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Cover Crop Science Project Book

Welcome to 4-H Cover Crop Science!
This book is designed for youth in grades 68 to
learn about cover crops. It can be used in 4H
projects and clubs, in schools, or in afterschool
or other outofschool programs.
It was designed as a standalone project, but it
does not need to be used in that way. It may be
combined with other project areas or used as a
part of a larger agriculture curriculum.
If you plan to use this book as a guide for a 4H
project, be sure to check with your county for
additional record keeping guidelines and
exhibit requirements.

What’s Inside

This book is made up of 2 sections. The first
focuses on how cover crops are grown and
developed, while the second investigates the
benefits of cover crops. Each section has 5
modules, with several handson or mindson
activities in each. Though each module can be
Section 1
How are Cover Crops Grown & Developed?
Module A.
Module B.
Module C.
Module D.
Module E.

A Plant Primer
Cover Crops in the Rotation
Planting & Harvesting Processes
How Plants Change Over Time
Problems & Solutions in Agriculture

Introduction

What is a cover crop? A cover crop is planted
offseason, or when the main cash crop is not
being grown. As you will learn, cover crops
have many benefits. They protect soil, protect
waterways, and provide food and shelter to
many organisms.

completed on its own, you will develop a better
knowledge base and have a richer experience if
the modules are used in order. In this way, you
will build on your previous learning and form
connections to prior explorations.
Section 2
What are the Benefits of Cover Crops?
Module A.
Module B.
Module C.
Module D.
Module E.

Soil Erosion Reduction
Nutrient Retention
Pollinator Services
Cover Crop Products
Chemistry of Biofuels

Throughout this experience, we will investigate
a variety of cover crops, but we will focus on
one more than the others. Pennycress (Thlaspi
arvense L.) is an oilseed cover crop which can
offer all the benefits above and more.
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Pennycress can be harvested to make biofuels,
cooking oils, and a variety of other products,
which makes it an appealing cover crop option
for farmers.
Pennycress has not traditionally been used as a
cover crop, but because it is being researched
as we speak, it is the perfect place to start in
learning about cover crops. You will be learning
about this specific cover crop alongside
scientists throughout the Midwestern United
States!
Scientists are exploring the potential of
pennycress by working in a variety of teams.
The Breeding and Genetics team is looking at
how to help pennycress grow to produce the
most seeds with the highest seed oil. We will
explore this group’s work in Lessons 1A1D.

A Note to the Project Helper

The help and support of an adult Project Helper
can make a huge difference in the life of a
young person! This might be an adult relative, a
teacher, a 4H leader, or a family friend.
Knowledge of education or agriculture may be
helpful, but any caring adult can fill this role.
As the young person works through the lessons,
the project helper can make sure activities are
done safely. They can also provide support as
the young person gathers materials and
information. They might encourage reflection
by asking additional questions as well as
provide positive guidance and feedback. They
should challenge the young person to continue
their growth through new opportunities and
constructive appreciation.
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The Agronomy and Crop Management team is
working to discover how to best plant and
harvest pennycress, as well as how to minimize
weeds and pests. We will explore this group’s
work in Lesson 1E.
The Ecosystems Services team is working to
identify the benefits pennycress has for soil,
water, pollinators, and other crops. We will
explore this group’s work in Lessons 2A2C.
The Supply Chain team is looking at how to
take seeds and turn them into meaningful
products like crayons, cooking oil, and biofuels.
We will explore this group’s work in Lessons
2D2E.

The lessons in this book are arranged in an
inquirybased format that follows the following
stages:

•

•
•
•
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Introduce/Engage – Youth are introduced to
the topic through pictures, web searches,
readings, and other activities. This activity
develops a driving question that will guide
the rest of the lesson.
Explore – Youth do an activity, monitor
results, observe phenomena, and/or collect
data related to the driving question.
Explain – Youth analyze their results,
observations, and data to develop an answer
to the driving question.
Extend – Youth apply their new knowledge to
a different context. They make connections to
the driving question.

