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THE PURPOSE OF THIS GUIDE
At Green Cover, our mission is to help people regener-
ate God’s creation for future generations. As produc-
ers who make our living from the abundant resources 
with which God has blessed us, we should be the most 
adamant and passionate conservationists. Not only do 
our current and future livelihoods depend on healthy 
functioning soils and ecosystems, but God has charged 
us with caring for His creation. Adam, the first farmer, 
was directed by his Creator to care for and protect the 
soil. At Green Cover, we believe that we still have this 
responsibility, and we are called to take the additional 
step of rebuilding and regenerating our soils. We are 
committed to educating people about soil health, and 
providing them with as many tools and resources as 
we can. This Soil Health Resource Guide is dedicated 
to that end. 

We recognize our own limited knowledge and experi-
ence, so we invited some of the best minds in the Re-
generative Agriculture movement to share their valu-
able expertise and insight for the benefit of all. To some, 
this Guide may be a reinforcement for what they already 
know; to others, it may be the first step in their journey 
towards healthier soils. This is by no means an exhaus-
tive soil health resource; rather, it is intended to be a 
concise summary of soil health concepts, and a gateway 
to further learning. Think of this Guide as a number of 
seeds that can sprout and grow into deeper understand-
ing if you will but plant them. 
We invite you to do your due diligence and further ex-
plore any or all of the topics that we will touch on in this 
Resource Guide. We would be glad to hear your com-
ments and feedback on this Guide, and we are happy to 
provide additional copies upon request. 

Keith and Brian Berns, founders
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“Then the Lord God took the man  
and put him into the garden of Eden  

to tend and keep it (the soil).”
Genesis 2:15
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GREEN COVER
Always Growing

Here at Green Cover, one of our company core values is 
Always Growing. We want to see plants always grow-
ing in our fields. We want to see our customers and our 
employees always growing and learning. We want our 
company to be always growing as well, and we are doing 
a brand refresh to reflect this. 
Our new brand is Green Cover to reflect a broader 
outreach that includes education and resources to ad-
dress all of soil health, not just seed. Don’t worry - we 
are still selling seed! Seeds are the basis of plant life 
and soil growth, and will always be at the core of what 
we do and who we are. But we also have much to offer 
beyond seed. 

You can call us Green Cover Seed, or Green Clover Seed, 
or Green Cover Crops Seed (or the many other variants 
we have heard!) and we will still answer, but we are sim-
ply Green Cover. Green represents life and growth while 
Cover portrays protection and refuge. 
This is who we are, and we are so glad that you are part 
of the Green Cover family as well!

Green Cover, The Power of Diversity, Past Articles

THE POWER OF DIVERSITY
It has been observed that a mixture of plants often 
performs better than a monoculture of the best per-
forming plant in the mix. The “magic” behind this 
lies in each plant species having unique liquid carbon 
root exudates which feed and allow diverse microbial 
populations to increase dramatically. Plants surround-
ed by healthy, abundant microbial communities are 
more drought tolerant, are better supplied with plant 
nutrients, and more resistant to disease. Diversity is a 
powerful force for people as well, and we benefit great-
ly from diversity in our food, friends, economy, and 
education! For this reason we strive to have significant 
new content every year for this Soil Health Resource 

Guide from a diverse array of soil health experts from 
around the world. While that is a good thing, it also 
means that many excellent articles from previous 
editions are not printed in this current edition. Fortu-
nately, we do have all of these available on our website. 
We encourage you to diversify your education and read 
these articles also. Let the learning continue by going 
to www.greencoverseed.com/SHRG! 

Soil Health Science
•  Biotesting Information (PLFA), Haney Soil Testing by 

Lance Gunderson
• Diversity and Pest Management by Jonathan Lundgren
• Fungal Assets by Wendy Taheri
•  Everything You Ever Needed to Know About Mycorrhizal 

Fungi by Dale Strickler
• Carbonomics by Keith Berns
• The Secret Behind the Power of Diversity
• Carbon to Nitrogen Ratio
• Cover Crop Plant Tissue Testing
•  Healthy Soil Is the Real Key To Feeding The World by 

David Montgomery
• Introduction to Regenerative Agriculture by Gabe Brown
• Ecosystem Services From Living Plants by Ray Archuleta
•  Quorum Sensing and Auto Inducers In The Soil Micro-

biome by Christine Jones
• Biological Induction In The Plant-Soil Microbiome
• Nitrogen: The Double Edged Sword
• Leveraging Soil Biology by Matt Hagny
• Length of Green by Peter Donovan
Applied Soil Health
• Living Roots as Often as Possible by Jay Fuhrer
• Minimize Soil Disturbance by Keith Berns
• Keep the Soil Covered by Rolf Derpsch

• A Case Study of Soil Improvement by Kevin Schilthuis
• Spring Green Manure by Burkey Farms 
• Poly Cropping with Multiple Cash Crops by Axten Farms
• Hail Damage and Cover Crops
• Summer Fallow Cover Crops 
• Corn & Soybean Rotation Ideas
• The Drought Resilient Farm by Dale Strickler
• Plant a Cover Crop? But I’ll Use Up All My Moisture! 
• Highboy Seeding
• Aerial Seeding
• Have You Considered Frost Seeding?
• Keep The Soil Covered: Rolf Derpsh, Michael Thompson
• Minimize Soil Disturbance: Keith Berns, Mitchell Hora
• Plant Diversity by Dwayne Beck
•  Living Roots As Often As Possible: Jay Fuhrer , David 

Kleinschmidt
• Relay Cropping by Loran Steinlage
• Poly Cropping featuring John Heerman
• Weed and Feed featuring Dan DeSutter and Jerry Lahners
• Double Crop Sunflowers featuring Joe Swanson
•  The Effect Of Grazing On Plant Root Growth by Jim 

Johnson
• Regenerative Wildlife Ecology by Jason Snavely
• Natural Intelligence Farming by Ian and Di Haggerty
• Biotic Farming featuring Brendon Rockey

• Problem Soils: Salinity, Iron Chlorosis, Compaction 
• Cover Cropping For Pollinators and Beneficial Insects
Soil Health and Grazing
• Adaptive Grazing Management by Allen Williams
•  Grassfed Beef and Soil Health: Profit & Promise by Tim 

Goodnight - Pharo Cattle
•  Improving Pasture Health: Bring Back Dung Beetles by 

Brett Peshek
• Multi Species Grazing: A Primer on Diversity
• Pasture Management for Horses
•  Ley Farming and Forbs: The Forgotten Third Component 

of Pasture by Dale Strickler
• Nitrate Poisoning
• Supplemental Grazing
• Which Cover Crops are Best for Grazing
• Adaptive Multi-Paddock Grazing
• Interseeding Into Warm Season Grasses
•  Interseeding Summer Annuals into Cool Season Grass 

Sods
• Livestock Grazing and Stocking Rates
• Full Season Cover Crop Grazing
• Livestock Integration: Allen Williams, Jeff Goodwin
• Grassfed Beef featuring Cactus Feeders
•  Cattle As The Cash Crop featuring John Niswonger and 

Jacob Miller

Developing healthy soils, growing healthy food
and producing healthy people.
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THE PAST
Dirt: The Erosion of Civilizations 

The twin problems of soil degradation and erosion have 
plagued humanity since the dawn of agriculture. In tell-
ing the story of how civilizations treated their land—
and soil—I came to see healthy, fertile soil as an essen-
tial, and much abused resource. 
The idea that soil erosion contributed to the decline and 
fall of ancient societies is not a new idea. The Classical 
Philosopher Plato recognized the signature of Bronze 
Age erosion inscribed on the Greek landscape. Time 
and again through history societies that abused their 
land left a legacy of degraded fields and impoverished 
descendants.

How we treat land determines how the land will treat 
us, and for how long. Archaeologists have long recog-
nized links between deforestation, soil loss and the de-
cline of past societies. But in researching Dirt I came to 
suspect agriculture was the real culprit in long-term soil 
loss. Here lay a fundamental conundrum: agricultural 
practices that fueled the rise, growth, and expansion of 
civilizations sowed the seeds of societal decline through 
long-term soil degradation and loss. 
Historians rightly maintain that every civilization has a 
unique story. But I came to suspect that the state of the 
land—the state of the soil—directly affects the health 
and resilience of societies. This is not to say that geog-
raphy is destiny, but that how cultural, economic, and 
social systems treat the land sets the stage upon which 
history plays out. 
As I became convinced that agriculture caused damag-
ing soil erosion time and again in the past I came to the 
conclusion that while tillage was useful in the short-run 
it was incredibly damaging over the long run. Leaving 
the soil bare for some part of the year makes it vulner-

able to erosion, whether by wind or rain, resulting in 
soil loss far faster than nature makes it. An agricultural 
civilization that degrades the soil will be transient—it 
cannot last if is destroys its own foundation. 
Needless to say, further loss of agricultural production 
due to soil degradation won’t help us feed the world lat-
er this century, when it is projected that we’ll have sev-
eral billion more mouths to feed. The estimated rate of 
world soil erosion now exceeds new soil production by 
as much as 23 billion tons per year, a pace that would 
add up to a significant fraction of the world’s agricultur-
al soil in less than a century. 
What is at stake if we don’t reverse the global trend? 
Consider that impoverished trouble spots like Syria, 
Libya and Iraq are among the societies living with an 
ancient legacy of degraded soil. With today’s globally 
interconnected society, it would be naïve to think that 
disruption of regional food supplies will not influence 
global security if we continue to lose productive agri-
cultural land.
Most of us don’t think much about the soil, let alone its 
health. But we should. Restoring soil fertility on a global 
scale is one of humanity’s best options for making prog-
ress on the daunting challenges of feeding everybody, 
weathering climate change, and conserving biodiversi-
ty. In short, we need to stop treating our soil like dirt.

A rich mix of history, archaeology and geology, Dirt traces the role of 
soil use and abuse in the history of Mesopotamia, Ancient Greece, the 
Roman Empire, China, European colonialism, Central America, and the 
American push westward. We see how soil has shaped us and we have 
shaped soil—as society after society has risen, prospered, and plowed 
through a natural endowment of fertile dirt.

By David Montgomery, Ph. D • Seattle, WA

David R. Montgomery is a MacArthur Fellow and 
professor of geomorphology at the University of 
Washington.
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THE FUTURE
Growing a Revolution: Bringing Our Soil Back to Life 

I like to think of Growing a Revolution as the optimis-
tic sequel to Dirt. Relating visits to farmers around 
the world at the heart of a brewing soil health revo-
lution, the book cuts through standard debates about 
conventional and organic farming. From Kansas to 
Ghana, on farms in both the industrialized and de-
veloping worlds I relate how improving soil health 
through minimizing soil disturbance, planting cover 
crops, and growing diverse crop rotations profitably 
rebuilt soil organic matter and soil fertility, and re-
duced dependence on fossil fuels and agrochemicals. 
Using less fossil fuel and agrochemicals while main-
taining crop yields helped farmers with their bottom 
line as regenerative practices allowed farms to use less 
water, generate less pollution, reduce carbon emis-
sions—and stash an impressive amount of carbon un-
derground, building soil organic matter. Combining 
ancient wisdom with modern science, these practices 
are good for farmers and the environment.

The story is not as simple as usually laid out in compet-
ing arguments over the merits and potential of organic 
versus conventional farming. It centers instead on cul-
tivating soil health through adopting farming practices 
that can rebuild the fertility of the world’s degraded ag-
ricultural soils. 
Farmers around the world long ago recognized the pow-
er of cover crops, legumes, and crop rotation to help 
maintain soil fertility. In many regions these practices 
became traditional for a simple reason. They worked 
to keep the land productive. Fast forward to today and 
we’ve known for a while about how microbial life that 
lives in the root nodules of legumes converts nitrogen 
from the atmosphere into fertilizer right where a plant 
needs it most. But only in recent years have we learned 
about how beneficial bacteria and fungi help plants ac-
quire nutrients and defeat pests and pathogens in ex-
change for access to nourishing, energy-rich exudates 

that roots secrete out into the soil. It turns out that soil 
fertility depends on soil life—on biology—as much as 
on the fundamental chemistry and physics that conven-
tional agriculture rests upon. 
While farmers in different regions used different prac-
tices, the combination of practices based on all three 
principles—no-till, cover crops, and diverse rota-
tions— proved transformational. Seen in this light, the 
potential for a soil health revolution rests on farming 
practices that cultivate beneficial soil life and help re-
duce the need for diesel and agrochemical inputs. On 
the farms I visited, restoring life, health, and fertility to 
agricultural soils showed the way to a more sustainable, 
resilient, and profitable agriculture that improves soil 
quality as a result of intensive agriculture. We can bring 
the world’s agricultural soils back to life if we bring life 
back to them.

By David Montgomery

Geologist David R. Montgomery travels the world, meeting farmers at 
the forefront of an agricultural movement to restore soil health. From 
Kansas to Ghana, he sees why adopting the three tenets of conserva-
tion agriculture is the solution to feeding the world, cooling the planet, 
reducing pollution, and returning profitability to family farms.
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REGENERATIVE AGRICULTURE IS A JOURNEY
Many Green Cover customers are working to mitigate 
the challenges and uncertainties of today’s agriculture 
by refocusing their efforts on the foundational build-
ing block of their operation: the soil. By focusing on 
the biological components of healthy soil, and not just 
the physical and chemical properties, we can bring the 
soil back to life and in so doing, bring productivity and 
profitability back to the farm!
Regenerative Agriculture is a term that is being more 
widely used by everyone from farmers to consumers to 
politicians, but what does it mean? In its simplest terms, 
it is a system of farming that applies the principles of 
soil health (see pages 8-14) to the practice of farming 
and ranching. Gabe Brown puts it well when he says 
“Regenerative Agriculture is an understanding. It is an 
understanding that one must work with nature instead 
of against her.”
We like what our friends at the Noble Research Institute 
have to say about the topic as well:

To us, regenerative agriculture is the process of restor-
ing degraded soils using practices based on ecological 
principles. Regenerative agriculture promotes:
• Building soil organic matter and biodiversity.
• Healthier and more productive soil that is drought- 

and flood-resilient.
• Decreased use of chemical inputs and subsequent 

pollution.
• Cleaner air and water.
• Enhanced wildlife habitat.
• Capturing carbon in the soil to combat climate change.
Regenerating the land is achievable, but there is no set 
formula. Regenerative agriculture is a journey, not a 
destination. It begins with an understanding that the 
soil, plants, animals and humans are all connected, 
meaning every decision must work with this natu-
ral system and not in spite of it. Regeneration is ad-
dressed by following principles that rebuild processes 
from the ground up rather than focusing on specific 
singular management practices.

The experts at the Noble Research Institute go on to list 
several fundamental precepts of Regenerative Agriculture.
Reduce Inputs
The regenerative movement was not born in a labora-
tory or by legislation, but rather by farmers and ranch-
ers who wanted to do things differently. Sixty years ago, 
agriculture was operating on cheap feed, cheap fertil-
izer, and cheap fuel, but prices eventually increased to 
the point where they became unsustainable for many 
operations. Born out of necessity and frustration, some 

farmers began to experiment with reduced input farm-
ing. Eliminating tillage reduced their fuel bill, and using 
the ageless practice of cover crops kept the ground cov-
ered and provided numerous benefits to the soil.

Know Your Farm or Ranch
When applying the principles of soil health, it is important 
to operate within your context. Know your environment 
and understand that no two farms or ranches are the same. 
The same could be said for ecological regions and major 
land resource areas. The practices (no-till, cover crops, 
etc.) are simply tools used to implement the principles.
Look for the Best Tools
Tools are needed to convert principles to practices. Cov-
er crops are an incredible tool and can be utilized to meet 
any or all of the soil health principles. Many producers 
have been utilizing mixed-species cover crops in crop-
land and pasture systems to increase diversity, increase 
organic matter, increase soil microbiological function, 
etc. However, simply planting cover crops is not one of 
the soil health principles but rather a tool to facilitate the 
producer’s ability to implement the soil health principles.
Soil Health Influences Water, Plants, Minerals, 
and Animals
The primary goal of regenerative agriculture should be 
to improve soil health, as the health of our landscapes 
and soil are inextricably interrelated. Our land’s condi-
tion is characterized by the functioning of both the soil 
and plant communities. Following these principles will 
allow production, soil health, and mineral and water cy-
cles to greatly improve, creating an opportunity to re-
generate the landscape.
Editor’s Note: We have worked with the Noble Research 
Institute for many years and love their mission to “deliver 
solutions to great agricultural challenges”. We believe that 
the people and resources from Noble are at the very top in 
agricultural research and land stewardship.
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CAN FOOD BE OUR MEDICINE?
Did you know that the 
health of plants, animals, 
ecosystems and humans is 
inextricably tied to plant 
phytochemical diversity? 
So, what are phytochemi-
cals? In short, they are com-
pounds naturally produced 
by plants that help the plants 

thrive in challenging conditions and fight off competitors, 
pest insects, and disease. When you bite into a juicy straw-
berry, enjoy vibrant-green lettuce, munch on a tomato, or 
chow down on a juicy steak, you consume much more than 
vitamins, minerals, protein, and fiber. You can also benefit 
from the incredible richness of phytochemicals.
Phytochemicals  —such as carotenoids, flavonoids, ellag-
ic acid, and allium compounds—have big impacts on 
our health. All of these phytonutrients contain power-
ful antioxidant and anti-inflammatory properties that 
are crucial to our health, well-being, and longevity. They 
are beneficial for immune health, which is particular-
ly important amid the COVID-19 pandemic. They also 
protect us against cancer and cardiovascular disease, de-
crease the risk of macular degeneration, detoxify our bod-
ies, decrease inflammation, and reduce the risk of tumors 
spreading throughout our bodies. There are tens of thou-
sands of these phytonutrients found in plants and in the 
products of animals that eat those plants.
So, what is going on? We all eat and yet we have significant 
health problems in the U.S. because of this simple fact: not 
all foods are created equal. Not all tomatoes are the same; 
not all beef is the same; and not all eggs are the same. The 
soil the plants grow in will determine the degree of phyto-
nutrient richness in the foods we eat. In modern agricul-
ture we have turned to an industrialized approach to food 
production, planting monoculture and near monoculture 
crops and pastures, degrading our soils, and destroying 
soil biology. 
Our good friend, Dr. Fred Provenza, has conducted decades 
of research into the phytochemical richness of plants and 
writes about it in his book Nourishment. Fred’s work teach-
es us that plants thrive when grown in diversity, with many 
plant species all growing within close proximity of each 
other, able to share nutrients and phytochemicals through 
the vast underground network of mycorrhizal fungi. How-
ever, things such as tillage, chemicals, synthetic fertilizers, 
fungicides and insecticides interrupt this process and great-
ly reduce plant phytochemical production and richness.

This shift away from phytochemically-rich plant and an-
imal foods to the highly processed foods so many peo-
ple eat today has enabled more than 2.1 billion people to 
become overweight and obese, resulting in a higher inci-
dence of diet-related disease like diabetes, heart disease, 
autoimmune disorders, and even various types of cancer. 

Evidence supports the hypothesis that the phytochemical 
richness of herbivore diets significantly enhances the phy-
tochemical and biochemical richness of the animal pro-
teins that we eat. Enhanced phytochemicals in the meat 
and eggs of livestock protects those products from pro-
tein oxidation and lipid peroxidation. These are the caus-
ative factors in systemic inflammation that is implicated 
in heart disease and cancers. In other words, animal pro-
teins from animals eating phytochemically rich diets do 
not lead to heart disease and cancer. They actually provide 
protection against those same diseases, just like the phyto-
chemically rich plants do. It is only when these same ani-
mals are fed high-grain rations and monoculture pastures 
that their protein becomes an issue for our health. 
That methane issue we hear so much about with rumi-
nant livestock? Plant phytochemical diversity stimulates 
microbes in the soil, such as methanotrophs, that digest 
that methane. This is how nature took care of methane 
from the hundreds of millions of wild ruminants that once 
roamed the face of the earth.
At Understanding Ag, we personally implement regener-
ative practices that create phytochemical diversity in our 
gardens, our crop fields and in our pastures. We restore 
our soils to their historical ecological context. We seques-
ter carbon and return it to the soil so it can nourish the soil 
microbes vital to providing our plants and livestock with 
nutrients. We recognize that our food is our medicine and 
invite you to share in phytochemically rich foods and en-
joy truly healthy meals.

By Allen R. Williams, Ph.D.

Understanding Ag, LLC

Understanding Ag is using regenerative agricul-
ture’s ecological principles to restore soil, profits, 
farms and futures. You can contact them at www.
understandingag.com.

Photo by Sara K
eough
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SOIL HEALTH PRINCIPLES WITH CONTEXT
The Importance of Connecting All the Dots

What would a world without context be like? Navigat-
ing a world without context is like trying to find your 
way out of a dark room. It’s disorienting, confusing, and 
problematic. Information is important, but knowledge 
is “information in context,” giving us a way to accurately 
and effectively connect all of the dots in any given situ-
ation. Context is everything that exists outside of a spe-
cific idea, thought, event or situation. Context includes 
the circumstances—the situational factors—that can 
help us form specific ideas, solve problems or recognize 
situations that may spiral out of control.

