Make sure all students have 

access. 

● Ask students what they think they’ll be doing tomorrow once all of this is done. Keep it informal, run it to the 
bell, and try to build some anticipation for the unit’s capstone. 

 

Evaluate: How can I help my students self-evaluate and reflect on the learning? 

 

 

 

 

Lesson Plan: Farmers and Crops, Day Eight Lesson Length: One or more 45-minute classes 

Grade Level: 11-12 Related Unit: What happens…plant more crops? 

Enduring Understandings Essential Questions 

http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-bowl-migration/pdf/teacher_guide.pdf
http://www.loc.gov/teachers/classroommaterials/primarysourcesets/dust-bowl-migration/pdf/teacher_guide.pdf
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● People grow food on a finite amount of land 

● Growing more food means having less of 
something else 

● Growing food can have unintended consequences 
● People and society are supported by ecosystems 

and their services 

● People and society can choose how the world 
around us looks and what it provides 

● What does it mean to plant more crops? 

● Why do people need to grow more food? 
● What happens when habitat is lost? 

● How can people balance food needs against 
other needs, such as clean water or carbon 

storage? 

● How long does it take to change an 
environment? 

 

Transfer Goals 

Asking questions and defining problems  

Developing and using models 

Planning and carrying out investigations 

Analyzing and interpreting data 

Designing solutions 

Engaging in argument from evidence 

Obtaining, evaluating, and communicating information 

Learning Objectives 

● I can think of solutions to problems associated with increased farming 

 

Library of Congress: Primary Sources Materials/Supplies/Resources 

● https://pubs.usgs.gov/sir/2006/5050/ - Nitrate 
pollution in groundwater 

● http://www.nber.org/papers/w17625 Impact of 
Ogallala Aquifer 

● http://www.fao.org/climatechange/29763-

0daebeae838c70f713da780982f16e8d9.pdf 
Guidebook for c seq for farmers 

● http://www.nap.edu/openbook.php?record_id=1

8805 – Climate intervention: co2 removal and seq 

● https://www.congress.gov/bill/115th-

congress/senate-bill/1913 American prairie 
conservation act 

● https://www.loc.gov/rr/scitech/SciRefGuides/ea

rthday.html Earth Day guide 

● https://www.epa.gov/eco-research/ecoregions-

north-america Ecoregions of North America 
● https://www.loc.gov/item/2005924663/ 

Ecosystem services 
● https://www.loc.gov/item/2004398839/ USGS 

Water Quality 

● https://www.nrcs.usda.gov/wps/portal/nrcs/det

ailfull/national/programs/initiatives/?cid=stelpr

db1048809 Ogallala Initiative 

● Paper 
● Digital or print copies of all of the Primary 

Sources listed 

Lesson Plan 

Engage: How can I get students interested in this? 

https://pubs.usgs.gov/sir/2006/5050/
http://www.nber.org/papers/w17625
http://www.fao.org/climatechange/29763-0daebeae838c70f713da780982f16e8d9.pdf
http://www.fao.org/climatechange/29763-0daebeae838c70f713da780982f16e8d9.pdf
http://www.nap.edu/openbook.php?record_id=18805
http://www.nap.edu/openbook.php?record_id=18805
https://www.congress.gov/bill/115th-congress/senate-bill/1913
https://www.congress.gov/bill/115th-congress/senate-bill/1913
https://www.loc.gov/rr/scitech/SciRefGuides/earthday.html
https://www.loc.gov/rr/scitech/SciRefGuides/earthday.html
https://www.epa.gov/eco-research/ecoregions-north-america
https://www.epa.gov/eco-research/ecoregions-north-america
https://www.loc.gov/item/2005924663/
https://www.loc.gov/item/2004398839/
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/programs/initiatives/?cid=stelprdb1048809
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● Before class, make sure all created items are visible for students. This could be in the form of a huge Google 

Slides presentation, or having their physical work hung up around the classroom. 
● On the board, write the following: “Which of these is the most important problem to solve? Why?” 

● Unlike before, where students would work in small groups, let this be a time of quiet reflection of individual 
minds. As students are thinking and contemplating, place signs around the room: One for each topic examined 

during the unit (Pollution, soil erosion, habitat loss, etc). 

● Once it seems clear that everyone has had time to think and arrive at their answer, direct students to stand up 
and walk to the sign that they identify as the biggest problem to solve. 

● Discuss with the class why everyone chose the answer that they chose. Allow time for questions, etc. 
● This should take about 10 minutes 

Explore: What tasks/questions can I offer to help students puzzle through this? 

● As students are returning to their desks, change the bellringer prompt from the initial question to “Solve this 
problem.” This would be most effective by catching students by surprise, so find a discreet way to change the 

board, and then simply stand by the board and wait for them to notice. 

● Depending on how the groups were bunched around the different problems during the bellringer activity, you 
have a choice to make, depending on the makeup of your class and how much freedom you want to give your 

students: if there were natural grouping for each problem outlined during this unit, then these are now the 
new working groups for the capstone activity. If not- if the distribution was uneven- then you can choose to 

reshuffle the groups in a teacher-centered way, or you can let the students remain with the problem they most 

identified with, but break up the groups into more manageable sizes. In this scenario, you’ll have multiple 

groups working on the same problem, but you might have groups more intrinsically interested in their 

problem, leading to more buy-in from the students.  
● Allow time for people to move around the classroom as they join their new groups 

● This should take maybe 3 minutes 

 

 

 

Explain: How can I help students make sense of their observations? 