This project book centers around cover crop
science, and it strives to help young people gain
knowledge and skills around this topic.
However, it is important to note that this project
is also a vehicle for more holistic positive youth
development (PYD). This matches the goal of
all 4H programming.
PYD strives to foster behaviors and attitudes in
young people that will allow them to thrive
throughout their life.
National 4H Council has summarized essential
elements of PYD with the acronym BIGM.
BIGM stands for Belonging, Independence,
Generosity, and Mastery. As a Project Helper,
you can look for ways to build upon these
elements within the project work.
Belonging
• Develop a healthy and caring relationship
with your young people.
• Ensure a physically and emotionally safe
environment during project work.
• Remind young people that they are part of
something bigger. This project brings youth
into current, ongoing cover crop research
taking place throughout the Midwestern U.S.
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• Reflect – Youth think through what they
knew before and what they know now.
Reflection can take place at every stage of
the lesson, but specific reflection questions
are given at the end.
These stages work together in a cycle, and
some lessons walk through the stages more than
once.
Each lesson also highlights a career connection.
This shows how today's cover crop science
learning can be the first step on a path to the
future.
Independence
• Allow young people to ask their own
questions. They should follow their own
unique areas of interest as you explore cover
crops together.
• Serve in a supporting role as youth make
their own decisions about their path through
the project.
• Use the Career Connections to help young
people see how their current and future
decisions can impact their future career.
Generosity
• Ask young people how they can use their
new skills and knowledge to give back to
their larger community.
• Discuss the ways cover crops and other
sustainable agriculture practices benefit
everyone. Planet and climate health are
important to all of us!
• Help young people brainstorm and carry out
a service project or educational campaign
focused on cover crops.
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Mastery
• Encourage young people to showcase or
exhibit their new skills and knowledge.
• Challenge young people to deepen their skills
and knowledge with further project work or
further opportunities.
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Educational Standards
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The modules in this book support teaching
many different educational standards. The
following list is a great start for formal
educators who would like to use this book as a

part of a unit of instruction in science,
technology/engineering, math, language, or the
visual arts.

Module 1A: A Plant Primer
• CCSS.ELA.RI.6.1. Cite textual evidence to
support analysis of what the text says
explicitly as well as inferences drawn from
the text.
• NGSS.MSLS11. Conduct an investigation
to provide evidence that living things are
mase of cells; either one cell or many
different numbers and types of cells.
• NGSS.MSLS13. Use argument supported
by evidence for how the body is a system of
interacting subsystems composed of groups
of cells.

Module 1D: How Plants Change Over Time
• CCSS.ELA.RI.6.1. Cite textual evidence to
support analysis of what the text says
explicitly as well as inferences drawn from
the text.
• NGSS.MSLS15. Construct a scientific
explanation based on evidence for how
environmental and genetic factors influence
the growth of organisms.
• NGSS.MSLS31. Develop and use a model
to describe why structural changes to genes
(mutations) located on chromosomes may
affect proteins and may result in harmful,
beneficial, or neutral effects to the structure
and function of the organism.

Module 1B: Cover Crops in the Rotation
• CCSS.ELA.RI.6.1. Cite textual evidence to
support analysis of what the text says
explicitly as well as inferences drawn from
the text.
• NGSS.MSLS15. Construct a scientific
explanation based on evidence for how
environ mental and genetic factors influence
growth of organisms
• NGSS.MSLS25. Evaluate competing
design solutions for maintaining biodiversity
and ecosystems services
Module 1C: Planting & Harvesting Processes
• NGSS.MSETS13. Analyze data from tests
to determine similarities and differences
among several design solutions to identify the
best characteristics of each that can be
combined into a new solution to better meet
the criteria for success.
• STEL7Q. Apply the technology and
engineering design process.

Module 1E: Problems & Solutions in Ag.
• NGSS.MSETS11. Define the criteria and
constraints of a design problem with
sufficient precision to ensure a successful
solution, taking into account relevant
scientific principles and potential impacts on
people and the natural environment that may
limit possible solutions.
Module 2A: Soil Erosion Reduction
• NGSS.MSESS22. Construct an
explanation based on evidence for how
geoscience processes have changed Earth's
surface at varying time and spatial scales.
Module 2B: Nutrient Retention
• CCSS.MATH.6.SP.2. Understand that a set
of data collected to answer a statistical
question has a distribution which can be
described by its center, spread, and shape.
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Module 2B: Nutrient Retention (Continued)
• CCSS.MATH.6.SP.3. Recognize that a
measure of center for a numerical data set
summarizes all of its values with a single
number, while a measure of variation
describes how its values vary with a single
number.
• NGSS.MSLS24. Construct an argument
supported by empirical evidence that
changes to physical or biological components
of an ecosystem affect populations.
Module 2C: Pollinator Services
• NGSS.MSLS14. Use argument based on
empirical evidence and scientific reasoning
to support an explanation for how
characteristic animal behaviors and
specialized plant structures affect the
probability of successful reproduction of
animals and plants respectively.
Module 2D: Cover Crop Products
• NCAS.VA:Cr2.1.6a. Demonstrate openness
in trying new ideas, materials, methods, and
approaches in making works of art and
design.
• NCAS.VA:Cr2.1.7a. Demonstrate
persistence in developing skills with various
materials, methods, and approaches in
creating works of art or design.
• NGSS.MSPS12. Analyze and interpret data
on the properties of substances before and
after the substances interact to determine if a
chemical reaction has occurred.
• NGSS.MSPS13. Gather and make sense of
information to describe that synthetic
materials come from natural resources and
impact society.
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Module 2E: Chemistry of Biofuels
• NGSS.MSPS12. Analyze and interpret data
on the properties of substances before and
after the substances interact to determine if a
chemical reaction has occurred.
• NGSS.MSPS13. Gather and make sense of
information to describe that synthetic
materials come from natural resources and
impact society.