Unfortunately, most of us ignore context in our day-
to-day lives and management decisions. It is easier to 
maintain a sense of simplicity and order that way. It is 
easier to reduce our information and circumstances 
into smaller, singular events versus viewing our world 
in holistic, multi-dimensional, interconnected ways. We 
often ignore the bigger picture because by doing so we 
believe we can “solve” a problem quicker, move on and 
forget it ever happened. However, this kind of thinking 
stifles our thinking and blurs our perspective. 
In his book, Situations Matter: Understanding How 
Context Transforms Your World, Sam Sommers writes, 
“Context has a dramatic influence on how we think, how 
we act, who we are as people and how we impact our 
environment.” It is important for farmers, ranchers and 
all humans to recognize that our actions are influenced 
by our ecological, cultural, social and financial context.
Giving Soil Health Principles Context:
In the last two decades, soil health educators have taught 
five basic ecological soil health principles that are based 
on Biomimicry (to mimic life). All-natural, healthy soils 
function with five principles that: limit chemical, physical, 
and biological disturbance; keep the soil covered; add di-
versity of plants and insects; keep a living root in the soil 
as long as possible; and integrate animals into your sys-
tem (see Figure 1). These self-healing, self-organizing, and 
self-regulating principles enable ecosystem health and 
functioned long before humans were on earth.

As farmers/ranchers become more conscious, more ob-
servant of the ordinary, and more self-aware, the more 
critical “context” plays a role in understanding our re-
lationship to the natural system. From a human per-
spective, without the principle of context, the other five 
principles have no purpose. Humans are deeply intercon-
nected to the natural system—a relationship that cannot 
be separated. Yet our western mindset wants to isolate, 
delineate, and reduce our relationship with nature—ab-
sent of context. This axiom brings out this point more 
clearly: “The problem with ecologists—they separate the 
human from the natural system. The problem with econ-
omists—they separate the human from the ecology.” This 
thought process creates a world of confusion.
For this reason, the Soil Health Academy and Under-
standing Ag, LLC recently added “context” to the orig-
inal five soil health principles. The principle of context 
gives farmers, ranchers and agriculturists a framework 
to understand human nature and to be more situation-
ally aware overall. Context helps us understand our 
ecological, economic, community, and spiritual situa-
tions that may prevent us from healing our soils on our 
farms or ranches. While not intended to be definitive 
or exhaustive, the following list provides an overview 
of some of the ways you can consider context in your 
farming and ranching operations:
Ecological Context
• How much moisture do you have? Without mois-

ture, soil biology does not function, no matter how 
healthy your soil is.

• Nature uses the energy it needs and relies on freely 
available energy. Does your ranch or farm capture 
enough sunlight, or does it run on ancient sunlight 
(gas, diesel, etc.)?

Figure 1
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• Do the crops or animals fit and function to the lo-
cal environment? Example: Are you farming out of 
ecological context? Are you growing dryland corn 
in Western Kansas with very limited rainfall? Have 
you adapted your animals to your local environ-
ment? Can the type and shape of animal function in 
your local environment?

• Nature recycles all materials. Does your farm or 
ranch? Example: Take a waste product like grain 
spilling to feed hogs.

• Nature rewards cooperation. Is your farm or ranch 
functioning in cooperation like nature?

• Nature functions through diversity. Does your 
ranch or farm maximize diversity?

• Is your farm or ranch locally attuned and responsive 
to your area? What local vegetation or animals do 
well in your area?

• Nature builds using abundant resources, incorpo-
rating rare resources only sparingly. Nature is effi-
cient and does not waste energy or resources. Ev-
ery organism has purpose. Does your ranch or farm 
curb excesses within?

• Nature uses chemistry and materials that are safe 
for living beings. Does your farm or ranch?

• Nature is locally attuned and responsive. Is your 
farm locally attuned and responsive? Are you adap-
tive in your management?

• Does your ranch or farm run on information? Do 
you have a basic understanding of ecology? Do you 
observe and understand the patterns and principles 
of nature? DNA is information. Are you using the 
correct breed and type of animals in your operation?

Community Context
• What are the cultural and social norms for farming 

or ranching in your area?
• Is farming or ranching in nature’s image your goal 

or does the local community form your mindset 
and set your goal unconsciously for your operation?

• Are you socially conditioned by your local educa-
tion and experience?

• Did you learn a majority of what you know about 
farming and ranching from your family and friends?

 Economic Context
• Do you operate on borrowed money? To what ex-

tent do your creditors restrict or adversely affect 
your decision-making ability?

• Nature is resilient to acute disturbances. Is your 
ranch or farm resilient to ecological and economic 
disturbances?

• Nature provides mutual benefits. Does your ranch 
or farm have multiple streams of income? Do you 
provide just one product or service?

• Nature tends to optimize rather than maximize. Do 
you focus on yield or profit?

Spiritual Context
• What is your spiritual understanding about earthly 

stewardship?
• What is your “Why?”
• What is the spiritual mindset of your local community?
• What is your religious background and experience? 

What you believe impacts your context.
Summary
In life, context informs everything around us. Under-
standing how the world works and how people act 
comes down to context. A world without context is 
meaningless and lifeless. Context, on the other hand, 
provides design and purpose.
In short, context is critically important, and it comes 
into play in more areas of our lives than one might ini-
tially think. By paying more attention to context, we can 
better perceive the world around us, connect ALL of the 
dots, and make better decisions in our lives and in our 
farming and ranching operations. 

By Ray Archuleta • Seymour, MO

Ray Archuleta is one of our all-time favorite “soil 
guys”. He is a Certified Professional Soil Scientist 
with the Soil Science Society of America and has 
over 30 years experience as a Soil Conservation-
ist, Water Quality Specialist, and Conservation 
Agronomist with the Natural Resources Conser-

vation Service (NRCS). During his tenure with the NRCS, Ray served in 
New Mexico, Missouri, Oregon, and North Carolina. After his retire-
ment from the NRCS in 2017, Ray founded Understanding Ag, LLC, 
and Soil Health Academy, LLC, to teach Biomimicry strategies and 
Agroecology principles for improving soil function on a national scale. 
Ray also owns and operates a 150-acre farm near Seymour, Missouri, 
that he operates along with his wife and family. To learn more, please 
visit Ray’s website: www.understandingag.com.
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10 Keep the Soil Covered

KEEP THE SOIL COVERED
In my opinion, the most obvious soil health principle is 
to keep the ground covered. You can ask anyone in my 
family as they have had to hear the groans and moans, 
I let out when driving past a bare field. So, what makes 
field surface coverage so important? It is an all-in-one 
solution for soil health. Keeping a field covered meets 
several soil biology needs in one shot. We all know the 
basic needs of living organisms are food, water, and 
shelter. Canopy cover from growing plants and the res-
idues from previous plants provide many of these basic 
needs for soil bugs.

Plant residue provides food directly and indirectly for 
soil biology. Taking the leading role on the initial break-
down of residues, the soil’s arthropods, worms, bac-
teria, and fungi fill their plates with plant debris. The 
products or wastes they make breaking down the resi-
dues provides five-star cuisine for other soil life. While 
this process works opposite of building cover, it is a nec-
essary and beneficial portion of the cycle.

In arid climates, water is often discussed as the limit-
ing factor for crop production. In Ballantine, MT, my 
home, the average annual precipitation is 13 inches, 
and 45 percent of the yearly precipitation occurs in the 

months of April, May, and June. As temperatures climb 
in July and August, soil cover’s importance increases as 
it slows down and captures water drops from high-in-
tensity storms. It also aids in providing shade to the soil, 
significantly decreasing evaporation. Throughout the 
summer we spend a lot of family bonding time walking 
through crops of dryland wheat, corn, sunflowers, and 
cover crop. We have noticed we often leave the cover 
crop fields with wet boots. It seems that the leaves in 
the canopy often catch dew, which might be providing 
additional water for the crop.
Over the last few years, all the poking and prodding the 
soil with a thermometer we have done has shown a con-
siderable difference in the temperature of bare soils on a 
warm day compared to a soil with surface residues and/
or canopy cover. Clearly the lower temperature reduc-
es evaporation, but it also makes the soil more condu-
cive for soil life. Studies have shown that a bacteria will 
die at temperatures of at least 140°F but some may be 
affected at a lower temperature. In addition to provid-
ing the cooling system during the summer, residue also 
provides a roof to protect the bedrooms or aggregates 
of the soil.

We have seen that keeping the ground covered has 
many physical and biological benefits. Some of the ben-
efits have been reducing heat, storing more water in the 
soil, a better habitat for microbiology, providing food to 
the soil community, and protecting the soil from envi-
ronmental impacts. 

By Kate Vogel • North 40 Ag

Kate Vogel is the founder of North 40 Ag and is 
Green Cover’s cover crop partner for all of Mon-
tana. We appreciate all that Kate and the North 
40 crew does for the soil in Montana! More infor-
mation can be found at North40Ag.com.
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MINIMIZE SOIL DISTURBANCE
Can you really put a price tag 
on your soil? Consider this: 
the average ton of top soil costs 
$32.50 in my part of the world. 
A dime’s thickness of soil across 
1 acre is 5 tons. In my coun-
ty we average 8-10 tons of soil 
lost per acre every year. I sus-
pect that might even be on the 
low side. From October 2018 
to December 2019, we had well 

over 100 inches of rain. I watched as my neighbor’s soil 
washed down ditches, creeks, and rivers. This is the re-
sult of too much soil disturbance, whether physical or 
chemical. With 10 tons of soil in mind, that would cost 
$325 per acre of soil lost last year.

If you’re a conventional farmer, these numbers might 
scare you. But I have good news—we can dramatically 
reduce erosion with no-tilling and cover crops. As well 
as maintaining profitable crops, no-tilling alone can 
you save you upwards of $20 an acre per pass of tillage. 
Tillage mechanically destroys macropores and microp-
ores in the soil which greatly reduces water infiltration. 
On average tillage dependent soils can only infiltrate 
around a 0.5 inches of water per hour which results in 
excessive surface water, dramatic soil crusting, and the 
inability for soil to exchange adequate oxygen. 
Tilled bare soil also causes rapid desertification and the 
breakdown of the carbon cycle. Organic matter is 50-58% 
carbon, and through generations of tillage we have lost 
50-80% of our organic matter—that is a lot of carbon! 
Every 1% organic matter enables the soil to store an ad-
ditional 25,000 gallons of water per acre which pays big 
dividends in a dry year. This isn’t the 1930s—we can do 
better! On my farm for example, I am 100% zero till. Be-
ing a 26-year-old farmer who only farms 650 acres, I had 
to learn how to save money on expenses, and tillage was 
one of the most unattractive and expensive practices. 

I think most farmers understand the mechanical distur-
bance caused by tillage, but let’s not forget about chem-
ical disturbance. Soil is roughly 96% biological and 4% 
chemical, yet we treat our soil like a chemical dump. I’ve 
been on farms that are long time no-till and their soil 
still doesn’t function properly. All the chemicals and 
synthetic fertilizers have destroyed their soil structure. 
Too much phosphorus breaks down glomalin in a soil 
aggregate, and too many salts from synthetics on your 
soil has the same effect as pouring salt on a slug. I don’t 
want to even get started on NH3 for soil disturbance. 
All I can say is you wouldn’t let your kids do meth, why 
would you let your soil?

This year I was able to cut my N-P-K by over 70% on 
my farm and still maintain my crop yields. My pesticide 
cost on my farms this year was $18 per acre, and next 
year it will be even less. This reduction of chemical dis-
turbances will help my soil become healthier and more 
resilient over time. I was able to maintain and increase 
profitability while reducing inputs through the use of 
cover crops. Cover crops can help minimize physical 
and chemical disturbance, and weeds are suppressed 
when your soil is covered with a living plant or plant 
residue. Cover crops will decrease both the physical 
AND chemical disturbance of your soil! Minimizing 
soil disturbance should always be on a producer’s mind, 
as well as the other Principles of Soil Health.

By Macauley Kincaid

Mac is a 26-year-old regenerative farmer from 
Missouri. Mac farms 650 very diverse acres pro-
ducing Korean lespedeza, barley, oats, wheat, 
corn, milo, soybeans, and cattle.

Ph
ot

os
 b

y 
M

ac
au

le
y 

K
in

ca
id



12 Plant Diversity

PLANT DIVERSITY
Maximizing Nature’s Potential: Endless, Profitable,  

and Diverse Options in Regenerative Agriculture

God filled the Garden of Eden with multiple plants 
growing in the same space. Why would we not want to 
do the same? The potential is out there when we open 
our minds to all the diverse options.
Diversifying anything starts with diversity in the mind. 
The genesis of nature begins with diversity at its founda-
tion—small towns once prospered because the people and 
the economy were diverse. This environment ultimately 
unlocked the profitability of farms and ranches. Diversi-
ty in its many optimal forms is fruitful, and creates abun-
dance to share, sell, and enjoy. More plants and more crea-
tures will transform into more opportunities for people!
As in all genetic combinations, we must use species that 
compliment each other. When planning a multi-species 
cover crop mix, we should be seeking balance with a set 
of goals in mind. Ask yourself some questions. Where 
can this diversity lead our soil and ultimately our crops, 
as well as serve as a great source of nutrition for live-
stock and a host of other creatures?
Just as the native prairie once contained a multitude of 
species that complemented each other, the purpose of  
planting cover crop mixes should seek the same harmo-
nious outcome. For example, in our operation, we like 
to add oats to our fall/winter mix. We embrace the fact 
that the oats live and die. While those oats are growing, 
they are cleansing the soil. In death, they are providing 
nutrients for the growing plants through the winter. Ev-
ery operation will have diverse end goals: grazing, hay-
ing, weed suppression, etc.
I prefer to use mixes that accomplish as much as possi-
ble. Erosion control is great, but why not build your nu-
trient profile as well in the process? Build in efficiencies 
that are conservation-driven as well as make economic 

common sense. Why not use a mix that allows for graz-
ing potential even if you don’t own cows? 
The true star power of cover crops is all that incredi-
ble, untapped potential and opportunity. When we have 
a diverse foundation to choose from, we improve the 
health of the environment, the health of the food, our 
health, and the health of our pocketbooks. If we don’t 
have a diverse mindset, we won’t be able to head down 
all those paths of opportunity. That is why it’s so very 
important to open your mind before opening your wal-
let. Listen to nature and enhance what your farm is try-
ing to speak to you. 
Grazing covers is our number one profit center at Ficke 
Cattle Company but we also have other profit outlets. 
If we can’t graze it, we bale it, using the hay or selling 
it. Cover crops make the best hay! If we don’t graze or 
bale it, we can roll it or just plant into it. I enjoy thinking 
about the weed suppression, moisture retention, and nu-
trient credits obtained. I always tell people I like the way 
green cover crops equate into spendable green!
We are all in this diverse world together. We can work in 
tandem in our efforts or resist the diversity that makes 
up all of life. I like the African Proverb that states, “If 
you want to go fast, go alone. If you want to go far, go 
together.” Celebrate the diversity within yourself, your 
fellow human, and all the options right around you on 
your own farm and ranch. From your family, communi-
ty, and creatures upon the land to the diverse life above 
and below, there really is opportunity everywhere. A di-
verse mindset will make the most of all those blessings 
God intended for us in that original garden. 

 By Del Ficke • Ficke Cattle Company, 
Graze Master Genetics, Elevate Ag
Del Ficke is a 5th generation Regenerative producer near 
Pleasant Dale, NE. He grows and sells regenerative beef 
genetics and products through Ficke Cattle Company. Del 
is a world-renowned consultant and speaker on Regenera-
tive Agriculture and is the newest addition to the Elevate Ag 
team of experts and advisors.
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LIVING ROOTS
Are you ready to take your farm to a new level? Buck-
le up and hold on tight for the ride! Two simple words 
and a very simple concept can produce dramatic results 
on your farm, ranch, or garden: Living Roots. Through 
implementing this simple practice of keeping living 
roots in your soils at all times, you can be more profit-
able, more drought-resistant, increase your plant-avail-
able nutrients, have better planting and harvesting con-
ditions, begin healing and decreasing the problematic 
areas in your fields…the list goes on. Living roots might 
as well be dusted in gold. Almost sounds too good to be 
true, right? And yet, when we farm in sync with nature, 
the results are truly astounding. 

Have you ever noticed 
God’s design at work in 
your roadside ditch, your 
local woodlot, or on the 
prairie? It is not by accident 
that all of these ecosystems 
are teeming with life, nat-
urally self-sustaining with 
no outside inputs, and are 
full of a variety of live roots 
at all times. Compare this 
to the multitude of time, 
machinery cost, inputs, 
and “gold dust” that must 
go into every field planted 
according to conventional 

management. It is a fight to make row crops work with-
out living roots working for you. And I sometimes won-
der, what are we fighting against? Is there a different way 
to farm that is not such a fight against nature, but rather 
works alongside, in partnership, with God’s created de-
sign for our lands? 
When we partner with living roots, we essentially are 
off-loading much of our work to this life source now in 
our soils. Living roots complement many of our man-
agement strategies by taking on tasks we have tradition-
ally used machinery or technology to achieve. Take for 
instance the several tillage passes typically used to pre-
pare a seed bed. When we collaborate with living roots 
and plant those cover crops across our fields, the roots 
do the soil conditioning for us. As the roots mature and 
grow deeper in the soil profile, they aerate the soil and 
create an ideal seedbed of loose, granular, germina-
tion-ready soil that would challenge any set of tillage 
combinations. 

Or perhaps we should consider our water management. 
Living roots are the perfect multifaceted water manage-
ment solution—something we could not recreate on 
our own. They are the best of both worlds. The fibrous 
root hairs and deep taproots of cover crops act like cul-
verts and conduits, allowing for increased infiltration 
and improved drainage; conversely, they also make 
more water available during dry periods by keeping the 
soil cooler, shaded, and retaining that precious rainfall. 
What about all those inputs we’re accustomed to using? 
Keeping a live root in your soil will collaborate with the 
soil biology to unlock bound-up nutrients, providing 
more plant-available nutrients to your crops, and few-
er passes with synthetics for you. They also have the 
unique ability to scavenge nutrients like nitrogen that 
would otherwise be lost, making them readily available 
for next year’s crop. The above ground plant biomass 
off-loads our work too, as it shades the soil and sup-
presses many unwanted grasses and broadleaves (oth-
erwise known as weeds!), trimming down the need for 
herbicides. As this biomass generates life and habitat, 
it attracts beneficial pollinators, insects, and predators, 
which prey upon the undesirable pests – again reduc-
ing our need for sprays while working in harmony with 
God’s design, instead of fighting it.

So why not try to incorporate more live roots on your 
farm, ranch, or garden? They provide numerous bene-
fits—from reducing soil erosion, to feeding our under-
ground herd (soil microbiology), to increasing water in-
filtration rates, to preparing a healthy seedbed, all while 
reducing our costs and inputs. As we seek to heal our 
soils, living roots really are covered in gold. 

By Lance Klessig

Lance is a Resource Specialist with Winona 
SWCD, operates Heart & Soil Ridge with his fami-
ly in Dakota, MN, and shares his passion for learn-
ing & soil health via YouTube.
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14 Livestock

LIVESTOCK
Animals have long played a collaborative role with 
plants and biology to develop our soils over time. 
Livestock’s impact on soil health is the cumulative 
effect of plant biting, saliva, urination, defecation, 
trampling, and all the other ways that grazing ani-
mals impact plants and soil. Using livestock manure 
to fertilize fields can substantially increase the soil’s 
organic matter with improved water-holding capac-
ity. Integrating livestock back onto farms is often 
either overlooked as an option or undervalued as a 
tool. Grazing management can help increase ecolog-
ical function while also providing positive economic 
returns. Soil health, biological activity, moisture effi-
ciency, and nutrient retention can all be dramatically 
increased through proper integration of livestock and 
the grazing of cover crops.
Livestock integration is not as easy as buying some cows 
and building some fence —it is more like managing or 
leading a team. The team we are managing is not just 
the livestock itself but rather the complete ecosystem. 
Subtle changes in management can have long-term 
cascading effects on this diverse environment—either 
good or bad. Just as the best sports teams are made up 
of diverse players that fulfill all the needed roles, the 
best livestock operations have diverse “players” that all 
contribute to a balanced and diverse ecosystem that is 
both productive and profitable. 
Team members need to be rewarded and cared for, 
and when the livestock are content, the ecosystem will 
thrive. Diverse forages will be allowed to grow to their 
full potential, microbes in the soil will be fed and begin 
to increase productivity (fertility) which benefits the 
livestock even more year after year. This upward-spiral-
ing circle of life will lead to compounding and cascad-
ing benefits all the way from the soil bank to the river 
bank to the actual bank!
How do we achieve a functioning, well balanced and 
productive livestock team? It does not happen by 
accident—we must manage our livestock. This be-
gins with creating a system that allows livestock to 
be content as much of the year as possible. When 
we meet the needs of our livestock, they will grow 
efficiently and reproduce effectively. Discontented 
livestock are not efficient (overgraze some areas, un-
der-graze others), are difficult to keep in the fences, 
and lead to an imbalanced and dysfunctional eco-
system. In other words, properly managed livestock 
can be a huge boost to soil and ecosystem health, but 

mismanaged livestock can cause significant damage 
to the system.
As the leader of your livestock team, it is your role to 
manage in a way that is flexible and adaptable to keep 
the animals content. Letting them have free reign graz-
ing on large areas may keep them satisfied for a short pe-
riod of time but lead to discontentment and lower pro-
duction when the good plants get overgrazed. Adaptive 
Multi-Paddock Grazing (AMP) is a management sys-
tem that allows for flexibility in grazing based on weath-
er and field conditions, rather than locking in rigid pat-
terns that never change. High intensity grazing for short 
periods of time on multiple paddocks can support more 
animals, have more efficient forage utilization, increase 
habitat for wildlife, and improve the overall health of 
the soil over traditional grazing systems. Research has 
also shown that AMP grazing lowers soil temperatures, 
increases soil aggregate stability, and sequesters higher 
amounts of soil carbon than other methods of grazing 
and really has an advantage over non-grazing systems. 
Adaptive grazing also means being adaptive to the peo-
ple, as you have to keep the humans (including your-
self) happy too! You don’t have to move cattle everyday; 
it could be every other day, or once a week—find what 
works best for you and what works best for the land.
Recruit the best team possible, use the right tools and 
strategies, and you will have a winning livestock team. 
Good luck, Coach!