 

Extend/Elaborate: How can my students apply their new knowledge to other situations? 

● Once students are in their groups, confirm which topic they are going to create solutions for. It might help to 

create a new seating chart for this, just for classroom management purposes. 

● Create a Google Slide with all of the listed primary sources referenced near the top of this lesson plan. Make 
sure students have access to it. Alternatively, if computers or internet is unavailable or unreliable, print out 

copies of every document referenced in the Primary Sources part of this lesson plan and provide paper copies 

to all of the groups or students, depending on feasible and logistical constraints. 
● The final project and capstone activity for the unit is to design for a program for farmers that could minimize 

or mitigate the students’ most important identified consequence. The program must be easy to implement, 

cost-effective, simple to measure and verify. 

● This is going to be a large, messy, complex process. It is important to remind students that they’ve already 

spent time learning about all of the problems associated with planting more crops, and that their previous 
work is available to them (either digitally, or around the room, whatever you decided) 
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● Students are going to need to dig into their research materials, and then go further into their topic if need be. 

Your role as the teacher is to guide them and show them where to look. It’s not to tell them what to see, though. 
For instance, if a group seems overwhelmed, suggest that they break their problem down into smaller pieces 

and assign pieces within their group. If a group comes up with a solution that you know isn’t likely to work, 
give them feedback and ask them critical questions to get them to realize the unworkable parts of their 

solutions. 

● Depending on the skill level of the class, this could take a half hour, or this could take multiple days. That is 
something the classroom teacher will need to determine based on their own understanding of their students’ 

abilities. 
● The final proposal should be something that students can present to the class. How you choose to restrict or 

not restrict formats for final proposals is up to you and your unique classroom needs. For classes with limited 

technology, posters or written proposals might be the only viable formats. Google Slides, Prezi and other digital 
platforms might be options for classes with more expansive access to technology 

Subtopic 0 Points 1 Points 2 Points 3 Points 
Identifying 
problem 

No identification of 
problem 

Problem is 
identified, but 
visuals are poor and 
ambiguous use of 
vocabulary 

Problem is 
identified, but 
visuals are poor or 
ambiguous use of 
vocabulary  

Problem is clearly 
identified, good 
visuals, 
unambiguous use of 
vocabulary 

Explaining problem No explanation of 
problem 

Problem is 
explained, but 
visuals are poor and 
ambiguous use of 
vocabulary 

Problem is 
explained, but 
visuals are poor or 
ambiguous use of 
vocabulary 

Problem is 
thoroughly 
explained, good 
visuals, 
unambiguous use of 
vocabulary 

Solution: Ease of 
implementation 

Solution has no 
viable or realistic 
method of 
implementation 

Implementation is 
poorly explained or 
nearly impossible to 
conceive of 

Implementation is 
incompletely 
explained, or overly 
complex 

Implementation of 
solution is simple, 
straightforward, 
completely 
explained 

Solution: Cost-
effective 

Solution’s costs are 
not mentioned 
whatsoever 

Costs are mentioned 
cursorily or hastily 

Costs are discussed 
broadly but specifics 
are lacking 

Detailed accounting 
of costs, including 
possible existing 
state or federal 
programs, proposed 
new programs, or 
other relevant 
research 

Solution: 
Measurement and 
verification 

Solution has no 
mention of 
measurement or 
verification 

Solution has items to 
test but no mention 
of measurement, no 
goals mentioned, no 
timeline discussed 

Solution has items to 
measure, but no firm 
numbers to achieve, 
or goals are not 
based in research, 
and timeline is 
missing 

Solution has 
concrete, 
measurable markers, 
targeted goals based 
on research, and 
specific timelines for 
meeting goals 

● This is a suggested rubric for your final project. Feel free to modify it to suit your class’s particular needs. 
 

Evaluate: How can I help my students self-evaluate and reflect on the learning? 

● Set a firm due date and presentation date, and have the groups present their proposals to the class.  

● You may choose to offer the opportunity for extra credit by having the class ask the presenting group questions 

at the end of their presentation. This usually has the effect of incentivizing close listening and critical thinking, 
as well as forcing the presenters to defend their ideas and think quickly on their feet. All of these are soft skills 

that students should develop before they leave high school. 

● Grading criteria for their final project should examine the following questions: does the group identify and 

explain their problem? Does the proposed program identify a way to minimize effects of the problem? Is there 

a detailed plan to implement their solutions? How complicated would implementing their solution be? Are 
costs outlined and does their solution seem cost-effective? How would the solution be verifiable and who 
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would verify it? 

● You as the teacher will need some background knowledge for all of these issues. The best way to accomplish 
that, if you don’t already possess the content knowledge, is to read the same primary source data as the 

students. 
● Once all of the presentations are over, spend time reflecting, discussing and asking questions as they arise. 

Students should leave on the final day feeling like they understand the environmental challenges surrounding 

increased agricultural production, as well as ways to solve the challenges. They should feel hopeful. 
 

 

 

 