By Brett Peshek • Mountain View, OK

Brett Peshek has been with Green Cover for six 
years and is currently the sales lead for Oklaho-
ma and Texas. In addition to learning all he can 
about cover crops and soil health, he runs a small 
but efficient herd of Red Angus cattle at his farm 
in Oklahoma.
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16 Cover Crop Economics

COVER CROP ECONOMICS
This article is an excerpt from a Sustainable Agriculture 
Research & Education (SARE) technical bulletin which 
can be downloaded in its entirety at www.sare.org. 

When it comes to making the 
big decisions about managing 
a farm, whether it’s to grow a 
new crop, buy an expensive 
piece of equipment or up-
grade infrastructure, farmers 
are business people first. If the 

idea doesn’t work out on paper, either by cutting costs 
or raising revenue, then it likely won’t happen.

With the decision to adopt cover crops, the economic 
picture can admittedly be hard to decipher at first. This 
is because a simple, one-year budget analysis of cover 
crops, one that just compares the cost of seed and seed-
ing to the impact on the next crop yield, may indeed 
show a loss. Yet most farmers who have long-term ex-
perience with cover crops and who carefully keep their 
books have discovered that cover crops do in fact pay. 
These farmers usually look at cover crops from the 
broad, holistic standpoint of how they will improve the 
efficiency and resiliency of the entire farm over time.
Three key takeaways on cover crop eco nomics have be-
come clear:
1. Farmers who are most satis fied with their return on 

investment take a holistic look at how they manage 
their overall cropping system and often make a suite 
of changes that improve over all efficiency, rather than 
alter just one practice (such as planting a cover crop).

2. In most cases, farmers need to use a multi-year 
timeline to evaluate the return from cover crops, 
much as they would for applying lime or buying 
equipment. While an economic return can come 
relatively quickly, the maximum return will build 
over several years as the soil improves and as the 
farmer gains experience incorporat ing cover crops 
into their overall system.

3. One of the most-often-cited economic benefits of 
cover crops is their impact on the resiliency of the 

cropping system. Farmers are finding that by help-
ing to minimize drought-related yield losses or 
sometimes allow ing earlier planting in a wet spring, 
cover crops serve as a type of crop insurance which 
will pay off big in some years, but not every year.

Cover crops can pay their way more quickly when:
1. Herbicide-resistant weeds are a problem
While no single crop management strat egy can com-
pletely control herbicide-resistant weeds, cover crops 
are proving to be an effective tool in farm ers’ toolboxes. 
For example, when asked if cereal rye was helping with 
herbicide-resistant weed con trol, 25% of the farmers in 
the SARE/CTIC survey said it always helped and 44% 
said it sometimes helped. Some farmers were able to get 
by with just one applica tion of post-emergence herbi-
cide instead of two and were able to use less-ex pensive 
residual chemistry when they added cover crops to 
their weed con trol strategy. This potential savings in 
herbicide costs will not necessarily pay for the full cost 
of cover crop seeding, but when combined with possi-
ble yield advantages and avoid ing yield losses at har-
vest, it may provide a positive return in the first year 
or two of cover crop use. More specifically, using cereal 
rye biomass to get by with one less pass of post-emer-
gence spray, along with lower-cost residual herbi cides, 
can lead to savings of $35 per acre or more when an her-
bicide-resistant weed infestation is severe.

2. Cover crops are grazed
Grazing cover crops is one of the best ways to provide 
a positive first-year return and depends on the amount 
of cover crop growth, the length of the grazing period 
and the costs for fencing and a water supply. ROI is op-
timized by using intensive grazing management tech-
niques with low-cost, portable electric fencing and reg-

Herbicide-resistant pigweeds out of control in a bean field. Well-managed cover 
crops can help control and suppress many of these weeds.
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ular moves of livestock between paddocks. This utilizes 
cover crop forage more efficiently and reduces potential 
hoof damage to crop fields. In established no-till fields 
with good cover crop stands, soil structure combined 
with the root anchoring ability of the covers helps min-
imize any potential issues from the cattle grazing. Inte-
grating livestock with cover crops can be a major plus 
for long-term soil health. The urine, manure and saliva 
from grazing animals has been found to stimulate soil 
biology and is the fastest way to build soil organic mat-
ter and soil biology.
3. Soil compaction is an issue
Farmers facing compacted soils may feel compelled to 
spend $15/acre or more to do deep sub soiling, which 
only gives temporary benefits as high-clay subsoils swell 
back together and new compaction occurs. Deep-root-
ed cover crops like cereal rye and radishes can provide a 
less costly and longer-lasting solution. A four-year study 
on compaction at Ohio State University showed that 
soils compacted with a 20-ton grain cart yielded better 
when soybeans were grown after cover crops compared 
to using annual subsoiling. In the same study, corn after 
cover crops yielded just as well as after subsoil ing, with 
the notable exception of the 2012 drought year, when 
the cover crop plots yielded better than subsoiling. Im-
proved soil organic matter from cover crops helps to 
build soil aggregates, which provide more struc ture and 
strength to the soil so that com paction is prevented in 
the first place (see article on page 34).

4.  Cover crops are used to speed up and ease 
the transition to no-till

By using a cover crop before starting no-till, it may be 
possible to avoid taking the typical yield penalty that 
a no-till transition may otherwise incur. Macropores 
from cover crop roots along with increased earthworm 
activity, will help improve initial aeration and reduce 
crusting and compaction. The stimulated soil biolo-

gy from the liv ing cover crop roots can also speed the 
growth of mycorrhizal fungi, allowing fun gal hyphae 
to form, which provide more nutrients and potentially 
more moisture to the cash crop roots.
5.  Soil moisture is at a deficit or irrigation  

is needed
One of the most dramatic examples of cover crop ben-
efits occurred during the severe drought of 2012. A 
pattern began to emerge when yields fol lowing cov-
er crops were doing better than those in conventional 
fields. The National Cover Crop Survey reported an 
average yield increase of 9.6% in corn that followed 
a cover crop and an increase of 11.6% in soybeans. 
Even more remarkable, in the seven states hit hard-
est by the drought, yield increases were even larger: 
11% for corn and 14.3% for soybeans. Increased in-
filtration, reduced evaporation, cooler soil tempera-
ture and better biological activity pays big dividends 
during a drought!
6.  Fertilizer costs are high or manure nutrients 

need to be sequestered
New developments in understanding soil health and 
soil-nutrient cycling are leading to a recognition that 
cover crops can do more than just fix nitrogen. They 
can also play an im portant role in sequestering nutri-
ents from manure or nutrients that are left at the end 
of a cash crop season. This sequestration can prevent 
those nutrients from being lost from the root zone. Ni-
trogen sequestration is particularly important, given 
its mobility in the soil and the chance of both nitrogen 
leaching and denitrification. Cover crops stimulate soil 
biology and enhance the growth of mycorrhizal fungi 
which contribute nutrients to plant roots in exchange 
for carbohydrate exudates from the roots. Cash crops 
may also root more deeply following a deep-rooted 
cover crop, and earthworms create nutrient-rich tun-
nels that roots can access.
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INTERSEEDING
Since many farmers struggle to incorporate diversity 
into their crop rotation, some are looking to add diver-
sity by growing cover crops within their cash crop. Be-
fore pre-emergence herbicides, it was common to seed 
cowpeas, clovers, or other crops in between rows of 
corn to gain an additional crop in the season at “layby” 
time. Modern experimentation with this interseeding 
concept has been going on for the last several years, but 
this technique is still in its infancy and successful inter-
seeding has a number of challenges to overcome.
Stand Establishment
No crop can ever be better than the initial stand that 
is achieved. For interseeding into growing corn fields, 
getting good seed-to-soil contact through drilling 
always outperforms broadcasting.. Companies like 
Hiniker, Dawn, and Interseeder Technologies have de-
veloped equipment just for this purpose.
Lack of Sunlight
Interseeded companions always struggle to get enough 
sunlight. Best results have occurred when covers are in-
terseeded at V3-V6 and a stand gets established before 
the corn canopies. Once a plant is established it can sur-
vive better in partial shade. Corn varieties with more 
upright leaf structure can also help. This practice tends 
to work better as you move north where the summer 
days are longer (more hours of sunlight) and the ma-
turity of the corn tends to be shorter. Some innovators 
are also experimenting with wider row corn while not 
sacrificing plant population. 
Herbicides and Weed Control
If planting a diverse mix of covers (grasses and broad-
leaf), most post-applied herbicides will not work with-
out hurting the companion crop. Penn State research 
shows that some pre-plant applied short residual her-
bicides like Resolve, Prowl, Sharpen, and Verdict may 
work with companion interseeding. Do not try inter-
seeding in fields where you know you have difficult 
weed issues that will require post-applied herbicides.
Crop Insurance
Because intercropping into growing corn is a relatively 
new practice, there are some gray areas of interpreta-
tion when it comes to crop insurance. The guidelines 
can vary from zone to zone so it is always best to check 
with your crop insurance agent. The bottom line is that 
insurance will not cover loss of production resulting 
from cover crop interference with the agronomic man-
agement and harvest of the main crop. With interseed-
ing into corn that is at V4 or later maturity, we are not 

aware of any studies that show the companion is a threat 
to the cash crop. 
The methods employed by producers to achieve suc-
cessful interseeding are as varied as the producers 
themselves. If you are interested, we encourage you to 
experiment on a small scale, but proceed with caution 
and check with your crop insurance agent to maintain 
compliance. For a great online resource on this topic, go 
to www.interseedingcovers.com.

Left: Jeremy Wilson seeded this 14-way blend into V6 corn in Jamestown, ND, 
using a modified Yetter dry fertilizer coulter. Great stand establishment, excellent 
growth, and lots of diversity. Picture was taken when corn was fully tasseled. Cost 
of seed mix was around $12 per acre as rates were calculated for intercropping.

Right: Ken Seims and sons of Chapman, NE, planted this blend of ryegrass, red clo-
ver, and radish into irrigatead corn at V6 with a Hiniker cover crop seeding system. 
Good stand but growth is being suppressed by lack of sunlight, but wait till harvest 
and watch it take off!
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Above: Lowell King of Fruita, CO, is using his Interseeder drill to place three rows of 
companions between each row of V4 corn. 

Below: Here is what the companions look like late in the season—and this is espe-
cially impressive as this is a gravity irrigated field!
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 RELAY CROPPING
 featuring Jason Mauck

Fact: Every two minutes, the energy reaching the earth 
from the sun is equivalent to the whole annual energy 
use of humanity. All the energy—electricity, fossil fuels, 
cars, lighting, and air conditioning of the world—in one 
year is equivalent to two minutes of solar energy.
Living out the mantra of “Waste Not, Want Not”, Jason 
Mauck, a regenerative farmer in eastern Indiana, has 
become fascinated with maximizing the capture of sun-
shine and how that energy can be used to build soil. Re-
lay cropping is one innovative way to do that for Jason. 
Relay cropping is essentially a special version of double 
cropping, where the second crop is planted into the first 
crop before harvest, rather than waiting until after har-
vest as in true double-cropping.
Wheat & Soybean Relay Cropping.
Mauck’s system is a corn-wheat-soybean rotation which 
gives him three crops in two years. It all starts with 
planting a shorter season corn to allow earlier planting 
of the wheat, which is planted in quad rows, 19 inch-
es wide, on 60-inch centers. This leaves a 41-inch space 
for twin row soybeans to be relay planted in the spring 
shortly after the wheat is jointed. Since Mauck typically 
utilizes hog manure application just prior to planting 
wheat, he likes to add radishes to the wheat planting 
which help to capture sunlight and cycle nutrients, but 
will reliably winter kill. Never one to be happy with the 
status quo, Jason is experimenting with applying am-
monium-charged biochar directly with the wheat seed.
Relay planted soybeans can be planted 3-4 weeks earli-
er than mono cropped beans as the “blanket effect” of 
being planted 10 inches away from the growing wheat 
will insulate it. After the wheat is harvested, the soy-
beans show explosive growth from the flush of sunlight 
and quickly canopy over the wheat stubble. The combi-
nation of canopy and wheat stubble mulch suppresses 
weeds very effectively.

Mauck’s Principles of Relay Cropping
Growing three crops in two years is not for the faint of 
heart and requires high level management. Here are 
some of Mauck’s Principles of Relay Cropping:
• The solar corridor is king on intercropping, so planting 

in wide rows is important. Wide row wheat will form a 
half circle, with the outsides being shorter and jetting 
out, and the middle binge taller and growing straight 
up. This allows the crop to capture more sunlight.

• Planting in twin rows is important, because the 
plants are too close together in single rows and will 
block the solar angles too much.

• Fast canopy closure reduces herbicide applications 
because thin crops allow weeds to establish. Vigor-
ous stands of wheat and beans in their respective 
areas make an effective canopy system.

• Relay cropped soybeans can be planted at lower 
populations because the plants have more room to 
grow in the wider rows. 80+ bushel per acre beans 
can be achieved from 100,000 plants per acre.

• Economics drives it all and profit is more important 
than yield. Three crops in two years. Lower seeding 
rates. Less herbicides. Less fertilizer. It all adds up to 
more profit!

• Focus on the soybeans. Because soybeans are much 
more valuable than wheat, the system should fo-
cus on maximizing soybean yields and utilizing the 
wheat crop to help the beans as much as possible. 80 
bushel relay planted beans and 40 bushel wheat is 
far better than 80 bushel wheat and 40 bushel beans 
double cropped after wheat harvest.

While we may not all have the environment or the resourc-
es needed to pull off the level of cropping complexity that 
Jason is pursuing, we can all learn from him. We all can 
tweak our systems to try and capture more solar energy to 
build soil and grow more plants—whether it be cash crops 
or cover crops. After all, sunlight is a terrible thing to waste!
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You can keep up with all the 
cool things that Jason is doing 
by visiting his website,  
www.constantcanopy.com  
or following him on Twitter  
@JasonMauck1.

By Jakin Berns

Jakin Berns has performed about every job imag-
inable at Green Cover Seed and still brags about 
how fast he can bag seed.  Jakin loves to learn 
new things and to help people regenerate God’s 
creation.
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60” CORN—DOES IT WORK?
Growing corn in extra-wide rows is not a new con-
cept, but it seems to be getting some recent attention 
among those interested in soil health. The purpose of 
the extra-wide rows is to allow more sunlight through 
to a growing cover crop, thus boosting cover crop 
production to increase nutrient cycling, fix nitrogen, 
and produce extra biomass for grazing after the corn 
is harvested. 
Jerry Lahners of Hebron, Nebraska, is an organic farm-
er and constant learner who has been deeply focused on 
soil health for the past 12 years. Jerry set up a portion 
of one field to have 6 test plots where he could evaluate 
not only row width but also the effect of interseeding 
and using HyprGrow compost extract from Elevate Ag.

Plot # Plot Description (each strip 40’ x200’)

1 30” field corn with HyprGrow compost tea and interseeding

2 30” field corn with HyprGrow compost tea

3 30” field corn control

4 60” field corn with HyprGrow compost tea and interseeding

5 60” field corn HyprGrow compost tea

6 60” field corn control

Preceding all of his corn acres (not just these plots) was 
a thick stand of hairy vetch (50# per acre planted the 
previous September 8th) which Jerry relies on to pro-
duce all of his nitrogen for his corn. By late May, there 
is usually over 200 lbs. of N in the vetch biomass, and 
while not all of this nitrogen becomes available to the 
corn crop, fractions of previous year’s vetch produced 
nitrogen become available too.

This year Jerry terminated the vetch and planted the 
corn in the same pass on June 8th. Roller crimping 
vetch is usually very effective, but this year some of 
the vetch hung on. “I was pretty nervous for awhile 
and people driving by probably thought it was a disas-

ter,” Lahners said. “But I went out there everyday for 
the first 30 days and measured the corn plants with my 
tape measure. The vetch didn’t affect the corn a bit and I 
figured it was probably still producing nitrogen since it 
was still blooming. I knew once it got hot and once the 
corn started to canopy that the vetch would fizzle out 
the rest of the way.” 

To apply the HyprGrow compost extract, Jerry added 
tanks to his planter and applied the following mixture 
in-furrow: two gallons of HyprGrow and one gallon 
of molasses, diluted with five gallons of water. Jerry 
thought the HyprGrow made a big difference and plans 
to continue to use the product in the future.
The interseeding mix that Jerry tried on plots 1 and 4 
did not make as big of a difference. The mix included 
spring lentils, crimson clover, common vetch, cereal 
rye, annual ryegrass, turnips, collards, buckwheat, and 
flax. The cover crop stand was very minimal on both the 
30” and 60” rows. Jerry thinks he either planted the seed 
too deep or the hairy vetch residue was too thick to get 
decent emergence. While Jerry was disappointed that 
he was not able to see a lush warm season cover crop 
growing in between his corn rows, he was still happy 
with the season long weed control he got from the hairy 
vetch residue.
The fact that Jerry’s fall-planted vetch cover crop was so 
thick that it may have prevented the interseeding mix 
from growing also indicates something about his weed 
prevention. Notice in the previous pictures how clean 

Jerry Lahners minimizes trips across the field and maximizes soil biology with a 
front mounted roller crimper and rear mounted planter.
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the field is. All that’s there is a uniform corn crop and 
the last of the vetch that’s dying off. Remember, no pes-
ticides have been applied here for years! The goal with 
cover crops is to treat resource concerns. Producing 
ground cover or fixing nitrogen are common goals for a 
cover crop, but in this field, the hairy vetch had already 
accomplished those objectives. 

Jerry saw a significant yield bump (5% in 30” rows and 
16% in 60” rows) where he used the HyprGrow compost 
extract but the interseeding really did not make a statis-
tical difference. Another obvious takeaway was the yield 
reduction in the 60” rows versus the 30” rows, but Jerry 
isn’t finished experimenting with the 60” rows. “With the 
setup I had this year, I wasn’t able to double the planting 
rate in my 60” rows. The 30” rows were planted at 35,000 
plant population but the 60” was only 30,000 plants per 
acre.” (60,000 was the maximum rate for his planter but 
he had half the planting boxes) Next year he plans to 
plant the 60” rows differently to achieve the same pop-
ulation as 30” row which is his goal. He will do this by 
planting at 35,000 on 60” rows, then using his GPS will 
slide over 3-4” and plant again to have double planted 
rows—twin rows of corn on 60-inch centers.

Plot # Plot Description (each strip 40’ x200’) Bushels/acre  
(adjusted for moisture)

1 30” field corn with HyprGrow compost tea 
and interseeding

244

2 30” field corn with HyprGrow compost tea 247

3 30” field corn control 235

4 60” field corn with HyprGrow compost tea 
and interseeding

205

5 60” field corn HyprGrow compost tea 205

6 60” field corn control 176

Another thing he plans to do differently next year is ae-
rial seed his fall cover crop in September. Jerry tried ae-
rial seeding rye on the ends of these plot strips this past 
September 24th. The establishment was very successful, 
and in the 60” rows the rye was 11” tall a month lat-
er. Running the pivot to water in the seed is the key to 
making this work. 

Jerry still came back after harvest to drill hairy vetch on 
this field since he is planning to have a popcorn crop 
before he does a full year of grazing cover crops the fol-
lowing year. As of now, he does not plan to do any in-
terseeding before aerial seeding in September but if he 
does, he is interested in drilling a mix three days after 
corn planting so he doesn’t have to worry about dam-
aging the corn rows (which was a concern for him this 
year, interseeding at V4 with no GPS). 

Jerry will continue to try new things each year, as long 
as they abide by the soil health principles and don’t in-
volve more trips across the field. Minimizing field pass-
es is beneficial for many reasons but for Jerry the biggest 
reason is to not disrupt the microbes in the soil: “Those 
guys will do a tremendous amount of work for me, for 
free, if I can figure out how to nurture them instead of 
hurting them by going across the field.” While Jerry may 
not have discovered all the answers yet, we think he is 
asking the right questions and headed down the right 
path to both profitability and protecting his resources.

Capturing the final picture of the season, Jerry admires his winter-ready cover crop.

By Davis Behle 

Davis Behle just completed his first year as a 
salesman and consultant with Green Cover. He 
loves to help customers find the right cover crop 
solutions for their soil health needs.



22

THE ULTIMATE WEED AND FEED 
Farmers face many struggles in trying to produce a crop 
and a profit. Probably the biggest challenge for most 
farmers is providing adequate and timely moisture to 
their crops. A second challenge is providing adequate 
nitrogen fertility for their crops. For most of us this 
is quite easy—one just buys and applies fertilizer. The 
problem is that fertilizer isn’t cheap and too much of 
a “good thing” can disrupt natural biological processes 
in the soil. Another challenge faced by farmers is weed 
competition. Traditionally, farmers have fought weeds 
with one of two options: tillage or herbicides. Tillage has 
the drawback of soil degradation, erosion, and moisture 
loss. Herbicides are expensive and are, of course, not an 
option for organic farmers. But what if there was a way 
to economically provide more moisture, nitrogen fertil-
ity, and weed control, all without having to use tillage or 
needing to buy herbicides or fertilizers?
Providence Farms of Bladen, NE, experimented in 2020 
with a practice new to them, planting various crops 
into a mixture of rye and vetch that was roller crimped 
down at planting. The cover crop was planted the previ-
ous year in late summer and allowed to grow until early 
June 2020. The roller-crimping process was done with 
Dawn ZRX units attached to the front of the planter, so 
it did not require an additional trip through the field.

While the spring of 2020 was cold and slow, the cover 
crop really started growing in May. By the first of June, 
the residue had significant biomass and nitrogen from 
the hairy vetch. Ward Lab’s analysis on multiple samples 
indicated biomass of 4 tons per acre with 180 pounds 
of nitrogen. While not all of this nitrogen would be 
available to the first crop (as a general rule, about half 
of the nitrogen in a legume cover crop is available to 
the following crop, with the remainder becoming avail-
able in later years) it does indicate that there are very 

large potential savings in nitrogen fertilizer from this 
method. One of the crops grown was popcorn, and the 
leaves were green right to the very bottom leaf, indi-
cating nitrogen was not deficient. The mulch was thick 
enough that it formed complete soil protection, and 
thick enough to suppress weed seedlings from reaching 
sunlight. 

Brian Berns of Providence Farms speaks of his experi-
ence. He cautions that this is just one year of experience, 
but he can share what he has seen in the first year of 
roller crimping a rye-vetch combination: 

We got a good kill on the cover crop by crimping 
alone, but it wasn’t 100% kill. Maybe we don’t need 
100% kill to get a good crop, I don’t know. Maybe a 
crop can grow just fine if the cover is mostly killed. It 
seems like a combination of rye and vetch is harder to 
kill than a monoculture of either one. It also appears 
that the heavier the biomass of the cover, the heavi-
er the implement has to be to get a good crimp. That 
is basic common sense, but something a lot of people 
don’t take into account until it becomes obvious it isn’t 
enough. When we mounted the crimpers on the plant-
er, we realized that we had to have enough weight 
to get a good crimp, plus enough weight to force the 
opener disks into the ground, and most planters sim-
ply don’t have that.

The Ultimate Weed and Feed

Fall planted hairy vetch and cereal rye with more than 4 tons per acre biomass and 
and 180 pounds of Nitrogen.
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Rolling hairy vetch and rye with Dawn ZRX rollers while planting popcorn all in 
one pass.
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As far as weed control, it was very good as long as the 
mulch remained in place and intact, as was the case 
with the popcorn. On some of the acres, we planted 
sunflowers on 30-inch rows while roller crimping the 
cover crop and then drilled a companion crop with 
our airseeder. While we think that this helped with 
the crimping termination (everything got hit twice), 
we cut the residue into smaller pieces and right after 
we had really strong winds that blew the residue away 
in spots. Each of these bare areas grew up to weeds. 
Any place we had residue that stayed in place, the 
weed control was very good. Most plots had a residual 
herbicide applied at planting, some did not. The weed 
control with the combination of mulch and herbicide 
was excellent; where we had only mulch there were 
some breaks, especially where we disturbed the resi-
due. We did not depend on the roller crimping in all 
areas for a complete control of the cover as we tried 
different combinations of rolling, then spraying with 
Liberty, and also spraying the standing crop and then 
rolling. We didn’t see a big difference in kill of the cov-
er between the methods, or in the performance of the 
following crop.

As far as nitrogen, I don’t think we had enough for a 
250 bushel crop of field corn, but there was a definite 
nitrogen contribution. This was our first time growing 
popcorn so it is hard to compare. I would also caution 
that this was a pivot irrigated field and we were able 
to water most of the season, although because of the 
height of the Russian Mammoth sunflowers we grew 
we couldn’t irrigate late. I am sure that cost us some 
yield, but the mulch also probably helped us hold onto 
moisture longer. Being able to irrigate early helped 
to replenish moisture used by the cover crop before 
planting. Without that, this may not have turned out 
as well as it did since we had very dry conditions af-
terwards and never did get a replenishing rain.

Overall, the results were very encouraging, and it match-
es up with much of the feedback we get from customers 
trying similar things.
So in summary, if you want to try a weed and feed ex-
periment yourself, here are things to consider:
1. If possible, plant the cover crop 6 weeks before a 

hard frost the previous fall. This will maximize fall 
growth and give you the fastest spring growth pos-
sible. Later plantings in the fall will lead to later 
crimping in the spring.

2. Crimp at the proper time (when plants are in the 
early reproductive stage) and with enough down 
pressure to be effective.

3. Try not to cut or mow the residue into small pieces 
or it can blow away.

4. If you are not organic, have a Plan B ready for possi-
ble chemical assistance in termination.

5. Test your biomass before termination to have an 
idea of the N contribution you can expect and then 
manage appropriately around that.

6. Start small but learn big. You can learn a lot on 20 
acres while limiting your risk if things don’t go right 
on the experiment!

If this technique intrigues you, we have a video up on 
our YouTube channel called “The Ultimate Weed & 
Feed” that goes into much more detail on the benefits 
and challenges of this practice.

The Ultimate Weed and Feed
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To learn more about the Dawn ZRX roller used by Providence 
Farms, visit www.dawnequipment.com/Dawn_ZRX.html
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CATTLE AS THE CASH CROP
One of the toughest places to farm in the United States 
is the western High Plains, a region of low rainfall (12-
16 inches) annually coupled with high summer tem-
peratures and moisture-sapping strong winds. Dryland 
farming in this area has always been marginal and risky 
but was particularly so in the early years of settlement. 
Pioneers moving west and immigrants from Europe 
tried to farm as they did “back home” with typically di-
sastrous results. 
The first technique used was that of fallow, a peri-
od where nothing grows and tillage is used to prevent 
weeds from using moisture in anticipation of a better 
crop the second year. This was initially somewhat suc-
cessful, but soon the extensive tillage lowered the soil 
organic matter, destroyed its structure, and contribut-
ed to the Dust Bowl during the terrible droughts of the 
1930s. Soon after, Charles Noble from Alberta, Canada, 
visited the region and created a tool that killed weeds by 
cutting them below the soil surface rather than flipping 
the soil over and baring it to sun and rain. This tool, 
which is still used today, was called a Noble blade, un-
dercutter, or V-blade. This tillage method left the crop 
stubble on top of the ground, which helped stop wind 
erosion and retained more moisture in the soil, but soil 
structure and infiltration rates were still decreased. 

A few decades later, the development of herbicides like 
paraquat and glyphosate allowed farmers to skip tillage 
altogether and leave the residue completely untouched, 
leading to no-till “chem fallow” farming which did 
store more moisture than tilled fallow and greatly stabi-
lized crop yields. However, in recent years, weeds such 
as Palmer amaranth and kochia have become resistant 
to multiple herbicides and made it necessary to apply 
multiple herbicides to control weeds without tillage. 
One university extension field in the area showed fal-
low weed control costs of $80 an acre! To put this into 

perspective, a 30 bushel wheat crop at $5 a bushel would 
require more than half the value just to cover the cost of 
the fallow weed control, let alone all of the other pro-
duction input costs. 

This puts farmers in the western High Plains region 
in an undesirable dilemma: apply multiple, expensive 
combinations of herbicides to control weeds in fallow, 
or revert back to tillage and go down the same path of 
soil destruction and poor moisture retention that led to 
the Dust Bowl. But one farmer in this area is changing 
the way he does things altogether, and it has created a 
more moisture-efficient and profitable system than tra-
ditional grain cropping. 
John Niswonger of Wallace, KS, has replaced most of 
his grain crops with a system of annual pasture crops, 
grazed during time periods in which his native grass 
pastures of mostly low-growing buffalograss and blue 
grama are either not productive or in dire need of a rest 
period. The native grass is also now grazed in a mob 
grazing system, with each paddock being grazed once 
in the early part of the summer, then rested the remain-
der of the growing season and only grazed again after 
a frost has sent the grass into dormancy, a period in 
which grazing does not harm it. This system works well 
because these grasses are more tolerant of grazing in 
the early summer as late summer regrowth allows them 
to recharge their roots with carbohydrate reserves and 
build a moisture-conserving mulch.
Part of Niswonger’s cropland is planted to a diverse 
blend of summer annual forages (sorghum-sudan, 
cowpeas, sunn hemp, pearl millet, mung beans, and 
sunflowers) for grazing during the late summer while 
the native pastures rest. Other acreage is planted to a 
mixture with a base of forage sorghum that is sterile 
(doesn’t produce grain) and plants that hold high-pro-
tein seeds in their pods for winter grazing. The mixture 
retains adequate grazing quality for a nonlactating cow 
even in the dead of winter and produces a high level 
of biomass can be grazed even during a blizzard, as it 

Tilled fallow ground that has lost all soil structure and is blowing in the wind.
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Chemical fallow ground showing excellent ground coverage, but this method is very 
costly to maintain due to expensive herbicides needed to control resistant weeds
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sticks up above the snow. Still other cropland is planted 
to a mixture of winter annual forages like rye and winter 
peas to provide early spring grazing before native grass 
pastures green up in summer. Together with the native 
grass being grazed in early summer and in fall, cattle 
can often be grazed twelve months of the year, with lit-
tle need of feeding hay. Kicking the hay habit, as our 
friend Jim Gerrish would say, eliminates the need for 
expensive haymaking equipment and saves hundreds of 
hours of labor. Grazing cattle directly in the fields cy-
cles fertility back onto the cropland, and the rhizobia 
bacteria with the legumes in the grazing mixtures fix at-
mospheric nitrogen. Since no nutrients are leaving the 
farm in the form of grain, and 80% of what goes in a 
cow comes back out the other end as manure fertility, 
this system has little need of purchased fertilizer. Elim-
inating grain harvesting also eliminates one of the big-
gest capital expenses on the farm—the grain combine, 
which can easily exceed $500,000 dollars. 
On the production side there are many benefits as well. The 
value of the beef produced per acre almost always exceeds 
the value of the grain formerly produced on the same acre. 
Forage crops use far less moisture than grain crops (half 
the moisture is needed during grain fill) so wasteful and 
soil-destructive fallow is no longer needed. 

The herbicide-resistant weeds that are so expensive to 
control in a traditional grain cropping system are ac-
tually nutritious and palatable as grazing plants when 
managed properly. Simply grazing the weeds instead 
of applying complex chemical concoctions saves an in-
credible amount of money. 
Other benefits are beginning to show as well. The na-
tive grass pastures have shown a remarkable increase 
in vigor, despite having more grazing days per acre. 
This is due to well-timed rest periods that allow re-
growth to act as a mulch which holds more soil mois-
ture than nearby pastures grazed in the traditional 
season-long continuous grazing system. Streams that 
used to run for only a short period after a rain now 
run much of the year. One can only guess what effect 
a widely adopted system like this would have on the 
underlying Ogallala Aquifer which has been declin-
ing for decades.
All of these factors contribute to a vastly improved bot-
tom line, and John reports that he is making much more 
money in this system than he was making while grow-
ing grain crops. 

Traditional system Cattle As The Cash Crop system

1200 acres of pasture and 1200 acres of 
crop ground

All Pasture System of 1200 acres of pasture 
and 1200 acres of crop ground

1200 acres of Pasture: 12 acres to carry a 
cow for 150 days or 12.5 grazing days per 
acre so 100 calves could be produced at 
$900 each = $90,000 gross

300 cows can be kept year round and 300 
calves can be raised. 

1200 acres of Crop Ground: 

Wheat-Sorghum-Fallow rotation

400 acres wheat @ 30 bu @ $5 = $60,000

400 acres sorghum @ 70 bu @ $4 = 
$112,000

400 acres fallow @ 0 @ $0 = $0

Total Gross Farm Income = $262,000 300 calves @ $900 each = $270,000 gross

Expenses include hay, seed, fertilizer, chem-
icals, equipment costs, grain storage and 
labor.

Expenses include seed, some seeding equip-
ment, labor. No fertilizer, very few herbi-
cides, no harvest costs, very little hay.

Each system has similar gross income. 
Which system do you think will be more profitable?Ph
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AVOID THE BERMUDA TRIANGLE
Stuck in a high-maintenance relationship with your 
Bermuda grass? It can be a tough relationship to leave, 
but if fertility bills, chemical bills, and hay equipment 
bills are stressing you out, it might be time to build an 
exit strategy on your relationship with Bermuda grass. 
If Bermuda grass is going to be a partner in your graz-
ing business, then you need more from it! Good busi-
ness partners need to fulfill specific niches and work 
with you—not against you. While Bermuda grass has 
some good properties that can be utilized, it cannot eas-
ily or profitably meet all aspects of a grazing business 
365 days per year. To exit your high-maintenance rela-
tionship with Bermuda, you will need to allow for more 
business “partners” in your grazing operation. 
When considering management changes, we need to ad-
dress the root causes of the problems being solved. Of-
tentimes the previous system was a high-maintenance, 
low-profitability system, and Bermuda was just substi-
tuted for other crops but did not solve the problem.
Enter Diversity
Diversity and ensuring a division of labor are business 
concepts. Operations, management, sales, marketing, 
accounting are all business roles to be filled—even if it 
is just by one person. Success in the grazing business 
requires diversity in the plant community to “divide the 
labor” and fill all windows of opportunity. Diversifica-
tion can occur in several ways.
By managing timing, intensity, frequency, and duration 
of grazing animals, plant communities will naturally 
change through recruitment of new perennial plants 
from the latent seed bank. 
Another route to diversity is to overseed the Bermu-
da with inexpensive annuals in the off-season by either 
drilling or broadcasting seeds. Multiple goals can be 
achieved when diversity is added. We can:
1. Produce more forage for livestock.
2. Fix atmospheric nitrogen by adding legumes to the 

system.
3. Cycle and release more nutrients from soil minerals 

through greater biological diversity.
Goal #3 may be the most important but often our soils 
and our systems are limited by a lack of soil biology. 
Fortunately, plant diversity and grazing management 
can solve this problem.
There is great similarity between the biology in the soil 
and the biology in the rumen of an animal. Animals will 

not cycle nutrients well if they have excess fiber (car-
bon) in their diet and not enough protein (nitrogen). 
This will lead to poor biological balance, constipation, 
and poor animal performance. A Bermuda monocul-
ture perennial grass system is also constipated and poor 
performing due to excess carbon and little to no organ-
ic nitrogen available for the biology to thrive and cycle 
nutrients. When legumes and other broadleaf forbs are 
introduced into a carbon-heavy system, the nitrogen 
and nutrient cycling starts to come back into balance. 
As the biological diversity returns, we see increased soil 
organic matter, water infiltration, and water holding ca-
pacity which leads to increased productivity of forage 
in all seasons.

Overseeding Challenges
Diversification through overseeding has its own set of 
challenges. Getting adequate sunlight to the new seed-
lings is one of the most limiting factors. Thick stands 
of Bermuda over six inches tall will limit most small 
seeds due to the lack of solar energy available to the soil 
surface. Small seeds like clovers have limited energy re-
serves to grow and reach for sunlight after germination. 
This challenge can be overcome by removing the extra 
Bermuda residue late in the season through one of the 
following strategies.
• Intensive managed grazing is the most widely used 

option, but must be managed correctly to be success-
ful. Broadcasting seed in front of the livestock and 
letting the animal impact increase seed-to-soil con-
tact and open the canopy for sunlight penetration 
can be highly effective. For best results, this must 
be done with high-intensity grazing to get adequate 
animal impact. The seed needs to be broadcast pad-
dock by paddock as cattle are rotated through to 
avoid the risk of seeds germinating too quickly and 
seedlings getting trampled. It is very important to 
provide adequate time for the seedlings to become 
established before grazing the paddock again.

Fall-planted cereal rye, hairy vetch, alfalfa and yellow sweet clover ready to be be 
spring grazed in an Oklahoma Bermuda pasture.
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• Broadcasting seed and then mowing the Bermuda grass 
is another option. Spread the seed prior to mowing so 
the clipped residue will cover and mulch the seed, lock-
ing in moisture by reducing soil surface evaporation. 

• Controlled burning prior to overseeding is another 
option that can have some added benefits. Burning 
in the late summer or early fall can free up nutrients 
for cool season species that require higher levels of 
nutrition for rapid growth. Early spring burns can 
allow you to add in additional warm season native 
perennials into your mix such as switchgrass, blue-
stem, Indiangrass, partridge peas, etc. After a con-
trolled burn, drilling the new seed is recommended 
as there is nothing left on the soil to protect seeds 
broadcast on the surface.

• Drilling seed mixes into Bermuda or other peren-
nial grasses gives better control of seeding rate, in-
creases seed-to-soil contact, decreases overlap and 
seed wastage, and opens the sunlight canopy for 
smaller seeds. Not all areas can be reached with a 
drill, but when it is feasible, drilling allows the uti-
lization of larger-seeded species that would not be 
used in broadcasting. These species include spring 
or winter peas, faba beans, sunflowers, buckwheat, 
and other large seeded species. These larger seeds 
have more stored energy to grow through several 
inches of thick canopy to find sunlight. Larger-seed-
ed species are also quicker to establish and typically 
develop more grazable forage.

• Getting small seed distributed by combining them 
with mineral supplements and allowing livestock to 
consume and distribute the seeds is an option but has 
limitations. It is not recommended to feed small seeds 
to sheep or goats as they excessively chew, grinding up 
most of the viable seeds. Cattle will effectively swal-
low whole small seeds, and most hard-seeded species 
will have some survival through the rumen and di-
gestive processes. However, the rhizobia inoculant for 
clovers and alfalfa will not survive the process, and 
if the soil doesn’t have the existing rhizobia to start 
there will be a very low survival rate of those legume 
species. Seeds that do well in minerals are hard-seed-
ed native grasses such as switchgrass or non-legume 
forbs like chicory and plantain. Unless you are manag-
ing cattle traffic very effectively through daily moves, 
this system is not effective as most manure ends up in 
high concentration points. A more effective method 
through feeding is broadcasting small seed and then 
bale grazing in a checkerboard pattern or unrolling 
hay bales on top of broadcasted seed. 

Once the method of application has been determined, 
selection of the proper seed is critical. When broad-
casting seed, choose small seeds which require less 
moisture to germinate and have high seedling vigor 
and reseeding capabilities. Broadcast seed should also 
have hulls or hard seed coats to protect from insect/
bird predation. When drilling through thick residue, 
larger seeds can be used as they have more stored en-
ergy and higher seeding vigor to push up through the 
duff layer. When drilling through patchy or uneven 
residue or terrain, a combination of small seeds and 
large seeds will work best.

Broadcasting Species Drilled Species
Hairy Vetch
Woollypod vetch
Clovers and alfalfa
Trefoil
Oats
Annual ryegrass
Italian ryegrass, clovers
Chicory
Plantain
Small burnet

Spring or winter peas
Faba beans
Hairy vetch
Woollypod vetch
Common vetch
Oats or barley
Triticale or cereal rye
Wheat
Buckwheat
Safflower
Sunflowers

Lastly, the timing of overseeding Bermuda grass will 
play a major role in success. Bermuda has a bell-shaped 
production and competitiveness curve that is strongest 
during the warmest periods and weakest in the cool pe-
riods. Annual broadleaf weeds are opportunistic species 
that take advantage of the low competition in the fall 
and early spring. This same timing also works best for 
increasing diversity through overseeding. 
A business owner has choices to make about who they 
partner with and how they run their business – and 
those choices will likely make or break the business. The 
Bermuda grass operator also has choices to make about 
what, when, and how to add diversity to the grazing sys-
tem—and those choices may very well make or break 
the profitability of the operation.

By Brett Peshek

 Avoid the Bermuda Triangle

Spring peas, chickling vetch and woollypod vetch growing well and producing nitro-
gen in a Bermuda grass field.
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CORN-BEANS-CATTLE ROTATION
Many farmers in a corn-soybean rotation find it diffi-
cult to fully realize the potential that cover crops can 
offer for soil improvement, due to the short windows 
of opportunity for cover crop seeding and growth. The 
lateness of corn and soybean harvest limits the growing 
degrees available as well as the number of species that 
can be used, and the desire to plant corn as early as pos-
sible in the spring limits the growing season of the cov-
er crop prior to the corn. Some producers are opening 
this window a little wider with innovative interseeding 
and overseeding options. While these creative solutions 
can help, the growth and benefits are still limited. One 
option that makes excellent agronomic sense would be 
to include a winter cereal grain (wheat, barley, or rye) 
in the rotation, to provide a long growing window for a 
cover crop after cereal harvest. However, the low prof-
itability of cereal grains compared to corn or soybeans 
most years makes many farmers hesitant to expand 
their rotation. 

This has led some producers with cattle in their port-
folio to consider a rotation that includes a sequence of 
full-season grazed cover crops instead of a grain crop. 
This unique twist on a grain rotation can create a tre-
mendous amount of soil improvement in a very short 
period of time. A sample rotation might be:
• Year 1 (spring/summer): Corn
• Year 1 (fall/winter): Winter cover crop blend based 

on cereal rye
• Year 2 (spring/summer): Soybeans
• Year 2 (fall/winter): Cover crop blend based on rye 

and winter peas, which can be grazed in early spring.
• Year 3 (summer): Complex summer cover crop 

mix such as a blend of sorghum-sudan, millets, 
sunn hemp, cowpeas, sunflowers, and buckwheat, 
which is incredibly productive and can be grazed 
in late summer.

• Year 3 (fall/winter): Diverse winter cover crop (such 
as oats, radishes, peas, rye, collards, etc.), which can 
be grazed in fall and spring, before going back to corn.

This program has three different cover crop mixtures 
growing for as long as 18 consecutive months in be-
tween soybean harvest and corn planting. Practical ex-
perience with this system has shown very impressive soil 
improvement in a short period of time. The tremendous 
amount of grazing the system provides makes it quite 
profitable for corn-soybean farmers who own or have 
access to livestock. The grazing also occurs at very con-
venient times. A typical perennial pasture composed of 
cool-season grasses like brome, orchardgrass, fescue or 
bluegrass is most productive in late spring/early sum-
mer and again in the early fall. The grazing provided 
by this rotation produces forage in early spring, late 
summer, and late fall to greatly improve the length of 
the quality grazing season. This gives the cattleman a 
year-round grazing forage chain and reduces the need 
for and the dependence on hay or other expensive and 
labor-intensive forages.
A calendar of the grazing rotation after the cover crops 
are spliced in, using a typical cool-season grass pasture, 
might look like this one below, which provides year 
round pasture. 
• January-April: Winter cover crops (found on all 

cropland acres)
• May-June: Perennial pastures

Corn-Beans-Cattle Rotation
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• July-August: Summer grazing cover crop (found on 
1/3 of cropland acres)

• September-October: Perennial pastures (invigorat-
ed after two months rest)

• November-December: Winter cover crops (found 
on all cropland acres) 

The added grazing supplied by this rotation provides 
several distinct advantages to the cattle operation:
1. The grazing provided during late fall and early 

spring can dramatically reduce the amount of hay 
necessary for the herd. Since hay expense is the 
single greatest expense in most cattle herds, this 
is significant.

2. The late summer rest for the perennial pastures al-
lows them to gain vigor, root mass, and time for the 
clovers to reseed.

3. The shortened grazing season on perennial pastures 
allows them to carry more animals when they are 
grazed, which can mean the stocking rate can be in-
creased for more intensive grazing.

4. The cover crops in late summer are far higher qual-
ity in that period than what the typical perennial 
pasture can provide, and the cover crops in winter 
are far higher quality than what the usual winter 
feed (hay or corn stalks without cover crops) can 
provide, so animal gains are noticeably increased.

There are also obvious improvements to the cropland 
from the cover crops:
1. Lengthening the rotation from two years (corn-soy-

beans) to three years (corn-soybeans-forage covers) 
gives a two-year break from each crop, which dou-
bles the time without a host for several significant 
insects and diseases. Sudden death syndrome, white 
mold, corn rootworm, and many other problems 
are far less problematic with a lengthened crop rota-
tion. With fewer problems, there is reduced need for 
expensive insecticides and fungicides. 

2. Many of the same benefits can also be achieved from 
a stacked rotation as promoted by Dwayne Beck of 
Dakota Lakes Research Farm. In this iteration, two 
years of corn are followed by two years of beans fol-
lowed by a year-long regenerative forage cover pe-
riod. So this rotation would look like this: Corn-cc-
Corn-cc-Beans-cc-Beans-cc-CC-CC (cc represents 
a short-window cover and CC represents more of a 
full season cover crop portion of the rotation). This 
method gives a three-year break between corn crops 
or bean crops for even more reduced pathogen ben-
efits. Another alternative would be: Corn-cc-Beans-
cc-Corn-cc-Beans-cc-CC-CC.

3. Highly productive summer cover crops can spur a 
degree of soil improvement that winter cover crops 
alone cannot match. This includes nitrogen fix-
ation by summer annual legumes and microbial 
population explosions fed by the massive amount 
of root exudates from warm-season grasses like 
sorghum-sudan-based mixes. The soil improve-
ment can be quite eye-popping. In one instance, a 
pre-cover crop Haney test indicated the following 
levels of nutrient availability: 14 kg/ha N, 10 P, and 
332 K. A Haney test taken one year later, at the same 
time in spring, indicated availability of a whopping 
147 kg/ha N, 101 P, and 378 K…with ZERO fertil-
izer applied in between those two dates! Where did 
all of this N, P, and K come from? It is likely that 
the additional nutrients were made available from 
the added biological activity spurred on by the root 
exudates from the growing cover crops. Rhizobia, 
azotobacter, mycorrhizal fungi, and other microbial 
agents were doing their job by fixing nitrogen from 
the air and freeing up phosphorus, potassium, and 
other nutrients from the soil mineral matrix. 

Between the timely, abundant grazing that make a cattle 
herd more profitable, and the higher subsequent crop 
yields with lower input costs, the corn-beans-cattle ro-
tation can offer tremendous benefits to both the soil and 
the pocketbook!

Corn-Beans-Cattle Rotation
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WINTER STOCKPILE GRAZING
In the business of pastured livestock, the biggest share 
of the annual expenses involves providing winter feed. 
Many farmers and ranchers own a full lineup of hay-
making and silage making equipment that they spend 
vast amounts of time and money operating and main-
taining. If there was a good, reliable alternative to feed-
ing hay or silage, it could make a huge impact on the 
bottom line.
One of the most economical ways to feed and overwin-
ter livestock is the practice of grazing stockpiled sum-
mer annual forages. These mixes are usually sorghum 
based, due to its exceptional yield, water efficiency, and 
drought tolerance. But not all sorghum varieties per-
form equally for this purpose, in fact, most of them are 
quite poorly suited for this purpose. The ideal sorghum 
variety for this purpose should:
• NOT produce grain as too much grain consump-

tion by a non-adapted ruminant can cause acidosis 
and founder.

• Be high yielding.
• Have good leaf retention as this is the most nutri-

tious part of the plant and must be preserved for 
winter grazing.

• Stand well through first frost and into the winter.
• Maintain good digestibility, which usually requires 

a brown midrib hybrid.
Unfortunately, there is no single sorghum variety which 
combines all these characteristics, (at least not yet), but 
there are some genetic traits that work well for this niche.
Male sterile hybrids have pollen that is not fertile and 
will form empty heads unless there is other sorghum 
pollen in the area. Because photosynthesis continues 
but the sugar cannot go into grain formation, male ster-
ile stalks have a much higher sugar content. 
Photoperiod sensitives (PPS) varieties flower late in the 
fall (less than 12:20 of sunlight) which is generally too 
late to make fertile grain. PPS hybrids produce very 
high tonnage and are very drought tolerant but can get 
very tall and tend to be prone to lodging unless they 
have thick, hard stalks.
Brachytic Dwarf genetics have excellent standability due 
to their short stature, have excellent leaf retention, and 
due to their high leaf to stem ratio maintain very good 
digestibility. They also yield quite well despite their short 
height. However, since dwarf forage sorghums are not 
available in male sterile or photoperiod varieties, they 

are all capable of making grain. Long maturity types 
(110 day plus) planted double crop after wheat harvest 
seldom make grain before frost north of Interstate 30.

Monoculture sorghum is easy to manage, particular-
ly since there are good herbicidal weed control options, 
but adding other species to the mix can bring multiple 
benefits. Sorghum by itself is low in protein, so adding 
a cool-season plant like collards or turnips can pro-
vide higher protein green feed during the early winter 
months. Adding stiff stalk species like sunflowers and 
okra can help hold the mixture upright. Sunflowers as 
well as some legumes like guar have high protein seeds 
that persist well into winter. Pumpkins or gourds can add 
a nutritious fruit that persists well into winter and climb-
ing vines like gourds and cowpeas can help lace the sor-
ghum stalks to a neighboring stiff stalked plant like sun-
flowers. Even under relatively low yielding conditions, a 
stockpiled sorghum-based mixture can reliably produce 
100 cow-days per acre or more. A stockpiled sorghum 
mix is an ideal crop after a small grain harvest, as it is 
very drought tolerant and low cost, and does not need a 
full growing season to make a crop. Strip-grazing stock-
piled forage greatly increases the efficiency of utilization 
and efficiency of feed use and should always be practiced.
A stockpiled sorghum mix also offers benefits beyond 
economical winter livestock feed. These mixes produce 
huge amount of biomass that gets converted into ma-
nure. The trampled or ungrazed residue is not wasted 
but rather provides persistent soil armor. Few plants can 
rival sorghum for the amount of root exudates which 
will support a diverse biological community. If you are 
looking for an economical way to winter livestock and 
simultaneously take a big leap in soil health, a stock-
piled sorghum mix might just be the ticket! 

Even though this field looks like dead and low-quality forage, it is actually very high 
in nutrition. Left: This cow is getting a big energy boost from eating a black oil sun-
flower head and consuming the 40% oil content seeds from this summer planted 
winter stockpile mix. Right: Not to be outdone, this girl is getting her protein snack 
from finding a winter killed cowpea plant in the winter stockpile jungle.

Photos by B
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GRAZING ALFALFA
Alfalfa is a rock star in the hay and green chop world, 
but is often overlooked as a grazing forage. Alfalfa has a 
many positive attributes as a pasture plant. As legume, 
it fixes its own nitrogen and has high protein content. 
It has a long growing season and is very deep-rooted 
which makes it drought tolerant. Alfalfa is also prob-
ably higher yielding than any other forage adapted to 
temperate areas. Despite these undeniable advantages, 
alfalfa is seldom used for pasture. Why is this? As a wise 
man (it might have been me) once said, “Alfalfa is the 
perfect grazing plant except for two problems: 1) if you 
don’t manage it correctly, it kills your animals, and 2) 
if you don’t manage it correctly, your animals kill your 
alfalfa.” Those are obviously two big problems, but with 
proper management, it is possible to keep both animals 
and alfalfa alive and thriving in a grazing program.
Keeping Alfalfa Alive
During the growing season, alfalfa tolerates defoliation 
only after it blooms, not in the vegetative stage, and re-
peated grazing in the pre-bloom stage will quickly kill 
the plant. The only way to properly graze alfalfa is with 
a rotational grazing scheme, with the field divided into 
a minimum of 4 paddocks. Each paddock should be 
grazed for a short period of time after the alfalfa has 
bloomed and then allowed to rest for at least three weeks 
(four or five is better) until the alfalfa reaches full bloom 
again. While mature alfalfa is past its prime for haying, a 
grazing animal can select for a much higher-quality diet 
than a swather! Do not force animals to clean up every 
last twig on a paddock before moving as consumption of 
too many stems will cause animal gains to drop.

Keeping Animals Alive
The problem with animals grazing alfalfa is bloat, which is 
caused by protein formation that causes the rumen fluid 
to form a strong foam with thick bubbles that do not pop 
easily. The pressure builds up inside the rumen and press-
es against the lungs and the animal quickly dies of asphyx-
iation. Bloat can be prevented by the following measures:

• Dilution. Seeding grass with a grazing alfalfa not 
only reduces bloat but extends the useful life of the 
stand, reduces weevil problems, weed problems, 
trampling problems, and improves animal perfor-
mance. Keeping free choice dry grass hay available 
is a good idea. A BMR sorghum-sudan hay is ideal.

• Neutralization. Planting tannin-containing species 
such as Korean lespedeza, sainfoin, birdsfoot tre-
foil, and chicory with the alfalfa is helpful. Tannin 
binds with the bloat causing protein in the rumen 
and greatly reduces bloat potential. Animals with 
the added diversity of these plants also gain better 
with fewer health issues.

• Medication. Poloxalene (Bloatguard) fed in the 
mineral or in block form will reduce bloat incidence 
by over 90%. Monensin (Rumensin) reduces bloat 
incidence by 70%. One or the other should be fed 
to animals pasturing alfalfa. Make sure all animals 
have access to multiple feeders that they can’t tip 
over or push outside the fence.

• Rotational grazing ensures that animals eat a bal-
anced diet of grass and tannin containing plants 
along with alfalfa, and some alfalfa stems along with 
the bloat-prone leaves. To be most effective, ani-
mals should be moved daily. Alfalfa should only be 
grazed after bloom, which not only reduces bloat 
potential but increases plant vigor.

If adequate precautions are taken, alfalfa can produce as-
tounding animal gains per acre. One well-managed alfal-
fa pasture in Kentucky produced just under 1800 pounds 
of liveweight gain per acre! Alfalfa has too much poten-
tial as a grazing plant to not use it as part of a pasture 
mix. If you would like to learn more about pasturing al-
falfa, give us a call and we would be glad to assist you!

Photo by D
ale Strickler
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By Dale Strickler 
Dale Strickler has spent his entire career ed-
ucating people about plants, animals, and 
soil health. He is one of the leading soil health 
agronomists in the United States and represents 
Green Cover across the country with farmers, 
ranchers, and landowners. 

Dale has written two books: The Drought Resilient Farm and Managing 
Pasture and is awaiting the release of his third book soon.
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RED CLOVER
The Forgotten Forage

Ever since the genetic engineering scientists have been 
working to improve alfalfa by reducing lignin and con-
densing tannins, they seem to have forgotten about 
red clover, a legume forage which already has the traits 
they are trying to achieve with the exception of Round-
up Ready®. It seems that after several years of field ex-
perience, the double-stack, low-lignin alfalfa with its 
need for multiple fungicide treatments, its lower yield, 
its high seed cost and its less-than-sure quality im-
provement, has many farmers ready to move on. Either 
switching to or adding improved red clovers to the pic-
ture may be a solution.
Tannins and Bypass Protein
Tannins are naturally occurring compounds that bind 
to protein and amino acids. Tannin is the factor in clo-
ver that causes its protein to be less soluble and higher 
in quality (bypass protein) than the protein in alfalfa. 
Red clover has higher tannin levels and approximately 
double the bypass protein of alfalfa. Much of the protein 
in alfalfa is soluble protein and can be passed through 
the rumen and into the waste before the protein can be 
utilized. We can save the genetic engineering scientists 
and the alfalfa companies (and you) a lot of money by 
adding red clover or replacing the alfalfa completely! 
Years ago, I received a red clover baleage sample to use 
in a dairy ration. I was surprised that the NDFD30 was 
65%! Having never seen a pure clover forage sample, I 
certainly took notice! Conscripting my friends at Dairy-
land Labs, I convinced them to do a search of all sam-
ples that were either labeled alfalfa or clover and no oth-
er ingredient. The data set was certainly not pure, but 
it was large (especially the alfalfa) and it showed that 
the clover samples averaged 9 percentage units higher 
in NDFD30 than the alfalfa. 

Benefits of Red Clover 
The benefits of alfalfa are many and well known. How-
ever, let us look at what modern improved varieties of 
red clover bring to the table: 

• More winter hardiness.
• Better tolerance to wet soils and “wet feet”.
• Survives a wider range of soil pH.
• Establishes quicker than alfalfa, which is important 

when using quick rotations.
• Higher bypass protein than alfalfa.
• More fibrous root system that better protects soil 

from erosion.
• Nitrogen from fixation may be available for other 

plants sooner.
• Clover can be seeded into a weak alfalfa stand to ex-

tend usefulness without autotoxicity.
Work at the USDA Forage Research Center in Wiscon-
sin with red clover replacing alfalfa showed:
• Dairy cows had reduced feed intakes with red clo-

ver-based diets, but had similar milk yield and pro-
duced less manure. This is the result of increased di-
gestibility and is termed Milk Efficiency. 

• Less crude protein was converted to NPN, which 
improved dietary protein efficiency and reduced 
manure nitrogen.

Red clover added to your alfalfa when seeding will add 
the above benefits to your stand. Look for a good 3- to 
4-year improved clover. Adding European cool sea-
son grasses such as meadow fescue (in the north) or 
orchardgrass (other places) can help your stand even 
more. A pure stand of red clover is not the best choice 
for dry baled hay. However a mixture of red clover, al-
falfa, and a perennial grass makes fantastic hay with ex-
cellent yields. Pure red clover can be made into haylage 
with one good drying day and thereby retaining more 
of the quality.
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By Larry Hawkins 
Larry and his team at Forage Innovations pro-
vide efficient, sustainable, and highly digestible.
solutions for innovative dairy farmers across the 
upper Midwest.  
Contact him at larry@forageinnovations.guru
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SHORT TERM LEY PASTURES
If you are looking for the fastest way to improve crop-
land soil (other than importing huge amounts of organ-
ic matter) then ley farming may be the answer. This is 
the practice of putting cropland into a perennial pas-
ture for multiple years before rotating back to crops. Ley 
farming is commonly used in many parts of the world 
and was strongly advocated in the United States during 
the 1800’s to build soil fertility, structure, and produc-
tivity. After World War II and the advent of commercial 
fertilizers, this method of farming became considered 
“old fashioned” and unnecessary. We thought we could 
maintain soil productivity with applications of fertiliz-
er alone, but we were wrong. Crop yields continue to 
climb due to the fertilizers, better genetics, and higher 
populations, but it came at the expense of soil biology, 
structure and organic matter.
We have some Green Cover customers who are rediscover-
ing the power of ley farming. Here are their observations: 
Josh Lloyd of Clay Center, KS, has planted complex short-
term pastures to cool-season grasses, legumes, and forbs 
and is grazing them with both sheep and cattle. While 
he has yet to convert any of his short-term pastures back 
to crops, he is quite pleased with the performance of the 
pastures he has established. “These very productive pas-
tures allow me to use high stocking rate, but rotational 
grazing is critical for persistence of legumes and opti-
mum pasture performance”, he comments. Josh uses the 
cool-season pastures to provide quality grazing in spring 
and fall when his native warm-season pastures are non-
productive, and the sod provides an alternative to a dry-
lot for a location for winter hay feeding. He utilizes bale 
grazing as a means of rapidly infusing large amounts of 
mineral nutrients, organic matter, and biology into his 
new established pastures. Josh thinks his ley pastures are 
every bit as profitable as row crops, at least before gov-
ernment program payments are figured in.
Keith Thompson and Ben Thompson of Osage City, KS, 
were introduced to pasture/crop rotation when they 

visited Argentina in 1999 to study long-term crop rota-
tions. Ben started a cow herd a few years later but initial-
ly just grazed native pastures. Encouraged by listening to 
Ademir Calegari at No-Till on the Plains talk about the 
use of pastures within a crop rotation in South America, 
they decided to give it a go. In 2012 they planted a mix of 
cool-season grasses, legumes, and forbs on one of their 
worst fields. Unfortunately, there was a severe drought 
that year, and they had a very poor initial stand. To make 
grazing viable, they interseeded annuals in both spring 
and fall into the pasture each year to add to the amount 
of available forage. The pasture was grazed for four years 
in the combination of perennials and annuals then re-
turned to crop production.
The Thompsons started their ley experiment on their 
least productive field, but after they returned it to crop-
land, it was drastically different. Soybeans set a new re-
cord high yield for that field (17% higher than the pre-
vious high, and 47% above the field average); corn set 
a new field record yield (9% higher than previous high 
and 48% above average); and sorghum also set a field 
high record (5% higher than previous high, and 34% 
higher than the field average). The Thompsons have 
since planted more fields to pasture to build up the pro-
ductivity of their poorer fields, but at this point they 
think the land is best left in pasture, given low commod-
ity crop prices. The Thompsons use their cool-season 
pastures in a manner similar to how Josh Lloyd does, 
providing early and late season grazing and a place to 
winter feed their animals.
We are anxious to hear reports from other custom-
ers who have converted a rotational pasture back into 
crop production and what their experiences have been 
regarding yields and input requirements. So far, most 
people like their pastures so much they haven’t taken 
them out! If you are a customer who has done so, please 
report back to us and tell us what you have seen. If you 
are interested in establishing a short term perennial 
pasture, contact us and we can help!
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YOUR MOST LIMITING FACTOR
If you were to ask a hundred farmers in many areas 
what their most limiting factor is, they would probably 
say, “Rainfall”. If you were to ask a hundred fertilizer 
dealers they would probably tell you, “Nitrogen”. Both 
theories are wrong—mostly. It’s all about the “O”.
The biggest limiting factor for optimum crop growth in 
many areas—but especially in areas with heavy claypan 
soils—is something you can’t buy: soil oxygen. Soil oxy-
gen is necessary for roots to grow and, when it is lacking, 
results in shallow-rooted, drought-susceptible plants. 
Soil oxygen is maximized when the soil is full of pore 
space. A soil that lacks pore space will have poor infil-
tration, high runoff, poor root development, and loss of 
nitrogen through denitrification. This is why we believe 
a lack of rainfall or a lack of fertilizer is causing our poor 
yields, but it is actually a lack of rainfall infiltration, a lack 
of the soil to retain nitrogen, and a poor root system that 
is unable to extract either sufficient fertility or moisture. 

Pore space is created by the formation of soil into lit-
tle spherical structures called aggregates. These can be 
formed physically through tillage, freezing, thawing, or 
wetting and drying cycles, but these aggregates are not 
stable and break down quickly. Stable aggregates are 
formed by soil microbes, particularly fungi, which cre-
ate biological glues that bind the soil together.
Why Do No-till Fields Often Yield Less Than 
Tilled Fields Initially?
Since pore space is so critical to crop yields, practices 
that enhance pore space will usually result in higher 
yields. This is why we often get a short-term yield re-
sponse to tillage, because there is a temporary increase 
in pore space when the soil is loosened. But this yield 
increase comes at a high cost as tillage causes an explo-
sion in the population of microbes that eat the micro-
bial glues. Tilled soils will have a gradual loss of pore 
space and require more frequent tillage to recreate short 
term pore space.

A no-till soil will not have the breakdown of microbi-
al glues and will have an increase in pore space, but it 
can take time to form the pores. This is why a newly 
converted no-till field may have short-term yield lag 
and why some farmers give up on no-till after a year 
or two, saying “No-till just doesn’t work around here.” 
The yield of the no-till fields will soon exceed that of 
the tilled field because of the microbial glues and better 
pore space. Instead of giving up early, fix the problem by 
growing more soil microbes!
Microbes require a habitat that is moist and dark with 
a stable temperature, and the best way to create these 
conditions is to have the ground covered in a mulch. Mi-
crobes can be fed by the decay of crop residue, but liquid 
carbon root exudates are far more effective and power-
ful. As much as 25% of the carbon sugars a plant produc-
es in photosynthesis gets leaked out of the root system to 
feed microbes. The problem in the common corn-soy-
bean rotation is that these soil-building microbes only 
get fed about four months out of the year. This is why 
soils often get so hard in a corn-bean rotation.
The Bottom Line
Cover cropping can dramatically improve microbial 
populations by creating both a mulch and by provid-
ing root exudates. Pore space will increase approxi-
mately seven times faster using no-till and cover crops 
together as it will with no-till alone. This is the magic 
of cover cropping. 

A 200 bushel crop of corn requires about 24 inches 
of soil moisture, which many areas receive, but if the 
rain doesn’t enter the soil and if the roots don’t grow 
deep enough, plants will always be living “hand to 
mouth”. We do not always lack for rainfall, but we do 
often lack moisture for our crops. Creating abundant 
pore space will improve infiltration and deepen the 
root zone so each rainfall will contribute more mois-
ture to the soil profile.

Excessive tillage has reduced the pore space in this soil and is preventing water 
infiltration.

Ph
ot

o 
by

 K
ei

th
 B

er
ns

Healthy soil with excellent porosity from cover crop roots and worm burrows.

Photo by Luke Linnenbringer
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REGENERATIVE WILDLIFE
Growing Deer

About 20 years ago, my wife Tracy and I purchased a 
cattle ranch near Branson, Missouri. The owner had 
died seven years previously and bequeathed the proper-
ty to a local hospital. The hospital had no interest in the 
land except to sell it at a high price to developers since 
it’s close to a major tourist destination.
Tracy and I toured the property and offered what we 
could afford which wasn’t even close to the asking price. 
God blessed us, and the hospital accepted our offer! 
I asked them to cancel the cattle lease and they said, 
“What lease?” There were about 100 cows and a few 
calves on the property with no internal fences on 1,517 
acres. I finally located a neighbor that claimed the cattle. 
There was no quality pasture, and I’ve never walked a 
ranch that had more cattle skeletons per 100 acres.
I found a 1950s aerial photo of the ranch at the local 
NRCS office and was discouraged by how much soil 
disturbance had occurred. Before being a cattle ranch, 
all the ridgetops had been dozed off and tomatoes were 
planted. Today the remnants of piles where the ridge 
tops had been dozed off are still visible. The ranch had 
been used and abused.

This property is split by a county line and, between the 
two counties, the biggest buck recorded scored 130+ 
inches. I’m sure a few larger bucks had been harvest-
ed and gone unreported, but any such bucks would 
have been incredibly rare. Many fellow wildlife biolo-
gists thought I was crazy for purchasing this property 
to manage deer.

As our budget allowed, we started repairing roads and 
reclaiming openings that were filled with honey locust 
and fescue. I wasn’t reclaiming the openings for pasture 
or traditional crops. I’m a wildlife biologist and wished 
to establish food plots and grow quality forage to pro-
vide nutrition to deer, turkeys, and other critters.
I had been raised on a farm and had taken several 
chemistry classes during college. I thought I under-
stood soil fertility. I had spent hours in our tractor 
disking fields as a boy, but knew I needed a different 
approach on this property because the fields were lit-
erally rock and a small amount of duff on the surface. 
In fact, it was so rocky that I bent my soil probe when 
I attempted to collect samples.
I had heard about no-till drills and learned that the 
local NRCS office rented them to ranchers to inter-
seed pastures. Given there was no chance I could disk, 
using a no-till drill to plant the food plots seemed like 
a great option!
Once a few plots were cleared, I went to the local farm 
coop and ordered some synthetic fertilizer to spread 
on the plots. When the spreader truck pulled in my 
driveway, I felt this was the start to producing qual-
ity forage! The driver made one pass around a plot 
behind my house and returned to the driveway. I as-
sumed he’d had a flat tire.
I was surprised when he shared there was no way he 
was going to tear up his truck to spread fertilizer on 
my steep and rocky plots. I was shocked, but with rain 
in the forecast, I knew I needed a plan “B.” I made 
some calls and found a fertilizer buggy for sale about 
45 minutes away in Berryville, Arkansas. I grabbed 
my checkbook and took off. Once at the implement 
dealer, the salesman quickly recognized I was in a 
hurry. He asked why and I explained the situation and 

Clover growing in a diverse forage mix not only provides high quality, mineral-rich 
forage for wildlife but also provides a nutrient-rich environment for biological soil 
growth. Diverse forages also give deer populations that opportunity to be selective 
grazers and balance their diets as needed.
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Plants fix soil, and a diverse mixture of plants build soil faster than any monocul-
ture planting. Note the rich color and the developed structure of the soil surround-
ing this root system—pretty good soil for an Ozark mountain hillside!
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that I wished to purchase more fertilizer and use my 
tractor and a buggy to spread it.
The salesman, Ted Hostetler, was a very calm and 
knowledgeable guy. He suggested I slow down and go 
visit with his uncle, Galen Hostetler, who lived a few 
miles away and made compost. I had heard about using 
compost in college but had no experience with it.
Galen was equally as calm and wise as Ted. He explained 
to me his process of making compost and the amount 
of “life” in the final product which flew several feet over 
my head—I kept asking Galen how much N, P, and K 
was in his product. In hindsight, Galen was very patient 
with me. The price was right so I purchased compost 
from Galen and it was soon spread on my plots!
I was shocked at how productive the rocky plots at my 
place were! I was growing great warm and cool season 
crops for the critters to eat. I continued establishing 
new plots and adding Galen’s compost. The number of 
deer and their antler size started increasing as well as 
the turkey population. 
My project was cruising along nicely until Galen sold 
his compost business and started another line of work. 
I had learned a lot from Galen and his family, but I was 
worried about continuing to establish new plots with-
out having any compost to apply. I had learned better 
than to apply synthetic fertilizer.
By this time the internet had become a common tool 
and I’d been reading about the benefit of planting sever-
al species together and decided to give that a try. Some 
of my fellow food plot farmers thought I was crazy for 
spending money on seed and not adding any fertilizer 
year after year—especially on the rocky and very shal-
low soils here in Stone County (yes, that really is our 
county’s name!) in the Ozark Mountains.
So, without any synthetic fertilizer or compost ap-
plied, I drilled diverse seed blends. When I say “di-
verse” I don’t mean three types of clover and wheat. 
I mean eight to 20 different species including grasses 
like small grains, brassicas, legumes, and broad-leaved 
plants. I’ve learned from the work of other regenera-
tive farmers—some of which are regular contributors 
to this publication—that a diverse blend of plant spe-
cies is a big part of releasing the soil’s potential!
The biggest buck tagged on my property, The Proving 
Grounds, scored 172” (gross) and we’re chasing one 
now that is much larger! My team and I often say “Big 
antlers start in the dirt.” We now know it’s relatively 
easy to convert “dirt” to quality soil without needing to 
spend lots of money and time on synthetic inputs.

While researching ways to improve soil health in order 
to provide more and better-quality forage for wildlife, 
the Green Cover name kept showing up and I started 
spending time on their website. Their blogs, webinars, 
and other resources have been a great source of free in-
formation for myself and many others. I also appreciat-
ed their purpose statement: To help people regenerate 
God’s creation for future generations.
This rang a bell with me as our purpose or mission 
statement is: To help others enjoy creation and know 
the Creator. Wow—it’s rare for two totally separate 
groups that have never met to have such a similar 
mission. Knowing this, I was eager to meet Keith and 
Brian Berns and the Green Cover team. After visiting 
with them, I knew their mission statement truly re-
flected their heart and goals. It was obvious to both of 
us that our boots on the ground approach to improv-
ing forage and grain productivity as well as soil health 
were very similar. 
Green Cover and GrowingDeer decided to partner to 
assist wildlife habitat managers. We’ll be working to-
gether to share information, techniques, and high-qual-
ity seed blends that will improve the soil’s productivity 
while attracting deer and providing a greater quantity of 
quality nutrition to wildlife. We won’t have fancy bags 
with pictures of beautiful bucks, just quality informa-
tion and seed. We are excited to help you release the 
soil’s potential wherever you hunt!
Enjoy creation,
Grant 

By Grant Woods

Through GrowingDeer.tv, Dr. Grant Woods shares 
his love for managing and growing white-tailed 
deer with hundreds of thousands of hunting en-
thusiasts every week.



38 We Can Feed Everyone—A Story of Change

WE CAN FEED EVERYONE
A Story of Change

Rod Lowe’s neighbor came across the road one day and 
told him he had lost half his apple orchard because of 
the atrazine running down into it from neighboring 
fields. The neighbor asked Lowe, “Would you consider 
farming this land around the orchard organic?”
“I didn’t know anything about farming organic,” Lowe 
said. “But my wife Deborah, being from an organic rice 
farm and cattle ranch, said, ‘It’s not that hard, we can do 
this.’” It seemed the organic farming idea was catching 
on. Lowe said, “We had a piece of ground our family 
had farmed for a neighbor for four generations. Once 
they realized we were farming organic at another place, 
they asked if we could farm theirs that way.”

That is when things really started to change at the 
Lowe’s farm and feed yard outside Newton, KS. The 
farm began as a homestead by Lowe’s great-grand-
father, Andrew Jackson Lowe, and then passed to his 
grandfather Earl. It would later be Rod and his broth-
er Richard’s turn. Richard eventually decided to move 
on from farming and today, Rod and his wife manage 
the operation. The couple have six grown children and 
have kept things going with open minds and a willing-
ness to adopt new ideas.
It has always been about adapting and changing, Lowe 
said. In the 1980s, to help supplement the farm income, 
Lowe started working for a regional feed company. He 
did so for 20 years. Then in the early 2000s, they had 
built the feed yard and 9/11 happened. “I had recently 
quit my job in the feed business and the cattle market 
tanked,” recounts Lowe.
Still, all those years selling feed across Kansas and sur-
rounding states had opened Lowe’s eyes to different ways 
of thinking and to neighbors who also had challenges and 
found ways to overcome them. “That’s when we started 
raising dairy heifers on a custom basis,” says Lowe.
While the Lowes were enjoying what they were learn-
ing farming organic for two of their landlords, they 

stepped in gradually with their entire farm of 700 acres. 
“We were concerned at first going all organic because 
we were raising conventional Holstein heifers and so we 
didn’t think we could raise enough feed organically with 
our limited knowledge at the time.”
Still, the couple was learning. Rod was president of the 
Kansas Organic Producers and this involvement be-
gan to open up new doors and the chance to make new 
friends, including a nutritionist for an organic dairy. 
“He asked me if I thought I could build feed for their 
dairy calves. That started a new venture with a new feed 
company. I began working with organic dairies all over 
the Midwest. The opportunities to raise heifers organi-
cally was in front of me.” 
“That is when I made the decision to transition the 
whole farm to organic—all our cattle and all our land. 
That is when our learning curve really began on soil nu-
trition. It wasn’t a hobby anymore and the business re-
ally depended on it. It put us in the position that if we 
made a mistake, we would not have enough feed. We 
couldn’t just go to the neighbor or local feed company 
and get organic feed if we had feed shortages,” he said. 
Prior to starting in the organic dairy business, the Low-
es were already working with Jorge Mora, a licensed vet-
erinarian from Mexico, and his wife Melitta. Over time, 
the Moras ended up becoming a full-time herdsmen 
team for the Lowes. They are now part of the communi-
ty and have a young family started, too.
“They basically take care of the cattle. With the livestock 
program, Jorge directs treatment of the animals organ-
ically,” said Lowe. “Yes, I am hands-on where I need to 
be, but I am not going to micromanage them. It has 
been great to have them on board!”
Lowe admitted the learning curve on his dryland organ-
ic farm is a constant one, “What we found out the first 
few years was the nutrient values of the land provided 
a healthy enough soil to raise crops that organic-wise 
were doing as well or even better than conventional.”
The farm became a close-looped system with all the 
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organic feed they were raising going to the organical-
ly raised cattle in the feed yard. The manure is then 
transferred back to the land as fertilizer. “We are on 
a careful nutrient management system with the Kan-
sas Department of Health and Environment to mon-
itor our soil fertility, so we are not endangering the 
groundwater,” said Lowe.
Rod always wanted to continue to learn and do an even 
better job. That is when Travis Kraft and Elevate Ag came 
into the picture. Rod says, “We raise legume crops with 
everything we raise for feed. If we are raising Sudan, we 
incorporate cowpeas. With wheat, we frost seed clover, 
and we plant oats with yellow peas. What we found over 
time was the microbial activity in the soil seemed to be 
getting tied up and we were not seeing the type of pro-
duction we had seen at first. By no means was it a disas-
ter, it just felt like things were just not right.”
“Last year was the first year we applied any of Elevate 
Ag’s products and we did see a healthy improvement,” 
Lowe said. “The thing I liked most about what they were 
bringing, is that it’s cost effective.”
The proof was in the pocketbook and the plant health 
too. Lowe went on to explain, “The oats and wheat were 
lacking color in the spring. They weren’t growing as we 
felt like they should. We put on two applications of Hypr-
Grow and within a week after the first application we saw 
a noticeable color improvement. About 30 days later, we 
put a second application on and were very pleased with 
the response, especially with the oats for production.”

“The oats just started growing and no leaf rust was pres-
ent in them,” he pointed out. “They yielded eight to 10 
ton per acre! The product was very reasonably-priced— 
only a $15 an acre investment for the two applications 
together. We felt like we got at least a three-ton per acre 
benefit from applying it.”

“I was also really happy Travis came out and we did soil 
testing together,” Lowe noted. “We did the Haney test 
and are learning that the nutrients we need are already 
in the soil and are adequate to produce really good 
crops—they are just tied up right now. We are going to 
work to release the right microbial activity by applying 
the right amounts of sugars and so-forth to enhance the 
land so it can reach its potential.”
The next step with Elevate Ag and the Lowes is work-
ing on composting and speeding up the breakdown of 
those nutrients to transform them into a plant-available 
form. Lowe could not be more excited to discover the 
product options and new ideas that will help make him 
more profitable and his current system even more effi-
cient and productive for the plants, livestock, and life 
within the soil below. 

At the Lowe farm, it is always about learning, some-
times from neighbors trying to save an orchard and 
sometimes from new resources that come along the 
way. Lowe said it can be both a humbling and reward-
ing process, “The best part of it is, the more you know, 
the more you know you don’t know.”
What he does know is, “The main thing is being on top 
of your recordkeeping and logging for each field if you 
are going to go organic. Know the nutrient values of 
your soil and develop a crop rotation that fits. We also 
always want to see something growing on our farm. If 
the viewpoints we are discussing today can be expanded 
upon, I am certain we can feed everyone.” 

By Kerry Hoffschneider 

Kerry is the Communications Manager for Soil 
For Hope and a freelance writer through her com-
pany, Word and Deed Communications, where 
she preserves the legacy of family farms through 
the written word.
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Seedling treated with Elevate Ag HyprGerm on the right, untreated on the left. 
Keeping the stomach of the plant healthy from the start is the key to balancing 
nutrition in the soil.

Photo by Travis K
raft
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SAVING CITRUS
Many of us take for granted that we can have a refresh-
ing glass of orange juice anytime we want, but there 
is a dire and growing threat to the US citrus industry. 
Huanglongbing (HLB), often called citrus greening, is a 
bacterial disease caused by Candidatus liberibacter that 
threatens to wipe out the entire Florida citrus industry, 
and similarly threatens citrus worldwide. This bacteria 
is spread by a little insect called the Asian citrus psyllid. 
Once infected, the vascular system of a tree plugs up, 
the fruit fails to ripen and remains bitter, the tree los-
es vigor and eventually dies. Huge areas of citrus have 
been completely killed by this disease, and the once 
enormous Florida citrus industry is in danger of being 
a thing of the past. 

The first line of defense attempted against this disease 
was to bombard orchards with insecticides to kill the 
psyllid before it spread HLB. Growers soon found that 
this was expensive and not very effective as it was eco-
nomically impossible to spray often enough to com-
pletely control the psyllid and the trees eventually be-
came infected. Even more expensive measures have 
been tried, such as placing cloth bags over small trees, 
antibiotic injections into the trees (which makes the 
resulting fruit unsaleable but may save the valuable 
trees). Nothing so far has been found successful, and 
HLB has marched along, leaving devastation all over 
the Florida peninsula.
But one small citrus grower may have found a solution 
to citrus greening, and the inspiration for that solution 
came in the form of a monstrous dead alligator. Ed-
ward James owns a small orange grove near Howey-in-
the Hills, FL, that was nearly dead a few years ago. Like 
other citrus growers, he was waiting for the “experts” to 
come out with a silver bullet that would save his trees. 
Edward was following orchard expert recommenda-
tions and practiced “sanitation” and “weed control” by 

keeping the orchard floors free of plant growth and de-
bris. Under this system, the soils were deprived of the 
tree leaves and twigs and the vital root exudates from 
understory vegetation that form soil organic matter and 
feed soil microbes. This barrenness along with heavy 
chemical applications made the soils lifeless and sterile 
but not atypical for a Florida citrus grove. A big alligator 
changed all of that! Edward recounted the story:

After we killed and butchered a huge 12-foot leathery 
hided invader, we buried the carcass in an orchard 
that was almost dead from HLB. I had been planting 
a few cover crops in this orchard to try and help the 
soil in preparation for the next crop as my trees were 
almost dead. But in the sterile and sandy soil, the cov-
er crops were only getting 6-8 inches tall—except for 
where we buried the alligator carcass. They grew 3-4 
feet tall and were dark green and vigorous! But more 
importantly, we noticed that the nearby orange trees 
seemed to be much less affected by the HLB and ac-
tually were starting to look “normal”! That is when it 
struck me: the solution to HLB is not some new, silver 
bullet spray or drug for the trees —the solution is in 
the soil itself !

 It is now becoming increasingly suspected that soil ste-
rility has predisposed citrus to HLB. It was noticed that 
trees growing in spots where vegetation control efforts 
had been unsuccessful were much less affected by HLB. 
It has also been noted that heavy doses of nitrogen fer-
tilizer seemed to make HLB symptoms worse. Edward 
observed these phenomena as well and noted that citrus 
trees growing in oak hammocks outside his groves were 
relatively unaffected by HLB. 
Based on his observations, Edward decided to reverse 
the “sanitation” trend and use practices to increase soil 
organic matter and biology. Of course, burying an alli-
gator every few feet in the orchard would be impracti-
cal! Compost could be a good alternative but the price 
of transporting and applying sufficient amounts proved 
uneconomical. Then he realized the solution was in 
what he was already dabbling with: planting cover crops 

An orange tree that is nearly dead from HLB (citrus greening) in bare soil.
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A fresh mowed cover crop in an orange grove reveals an understory of blooming 
buckwheat that can attract lady beetles and lacewings, predators of the Asian cit-
rus psyllid.
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in the orchard, supplemented with whatever organic 
materials he could acquire on the cheap, such as wood 
chips. The results have been surprisingly good and seem 
to be getting better every year.
Where his trees were almost dead, Edward now has al-
most normal trees with excellent citrus yields. Soil or-
ganic matter levels have gone from nearly zero up to a 
range of 3-5%—levels almost unheard of in hot, sandy 
Florida soils. Most importantly, his input costs are now 
a third of what is typical in citrus. No insecticides are 
sprayed. No more herbicides to keep the ground bare, 
rather his groves have a vigorous understory of cov-
er crops, many of which are nitrogen fixing legumes, 
which help to greatly reduce his need for fertilizer. 
Cover crops can help with HLB in multiple ways. One 
way is through providing nitrogen in the form of pro-
tein. The uptake of nitrogen in the form of nitrate (com-
mon with most fertilizers) seems to make the trees 
more attractive to the psyllid as sap-feeding insects are 
attracted to plants with high levels of nitrate. Legumi-
nous cover crops can provide much of the nitrogen 
needed by citrus orchards in the form of protein and 
amino acids, which are slowly converted by microbes 
into plant-available nitrogen so there is never a large 
dose of nitrate present for plant uptake.

Active soil biology may also stimulate the plants natural im-
mune system. The presence of benign organisms can trig-
ger a plant response called Systemic Acquired Resistance 
(SAR) that makes the plant more resistant to infection. It 
is also well known that many plant microbes, particular-
ly actinomycetes, produce antibiotics (almost all medical-
ly important antibiotics were originally derived from soil 
microbes) and that plants can take up antibiotics from the 
soil. Colonization with mycorrhizal fungi has been shown 
to facilitate transfer of SAR triggering compounds from 
plant to plant and may also facilitate the uptake of anti-

biotics from soil. Finally, there are some bacteria that are 
known to move from soil into the plant vascular system to 
consume other bacteria, including pathogens.
Cover crops may also be beneficial in managing the 
psyllid as well. Psyllids are preyed upon by spiders, lady 
beetles, and lacewings. Cover crops can attract an abun-
dant and diverse supply of benign insects that can feed a 
growing population of organisms that eat psyllids. Even 
the pollen and nectar of some cover crop plants, such as 
buckwheat, can provide an alternate food source to live 
prey for lady beetles and lacewings, and adults of these 
species seek out pollen rich environments for egg-lay-
ing. There is a parasitoid Tamarixia wasp that is specific 
to the psyllid, but cannot provide complete control, as 
it would eliminate its food supply. However, it may be 
a highly useful tool as part of a more comprehensive 
control program.
Diversifying orchards may also be a useful strategy. For 
example, a plant called orange jasmine is an alternate 
host of the psyllid but does not host the HLB bacteria. 
Therefore, it could be used to surround an orchard or 
be planted within an orchard to host psyllids that would 
not be infected with HLB and provide a food source for 
the Tamarixia wasp and maintain their population. The 
psyllids also may be repelled by Moringa trees or neem 
trees, which can also provide alternate income streams. 
Avoidance of insecticide use within the orchard is an-
other aspect of managing HLB. Insecticides applied on 
a frequent basis have not been effective at preventing 
HLB, but were effective at eliminating predators of HLB 
and in the long term may have made matters worse. 
One extra benefit of eliminating insecticide use with-
in the orchards may be that orange blossom honey, an 
important, historical ancillary product of citrus pro-
duction, may return. Since insecticide use has become 
so frequent in citrus orchards, honey bees are no lon-
ger placed in them, and thus we no longer get honey 
produced from citrus blossoms. Replacing insecticides 
with cover crops just might make it possible to keep or-
anges, orange juice, grapefruit, lemons, limes, and or-
ange blossom honey on the table!
While most of us do not grow citrus or battle HLB, we can 
all learn from the principles that Edward is successfully 
applying to his orange groves. Edward is now promoting 
his system and cover crops to other citrus growers.

Saving Citrus

Edward James is an innovative citrus grower and 
citrus consultant located at Howey-In-The-Hills, 
FL. He can be contacted at (352) 406-4691 or 
EdwardJames86@Outlook.com

Healthy orange tree with a radish-dominated cover crop mix growing below.
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MILPA
The Milpa technique originated in Central America 
where the Mayans used a mixture of corn, squash, and 
beans to improve the soil and grow food. At Green Cov-
er we went beyond the three sisters and compiled a mix 
of over 40 different seeds. This is an excellent way to 
utilize a small portion of land to produce food without 
going through the hassle of tillage, weeding, and hours 
of planning. 
The modern Milpa concept was launched in 2017 with a 
partnership between Green Cover and the Farm to Food 
Bank project in Oklahoma. Green Cover donated Milpa 
garden seed to several regenerative farmers throughout 
Oklahoma who partnered with the Regional Food Bank 
of Oklahoma. The simplistic beauty of the system is that 
all the seeds were mixed together and drilled with a reg-
ular grain drill, turning a small field into a large garden 
with very low labor inputs. 

Green Cover provided the seed mixes which included 
fresh greens (turnips, collards, mustard), root vegeta-
bles (radish, turnips), legumes (cowpeas, mung beans, 
black beans), and vine crops (squash, melons, cucum-
bers, pumpkins). The gleaning efforts were a true com-
munity effort with members from various community 
groups all pitching in to help feed their community. In 
2017, about 6,800 pounds (about 5,440 meals) of fresh, 
healthy fruits and vegetables were donated from these 
gardens to the Regional Food Bank of Oklahoma. The 
Milpa gardens not only provided fresh and healthy food 
to these local communities, but helped build commu-
nity relationships as well. These gardens also served as 
a diverse cover crop mix to help improve soil health, 
water quality, and habitat for pollinators and wildlife on 
these farms.
Ryan and Jennifer Speer of Sedgwick, KS are Milpa gar-
den veterans having grown tons of produce each of the 
last few years for their local community. “A typical gar-
den is fairly high maintenance but the Milpa garden is 
plant it and forget it,” notes Ryan. “Since there are no 
neat, straight rows, harvesting is hard work. “It’s kind of 

like a scavenger hunt. The yellow squash and pumpkins 
show up really nice but the green cucumbers are real-
ly hard to see in there. When the Milpa really starts to 
produce, we’ll start getting 2-5 laundry baskets of vege-
tables every other day.”

FIRST ACRE PROGRAM
At Green Cover, we believe that with healthy soils we 
can grow healthy plants, which will produce healthy 
food, which will build healthy people, families, and 
communities. With that in mind, we will donate an acre 
of highly diverse Milpa garden seed to anyone who is 
working with their local food bank or resource center 
to help feed and build their local community! So for the 
benefit of your community, consider adding a little bit 
of Milpa to your already chaotic life! Also, if you would 
like to participate in this program but do not have a 
farm, go to www.milpagarden.com and you can pur-
chase an acre of seed and we will ship it to a farmer who 
is willing to donate the land and the labor to bring the 
produce to fruition.
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Visit www.milpagarden.com to get all the information  
and to order seed or participate in the first acre program!
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“The kids absolutely love 
going in and picking the 

stuff - it’s like a scavenger 
hunt in the jungle.” 

   - Dale Strickler

TESTIMONY

SWISS CHARD

The Milpa Garden mix 
is a great way to get 
many different kinds 
of unique produce by 
utilizing a small 
portion of land without 
going through the 
hassle of tillage, 
weeding, and hours of 
planning. It also provides 
a wonderful opportunity
to help your community.

MIX 

1) Attracts beneficial insects and pollinators.  
2) Increases microbial diversity and activity in soil. 
3) Improves soil and water health. 
4) Provides excellent habitat for birds and wildlife .
5) Leverages the power of diversity in a single planting. 
6) Cycles, sequesters and shares nutrients between plants. 
7) Grows nutritious food while improving the environment.  

BENEFITS:

PUMPKIN

OKRA
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THE HANEY SOIL TEST
If regenerative agriculture is a paradigm shift in agri-
cultural production and management, then we can no 
longer rely on testing procedures and protocol from the 
past. Traditional soil tests and the ensuing fertility rec-
ommendations are based on extensive testing and re-
search of largely tillage based, monoculture, high-input 
farming systems. These standard tests rely almost en-
tirely on soil chemistry and are tied to the nutritional 
needs of the plant , ignoring the impact of soil biology.

While these tests were and still are valuable for tradi-
tional management systems, they fall woefully short in 
testing and advising in a no-disturbance, high diversi-
ty, biologically active system. Rick Haney, a USDA ARS 
researcher based in Texas, recognized these limitations 
many years ago and developed a new soil test proce-
dure that is custom made for soil health! One of Haney’s 
observations was that commercial soil testing was not 
testing for water, which is nature’s soil extractant. There 
was also no emphasis on soil microbes which are living 
aquatic creatures that take in oxygen and release carbon 
dioxide, which are processes that can be measured. The 
capacity of the microbes to provide nutrients to plants 
rather than simply measuring the amount of nitrogen in 
the soil is the ultimate factor this test strives to measure.
The Haney Test includes more than a dozen different 
soil-test values, including standard macro- and mi-
cro-nutrients for plant consumption, but the rest of the 
Haney test centers on three unique parts:
First is an evaluation of plant-available nutrients using 
a soil extractant called H3A, which is made up of three 
different organic acids that plants naturally produce and 
release to the soil. This method of nutrient extraction 
mimics organic acids produced by living plant roots to 
temporarily change the soil pH, thereby increasing nutri-
ent availability. These organic acids are then broken down 
by soil microbes since they are an excellent carbon source, 
which returns the soil pH to its natural, ambient level. 

The second part of the Haney Soil Test is a measure-
ment of water-extractable organic carbon and nitrogen, 
which measures the portion of organic matter that dis-
solves in water and therefore is more accessible to soil 
microbes. The measured C:N ratio is then used to make 
general cover crop recommendations.
The third part is a measure of soil respiration as an 
indicator of microbial biomass and potential activity. 
Using a Solvita burst test, CO2 release levels are mea-
sured. Carbon dioxide release is generally regarded as 
an accurate indicator of biological attributes favoring 
healthy, functioning soil. Depleted soils tend to have 
very low CO2 emissions while healthy soils have high 
release in this test.

The Haney Soil Test also provides a Soil Health Calcu-
lation, which combines the water-extractable organic 
carbon and nitrogen results with soil respiration. While 
there is no threshold that indicates high soil health, an 
increase in the number over time indicates improving 
soil health. This score can be used to compare that spe-
cific soil location’s results over time or to compare re-
sults between different site management practices. The 
goal is to improve the soil health score by utilizing soil 
health practices such as diverse rotations, no-till, and 
cover crops. The value of the Haney test is to determine 
a baseline of soil health for that location. It is important 
to standardize the time of year and crop rotation when 
comparing over time. Initial discretion should be used 
when following the nutrient quantity available for the 
next crop recommendations shown on the Haney test. 
Until you get some experience using and reading this 
test, use small test strips to compare the Haney nutri-
ent rate to your normal fertilizer rate before committing 
large acreages. 
More information on this test can be found at  
www.wardlab.com or www.regenaglab.com.
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UNLOCKING THE SOIL MICROBIOME
Most farmers have had the miserable experience of hav-
ing a crop wiped out by a soil-borne disease that showed 
up seemingly out of nowhere. A group of California 
vegetable farmers fighting soil diseases and facing the 
phase-out of their trusted soil fumigant helped launch 
a new and innovative soil testing company, Trace Ge-
nomics. Taking advantage of newly emerging discover-
ies in DNA sequencing that allows a farmer to peer into 
the genetics of the soil microbiome, Trace Genomics 
was able to identify fields that were susceptible to soil-
borne disease so that proactive management measures 
could be taken.

Trace Genomics offers traditional soil testing, but with 
an added layer: a detailed analysis of the microbial pro-
file, including a listing of pathogens present in the soil. 
Growing from the vegetable fields of California to the 
corn and soybean fields of the Midwest and now a high-
tech lab in Ames, IA, Trace Genomics testing enables 
farmers to know what diseases are present in the soil 
before a crop is planted, so they can choose crop species 
or varieties that are resistant to that disease or take oth-
er preventative measures.
The information from the analysis can be specific to 
the intended crop. For soybeans, a population densi-
ty can be given for pathogens that include Pythium, 
Phytophthora, and Rhizoctonia (all causes of seed 
rots, root rots, and damping off), Sclerotinia sclerotio-
rum (white mold), Macrophomina phaseolina (brown 
stem rot), Colletotrichum graminicola (anthracnose), 
Fusarium graminearum (charcoal rot), Fusarium vir-
guliforme (sudden death syndrome), and Diaporthe 
(Phomopsis seed blight). For corn, you can get the 
levels of Pythium, Rhizoctonia, Fusarium root rot and 
pink ear rot, Cercospora (grey leaf spot), Clavibacter 
michiganensis (Goss’s wilt), Colletotrichum gramini-
cola (anthracnose leaf blight), Fusarium verticillioi-
des (Fusarium leaf scorch), Pantoea stewartii (Stew-
art’s bacterial wilt), Penicillium Penicillium oxalicum 
(Blue eye), Ustilago maydis (common smut), and 
Xanthomonas vasicola (bacterial streak). This infor-
mation can be provided for dozens of crops, including 
specialty crops.

This information can be extremely valuable to making 
crop rotation decisions. For example, potato farmers 
commonly rotate away from potatoes for a number of 
years to reduce the amount of potato pathogens in the 
soil, particularly potato scab. This period is often three 
or four years; the longer the period, the more reduc-
tion in scab there will be. But since potatoes are often 
the most profitable crop in the rotation, economics dic-
tate that potatoes be grown as often as possible, without 
risking crop loss to scab. Rather than just guessing, how 
useful would it be to actually know what the scab level 
is before deciding to plant potatoes?

The analysis also gives a glimpse into other soil functions 
governed or revealed by microbes, such as an assess-
ment of aerobic versus anaerobic microbes, phosphorus 
solubilizing microbes, carbon mineralizers, and nitrify-
ing and denitrifying microbes. At Green Cover, we find 
these measures to be as intriguing as the pathogen pro-
file, because many of them are excellent measures of soil 
function that improve as soil health improves. For ex-
ample, we know that phosphorus availability improves 
in a healthy soil, but in the past we did not know how to 
predict how much more availability there may be. Per-
haps a means to measure the abundance of phosphorus 
solubilizing organisms may give us this ability someday.
What is really exciting is that the applications that are 
yet to be discovered are likely much greater than the ap-
plications we currently know! How much more of the 
soil microbiome can we unlock and understand in the 
next 10 years? How will that change agriculture and 
possibly the world? It’s very exciting to think about and 
companies like Trace Genomics are leading the charge!
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Want to learn more? Check out the video of our webinar with 
Trace Genomics on our Green Cover Seed YouTube channel.

If you are interested in obtaining a test for your soil, you can 
contact Trace Genomics at www.tracegenomics.com.
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HEAL THE SOIL TO SOLVE THE BEE PROBLEM
We often hear about pollinator declines but the issue 
is much bigger than just a bee problem. Many habitats 
and groups of plants and animals are undergoing range 
constrictions, displacements, or threat of extinction. It 
is tempting to isolate the bee issues and just focus on 
reducing pesticide use, increasing bee forage, and im-
proving bee resistance to disease. But if we don’t solve 
the deeper problem with our food production system, 
the bees are going to continue to die.

Representing 34% of the 
land surface, agroecosys-
tems are the largest biome 
on planet Earth. Because of 
the scale, it is arguable that 
decisions made on these 
acres affect nearly every 
other habitat and species 
on the planet either direct-
ly or indirectly. Diversi-
ty within agroecosystems 
has greatly declined and 
there are consequences to 
this simplification. Corn, 

soybeans, and cotton are planted on 9% of the land sur-
face of the United States. The majority of these acres are 
genetically modified to resist pests, treated with herbi-
cides, maintained with chemical fertilizers, and treated 
with neonicotinoid seed treatments. These inputs are the 
only way that these simplified systems can remain pro-
ductive. We have replaced biodiversity with technology.
In my exploration for answers, I have discovered some-
thing that is both amazing and gives me a feeling of 
hope. I have come to see that nearly every major prob-
lem that we face as society can be reduced or solved 
entirely through better management of our food pro-
duction systems. 
Farm productivity and environmental health can be 
fostered with two simple concepts: increase diversity 
and reduce disturbance. Disturbance means things like 
reducing or eliminating tillage and pesticide use. Biodi-
versity can accomplish many of the things we rely on in-
puts for in our current paradigm. Fertilizer comes from 
animals and plant matter. Predators and competition 
are nature’s insecticides. Herbivores and competition 
are nature’s herbicides. The importance of plant diversi-
ty in and near farmland cannot be overstated.
Food production in nature’s image is not simply in my 
imagination. There are producers around the country 

that are already making money by doing this. I don’t 
need a crystal ball to see the future of farming. I can 
go to the farms where the future is already happening. 
Although every region and farm operation differs in its 
circumstances, the principles of soil health are the key 
elements to ecologically based farming.
We require a fundamental shift in food production. 
Transformation of this nature does not come from the 
government or from research institutions, but from the 
bottom up. It comes from the farmers and the beekeep-
ers and the ranchers themselves. And it is happening 
right now. To support this incredible innovation, I have 
a vision for the future. A network of research, educa-
tion, and demonstration farms across the country. This 
network would link the top agroecologists in the world 
with the leading producers in regenerative agriculture to 
create centers for excellence in biodiverse farming. This 
network could respond to local needs and circumstanc-
es to be as relevant as possible, while upholding the cen-
tral philosophies and practices of regenerative agricul-
ture. And this network of farms would also be learning 
centers where the next generation of students, farmers, 
and scientists can learn and see the new paradigm in 
food production. The first of this network is Blue Dasher 
Farm and we need your help to expand the vision! Visit 
www.bluedasher.farm to see how you can get involved. 

In summation, we can produce food AND conserve the 
environment. I have seen it. And I will devote the rest 
of my life to supporting it. It is the right thing to do and 
the right time to do it. Heal the soil, and we aren’t going 
to have a bee problem anymore.

By Dr. Jonathan Lundgren
Dr. Jonathan Lundgren is the director of Blue Dasher 
Farm and Ecdysis Foundation where they conduct re-
search, education and demonstration to support the 
regeneration of agriculture. Join their team and con-
sider donating to this innovative and important work.

Email him at jon.lundgren@bluedasher.farm or visit www.ecdysis.bio/donate
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PLANT HEALTH PYRAMID
Optimal Nutrition Enables Advanced Function in Plants

As soils and crops transition with regenerative farm-
ing practices, they pass through stages of increasingly 
better health. The progression to better health restores 
the natural and biological abilities of the plant and soil 
system. During this process, plants will demonstrate in-
creasing immunity to soil and airborne pathogens, bet-
ter resistance to insects, improved production of lipids 
leading to stronger cell membranes for tastier fruit with 
better shelf life, and more. 
Levels 1 and 2 of plant health are purely a function 
of nutritional integrity and are usually not difficult to 
achieve with most crops and most soils, especially when 
we have the opportunity to use foliar applications of 
plant nutritional supplements. On most crops, we usu-
ally expect to reach level 1 and level 2 in the first 3-4 
months.
Level 1: Complete Photosynthesis

The volume of photosynthesis increases any-
where from 150-600% and the carbohydrate pro-
file changes to be composed of a high propor-
tion of complex carbohydrates with low levels of 
non-reducing sugars in the plant sap.
Plants develop resistance to soil-borne fungal 
pathogens such as Verticillium, Fusarium, Rhi-
zoctonia, Pythium, Phytophthora, and others.
Plants require adequate levels of magnesium, 
iron, manganese, nitrogen, and phosphorus* to 
reach this stage of heath.
*Phosphorus is not directly involved in photosynthesis but 
is needed for photosynthate metabolism with the increased 
sugar production.

Level 2: Complete Protein Synthesis
The plant begins converting all of the soluble ni-
trogen compounds to amino acids and complete 
proteins so that 100% of the nitrogen in the plant 
is converted to a complete protein in every 24-
hour photo cycle. The result is there are no ni-
trates and no ammonium remaining in plant sap 
in every 24-hour photo period.
Plants become resistant to insects with simple 
digestive systems, especially larval and sucking 
insects such as tomato horn worms, cabbage 
loopers, corn borers, corn ear-worms, aphids, 
leafhoppers, white flies, and thrips.
Plants require adequate levels of magnesium, 
sulfur, molybdenum, and boron* to reach this 
stage of health. 
*Boron is not directly involved in protein synthesis but con-
tributes additional pest resistance.

Levels 3 and 4 are not as straightforward to accomplish 
as the first two levels. In order to get to level 3, it is im-
perative that we have a healthy, vigorous soil digestive 
system capable of providing a majority of the plant’s nu-
tritional requirements. Without this microbial digestive 
process in place, the plants will never have the surplus 
energy required to achieve high levels of lipid produc-
tion and energy storage.
Level 3: Increased Lipid Synthesis

Plants begin absorbing the majority of their nu-
trition in the form of microbial metabolites, 
which are extremely energy efficient, and they 
begin storing surplus energy in the form of lipids.
Plants develop increased resistance to all of the 
airborne fungal and bacterial pathogens—such 
as downy mildew, powdery mildew, late blight, 
fire blight, rust, bacterial speck, and bacterial 
spot—which land on the leaf surface and release 
pectolytic enzymes. This resistance is due to the 
waxes and oils on the leaf surface serving as a 
shield to prevent the enzymes from working.

Plants require a very aggressive plant microbi-
ome in the rhizosphere to begin absorbing the 
majority of their nutrition in the form of micro-
bial metabolites to reach this stage of health.
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Take John Kempf’s in-depth course on the  
Plant Health Pyramid at www.academy.regen.ag
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Level 4: Increased Plant Secondary Metabolite 
Synthesis

The plant’s immune pathways (SAR and ISR) are 
triggered by microbes in the plant’s microbiome, 
both in the rhizosphere and the phyllosphere, or 
by other immune triggers resulting in increased 
concentrations of immune compounds and plant 
secondary metabolites
Plants develop increased resistance to the entire 
beetle family including Japanese beetles, corn 
rootworm beetles, squash bugs, Colorado pota-
to beetles, cucumber beetles, and marmorated 
stink bugs, nematodes such as root rot nema-
todes, and viruses.

Plants require the correct microbes in the plant 
microbiome to trigger the immune response to 
reach this stage of health.

In the first two levels of the Plant Health Pyramid™, 
changes are taking place in the plant chemistry. The 
third and fourth stages involve changes in biology and 
are only achieved through regenerative agriculture. 

By John Kempf 

John Kempf is the founder of Advancing Eco Agri-
culture, a plant nutrition and biostimulants con-
sulting company. A top expert in the field of bi-
ological and regenerative farming, John founded 
AEA in 2006 to help fellow farmers by providing 
the education, tools, and strategies that will have 

a global effect on the food supply and those who are growing that sup-
ply. John is the host of the Regenerative Agriculture Podcast, where he 
interviews top scientists and growers about the science and principles 
of implementing regenerative agriculture on a large scale. 

Go to www.advancingecoag.com to get all of the details.
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If you are interested in learning more about Regenerative Agricul-
ture but are tired of all the garbage on social media, then check 
out KindHarvest, an all-in-one resource and community for regen-
erative agriculture. 

If you want to be part of this community of farmers, educators, scien-
tists, agronomists, and ranchers then visit kindharvest.ag/welcome.
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RHIZOPHAGY
Plants Farming Their Own Microbes!

Over the past few years it has become clear that plants 
use their roots to cultivate soil microbes as well as ex-
tracting nutrients from them. This nutrient extraction 
process was outlined in 2018 in an article published 
online in the journal Microorganisms1. The process is 
called the ‘rhizophagy cycle’ (pronounced ‘rye-zo-FAY-
gee’). In the rhizophagy cycle, microbes cycle between 
the soil and a phase inside root cells. Microbes provide 
nutrients to plants in two ways: 1) microbes acquire nu-
trients (nitrogen, phosphorus, zinc, etc.) in the soil—
and these nutrients are extracted directly from microbes 
inside root cells through exposure to plant-produced 
superoxide in root cells—causing leakage from nutri-
ents from microbes; 2) microbes go into the soil and 
solubilize soil nutrients (potassium, sulfur, boron, etc.) 
and these nutrients are absorbed by plant roots from the 
soil solution. It has been estimated that rhizophagy cy-
cle microbes may provide 30% or more of mineral nu-
trients needed by plants.

Plants ‘Farm’ Soil Microbes in the Rhizophagy Cycle
The rhizophagy cycle works like this: Initially microbes 
grow on the root in a zone outside the root tip meri-
stem where roots secrete exudates (carbohydrates and 
other nutrients) to cultivate them (Figure 1). Microbes 
are absorbed into root tip meristem cells located within 
the periplasmic spaces (the space between the cell wall 
and plasma membrane) (Figure 2). In the periplasmic 
spaces of root cells, microbes are doused with superox-
ide by the root cell, and this strips the cell walls from the 
microbes causing them to become naked protoplasts. 
The naked protoplasts of microbes are then circulat-
ed around the root cell in a process called cyclosis. It is 
thought that this constant circulation of microbes with-
in root cells is a way to increase the flow of nutrients 
into root cells from the microbes. Superoxide produced 

by root cells degrades some of the microbes and induc-
es nutrient leakage from the microbe cells by damaging 
the microbe cell membranes. Bacteria in root epider-
mal cells trigger root hair elongation, and as hairs elon-
gate, microbes are ejected from root hair tips (Figure 3), 
reforming cell walls as they emerge back into the soil 
where they may obtain additional nutrients. This sus-
tainable cycle occurs in all root tips of plants. Plants like 
grass crops (wheat, rice and corn) with fibrous roots 
and many root tips obtain more nutrients from the rhi-
zophagy cycle than plants with fewer root tips.

What Does This Mean for Agriculture? 
The rhizophagy cycle shows that plants develop an in-
timate connection with microbes, to the extent that 
microbes enter into the plant root cells themselves. In 
addition to plants obtaining nutrients, the rhizophagy 
cycle microbially suppresses plant pathogens in soils 
and increases the oxidative stress tolerance in plants. 
Basically, the rhizophagy cycle results in healthy plants, 
and without it plants may be poorly developed and 
more susceptible to disease and stress. While the rhi-
zophagy cycle usually functions automatically in plants, 
it emphasizes the need to manage soils to maintain soil 
health, including the many microbes that live in healthy 
soils. Further, the rhizophagy cycle is also a process 
where nitrogen fixation from the air could happen in 
root hairs. Future work on the process could result in 
cereals and other plants that produce their own nitro-
gen as in legumes, reducing the need for nitrogen fertil-
izer applications.
Is There Something We Should Do Differently Now?
We should encourage functioning of the rhizophagy cy-
cle by increasing microbial activity in the soil with organ-
ic amendments. It is possible to suppress the rhizophagy 
cycle by use of sterilized or chemically treated seeds that 

Figure 1. The root of Phragmites australis - “common reed grass” - with a cloud of 
bacteria around the root tip where bacteria enter root cells
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Figure 2. Corn seedling (A) and bacteria (arrows) within root cells in B and C.
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remove or inhibit the symbiotic microbes on seeds. This 
is what happens in cotton where seeds are treated with 
acids that kill symbiotic microbes leaving seedlings that 
grow poorly and are vulnerable to diseases. 
Why Are Regenerative Farmers Interested in the 
Rhizophagy Cycle? 
The dogmatic prevailing view of plant nutrition has been 
that plants only absorb into their roots inorganic nutri-
ents (like nitrates or phosphates) that are soluble in soil 
water. However, organic farmers have long believed that 
increasing organic material in soils results in better plant 
growth, and that plants somehow get nutrients from the 
soil organics. The rhizophagy cycle shows how plants 
get nutrients from organic materials added to soils in 
providing a linkage between soil organic material, soil 
microbes, and plants. In the rhizophagy cycle, microbes 
go from plants into the soil, acquire nutrients of vari-

ous kinds, and carry nutrients back to plants, enter plant 
root cells where plants oxidatively extract nutrients from 
microbes, then plants deposit microbes back into the 
soil from tips of root hairs to continue the cycle.
Not only is the rhizophagy cycle more evidence that 
healthy soils with diverse microbes and organic mate-
rials are better for plants, but also microbes that vec-
tor on seeds are important. Many of the seed microbes 
function in the rhizophagy cycle, so we want to con-
serve the microbes on seeds. In addition, we may be 
able to learn how to manage the rhizophagy cycle so 
that we can increase plant growth significantly, while 
reducing use of inorganic fertilizers. Some of the rhi-
zophagy microbes increase growth of their particular 
host plants, but inhibit growth of other plant species. In 
view of this, we may be able to develop these microbes 
into ‘bioherbicides’ to favor growth of some plants, but 
inhibit weedy plants. In the future it may be possible to 
cultivate plants using only microbes to increase plant 
growth, while suppressing diseases and weeds. 
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Figure 3. Tall fescue root hair showing brown stained bacteria within hair and blue-
stained bacteria after ejection from hair tip.

By James F. White, Jr. • Professor of Plant 
Pathology at Rutgers University

Dr. White specializes in symbiosis research, par-
ticularly endophytic microbes. He is the author 
of more than 180 articles, and author and editor 
of reference books on the biology, taxonomy, and 
phylogeny of fungal endophytes.
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THE PHOSPHORUS PARADOX
Phosphorus (P) is central to all stages of the growth 
and development of plants. In healthy, diverse natural 
ecosystems such as native prairie, plants obtain all the 
phosphorus they need through associations with bene-
ficial soil microbes.
The application of water-soluble phosphorus, such as 
found in superphosphate, MAP, DAP, and various for-
mulations of NPK, creates a disconnect between plants 
and the soil microbiome. Plants will only photosynthe-
size as much as they need to. If we apply phosphorus in 
a readily available form it makes them lazy. Would you 
bother cooking if someone was preparing all your meals?

Plants supplied with high rates of water-soluble phos-
phorus have shallow roots, exhibit impaired root hair 
development, produce low volumes of exudates, and fail 
to form adequate relationships with phosphorus-solu-
bilizing fungi and bacteria. Vigorous root systems and 
close relationships with soil microbes are essential for 
maximising the ability of crop and pasture plants to 
obtain not only phosphorus, but also water, organic ni-
trogen, potassium, sulphur, calcium, magnesium, and 
a wide variety of trace elements including copper, zinc, 
boron, manganese, selenium, and molybdenum.
Many of these elements are essential for resistance to 
pests and diseases and resilience in the face of climatic 
extremes such as drought, waterlogging, and frost. They 
are also essential to the health and wellbeing of people 
and livestock.
In addition to causing mineral-deficient plants and an-
imals, reduced rates of root exudation due to excessive 
phosphorus application result in less carbon for the 

maintenance of soil structure. The long-term result is 
destabilization of soil aggregates, loss of porosity and 
water-holding capacity, reduced aeration, and increased 
soil compaction.
Indeed, it would be hard to find anything positive to 
say about phosphorus fertilizer. So why do we use it? 
Most commonly, it is because a test of ‘available P’ has 
indicated that soils are deficient. But how useful are 
these tests?
What Does a Standard Soil P Test Tell You?
Tests of ‘available P’ include Mehlich 1, Mehlich 3, Bray 
1, Bray 2, Morgan 1, Resin P, Olsen P, and Colwell P. The 
reason there are so many different tests is that the amount 
of phosphorus that can be chemically extracted from soil 
varies according to parent material, texture, organic mat-
ter content, management history, and pH. For example, a 
test developed for an acid soil will not be appropriate for 
an alkaline soil. If all the tests were applied to the same 
soil sample, they would give different results.
Not only do different chemical tests yield different 
results, but levels of ‘available P’ vary quite markedly 
over the course of a year, even when the same method 
of chemical extraction is used. There is also large vari-
ation between different tests over time, some of which 
may show levels of available phosphorus are increas-
ing while others show levels are declining—on the 
same sample of soil.
Most importantly, chemical extractions for ‘available 
P’ indicate somewhere between 1.5% and 5% of the to-
tal amount of phosphorus that is actually present. And 
none of them indicate the amount of phosphorus that 
can be solubilized biologically.
The Truth About Soil Phosphorus
Phosphate, the form of phosphorus used by plants, is a 
highly reactive negatively charged compound that forms 
strong bonds with positively charged soil minerals. 
Where pH is below 7, phosphorus adsorbs to iron, alu-
minum and manganese oxides and/or forms iron, alu-
minum, or manganese phosphates. Where pH is above 
7, it will bond with calcium to form calcium phosphate 
or calcium triphosphate. Inorganic phosphates are not 
water-soluble and in the absence of microbial activity 
are not plant available.
Phosphorus also occurs in a range of organic forms. The 
term ‘organic’ means bound with carbon. The principal 
forms of organic P are inositol phosphates (mostly phy-
tate). Other forms include phospholipids, nucleic acids, 
and glycerol phosphates. Organic phosphates are com-
plex molecules and not readily taken up by plants.

Sunflower, phacelia, daikon radish, oilseed radish, linseed, buckwheat, crimson clo-
ver, spring vetch. No fertilizer. 8 species, 6 plant families.
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The inorganic and organic pools together account for 
around 95 to 99% of the total phosphorus in soils. These 
forms of phosphorus do not show up on a standard test 
of ‘available P’. Basing fertilizer decisions on tests of 
‘available P’ is an imprecise science, and because phos-
phorus is so reactive, most of the applied fertilizer rap-
idly moves to the unavailable pool and cannot be ac-
cessed by plants anyway.
In warm moist soils, water-soluble forms of phosphorus 
fertilizer can become ‘fixed’ within two to six hours. In 
cold or dry soils the process may take several months, 
but will still happen. The end result is that only around 
10-15% of applied phosphorus is taken up by plants in 
the year of application. The remaining 85-90% is added 
to the soil phosphorus bank.
Many sources of mined phosphate rock contain high 
concentrations of toxic heavy metals such as cadmium, 
lead, and mercury. These can accumulate to dangerous 
levels in soil to which phosphorus fertilizer is repeatedly 
applied, to the point where food or forage produced in 
these soils is not fit for human or animal consumption.
The bad news doesn’t stop there. Because phosphorus is 
highly reactive, fertilizer remains in the top one to two 
inches of the soil. This zone is prone to drying, making 
it difficult for plant roots to access. Fertilizer that has 
accumulated in surface soil can also be easily transport-
ed to waterways if unprotected topsoil is lost through 
erosion, causing off-site pollution and eutrophication.
Reconnecting Plants and Soil Microbes
Adequate levels of both inorganic and organic phos-
phate are usually present in soils but need to be solu-
bilized into forms such as orthophosphate for plant up-
take (Fig. 1). It has been estimated that up to 50% of soil 
bacteria are able to solubilize phosphorus. Hence the 

question we need to ask is not “how much P do I need 
to apply?” but rather, “what do I need to do to activate 
soil microbes, to access the P already in my soil?

Beneficial microbes function most effectively in diverse 
assemblages of different species. These assemblages 
form more readily in diverse plant communities. In low 
diversity crops, pastures, and horticulture, the soil mi-
crobiome becomes so simplified it can no longer func-
tion effectively.
Plants themselves also possess the ability to produce 
compounds that solubilize phosphorus. This attribute 
varies between species and even cultivars. Some plants 
in the grass family are able to extract P bound in organic 
matter by releasing enzymes into the rhizosphere, while 
some forbs produce organic acids such as malic and cit-
ric acids that release the phosphorus bound in the min-
eral pool (inorganic P). Root exudates from buckwheat, 
for example, can solubilize P, making it available for the 
plant itself and also for other plants.
The more diversity we can restore to agricultural sys-
tems, the greater the opportunities for activating soil re-
serves of phosphorus. The varieties of plants used in the 
mix don’t all have to be what you might consider high 
biomass. Sub-dominant species (such as linseed/flax) 
punch well above their weight in terms of stimulating 
the soil microbiome. The important factor is to have 
representatives from at least four different plant fami-
lies. Twelve species from one family - for example twelve 
different grasses - or even six grasses and six legumes 
- will not provide as much functionality as two or three 
species from each of four different plant families.

Figure 1: Most of the phosphorus in soils is in the insoluble inorganic and organic 
forms, shown on the left, with only a small percentage being in forms directly avail-
able for plant uptake. Microbes are front and centre when it comes to solubilizing 
this phosphorus and making it plant available.

From: Richardson & Simpson (2011). Plant Physiology 156: 989-996.
Buckwheat, phacelia, linseed, spring vetch, crimson clover, sunflower, oilseed rad-
ish, daikon radish. No fertilizer. 8 species, 6 plant families. Farmer reported best 
follow-on wheat crop ever grown.

By Christine Jones, Ph. D

A native of Australia, Christine has rapidly be-
come one of the most sought after Soil Health 
speakers in the world and has been wildly popular 
on the United States Soil Health speaking circuit. 
We count it a blessing to call her a mentor and a 
good friend of Green Cover. 

For further information, visit www.amazingcarbon.com.
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BIOLOGICAL INOCULANTS
The newest frontier in agriculture, and one of the most 
controversial, is the use of microbial inoculants. Many 
people have a healthy skepticism when it comes to bi-
ological products; there are thousands of them on the 
market and it is hard to sort out good products from 
“snake oil”. Although some people doubt the effective-
ness of microbial products, there is abundant evidence 
that at least some of these products are quite useful. 
How do you tell if a product is useful or not? Here are 
some tips for evaluating biological products.
What is in it? Most biological products will have the 
organisms contained on the label. Find out what is 
in it, and also the concentration of organisms in it. 
Some products are measured in CFU/ml, or “colony 
forming units per milliliter”. For example, one prod-
uct may have Bacillus subtilus in a concentration of 
104 CFU/ml and a price of $10 a gallon while another 
may have a concentration of 1010 CFU/ml at a cost 
of $20 a gallon. While many people would buy the 
product with the cheaper price per gallon, the second 
product has a million times (literally) more bacteria 
than the first one!
Educate yourself. A powerful tool for self-education 
is something called “Google scholar”. Go to www.goo-
gle.com and type “scholar” in the search bar. It takes 
you to a specialized search engine that only searches 
scientific literature. You can easily find out what a par-
ticular microbe can do, and what research has been 
done on that microbe.
Do your own research trials. Don’t wait for or take 
anyone else’s word on it, try it out yourself on a small 
scale. There are right ways to do research, and wrong 
ways. Don’t just put a plot out and look at it, make the 
effort to measure production. Do multiple replications, 
not just a simple side by side as field variability, condi-
tions and history can skew these results. Multiple repli-
cations are a means of improving the validity of a trial; 
four replications are much better than just one, a dozen 
is better than four. Make sure that everything is done 
equally on the plots other than the absence or presence 
of the biological product. Observe frequently and look 
for factors and events that may influence yield, either 
because of the product or in spite of it.
What is the yield increase needed to justify the ex-
pense? Obviously, a product that costs $3 per acre is 
much easier to justify than one that costs $45 an acre. 
Microbial products range from less than $1 per acre to 
ones costing over $100 per acre.

Context. Is the product being put in situations in 
which it would provide benefit? There is no point in 
applying a nitrogen fixing inoculant in a situation 
with high nitrogen fertility already. There is no use in 
putting a microbial inoculant on soil if you are not 
going to protect those microbes with surface soil cov-
er and feed them with decaying crop residue or root 
exudates. Likewise, soils that are already very healthy, 
such as properly grazed native rangeland or long-
term regenerative farmland may not show a response 
to most inoculants at all. The best situation for bio-
logical inoculants is to put them in a soil that needs 
them, then provide the conditions the microbes need 
to function and survive afterwards.
Biological Products
Because plant and biology are so closely intertwined 
and are highly dependent on each other, we offer a short 
line-up of biological products. We evaluate these prod-
ucts ourselves and only sell what we use on our own 
farming operation. We turn down the opportunity to 
sell far more products then the few that we have chosen.
Rhizobium inoculants are species-specific bacteria 
that form a symbiotic relationship with legume plants 
to convert atmospheric nitrogen into plant available 
forms. While all rhizobium inoculants begin losing via-
bility after being applied to the seed, some drop off fast-
er than others. Some strains, like the pea/lentil/vetch 
type are much more fragile than others, such as the very 
hardy soybean strain. While different legumes require 
specific strains of bacteria, some formulations, such as 
Micro Noc Multi Spectrum contains multiple bacte-
ria species and is often the most economical choice for 
small orders with multiple legume species. Rhizobium 
inoculants are notoriously fragile and should not be al-
lowed to dry out or be exposed to sunlight or high tem-
peratures (over 90°F) for any length of time. We store 
our inoculants in a climate-controlled room where the 
temperature never exceeds 70°F to ensure best inocula-
tion success possible. 
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Exceed Peat by Visjon Biologicals is a very econom-
ical inoculant with no extenders and thus a relatively 
short efficacy window after application. These prod-
ucts should be applied close to planting time, preferably 
within a few days. This is the product we use if a cus-
tomer wants to mix inoculant with the seed themselves 
just prior to planting. Available for soybeans, peas/len-
tils/vetch, cowpeas/mung beans/sunn hemp, garbanzo 
beans or sainfoin. It is an OMRI certified product.
Exceed Liquid by Visjon Biologicals is more costly 
than a peat-based product, but has both higher rhizo-
bia counts as well as a longer life on seed when a liquid 
extender is applied. This is one of the products we use 
if the seed is going to be inoculated at our warehouse 
more than a couple of days prior to planting. Available 
for soybeans, peas/lentils/vetch, or cowpeas/mung 
beans/sunn hemp this inoculant is OMRI certified but 
the optional extenders are not. 
Micro-NOC by Sono Ag products are peat-based prod-
ucts that have include extenders to give a longer life 
on seed. Micro-NOC also contains small amounts of 
Azotobacter (free living N fixers) and mycorrhizal fun-
gi spores. Available for peas/lentils/vetch or cowpeas/
mung beans/sunn hemp or a Multi-Spec version that 
includes all strains except for clovers. It is an OMRI cer-
tified product.
Exceed PreCoat by Visjon Biologicals is a clay-based 
rhizobium coating that gives very long life on seed (12-
18 months) but is only useful with small seeds like alfal-
fa and clover that can hold the coating on the seed. Be-
cause of the longevity of this product, we can pre-coat 
all of our alfalfa and clover products prior to going into 
a seed mix and be confident of excellent results. It is an 
OMRI certified product.
Non-rhizobium inoculants
While rhizobium are the most well-known and the most 
widely used family of biological products, there are many 
other beneficial organisms that can make significant and 
value contributions to our crop production systems
Bi-Azo is a combination of the Azotobacter and Azo-
spirillum, which are rhizosphere inhabiting bacteria 
that produce plant hormones and also fix small amounts 
of atmospheric nitrogen in low nitrate soils. The cost is 
very low and only a few pounds of N per acre will cover 
the cost. It is most effective in situations in which the 
crop does not receive synthetic nitrogen, such as cov-
er crop mixtures or hay crops like sorghum-sudan or 
millet where nitrate toxicity is a concern. It is an OMRI 
certified product.

MycoMaxx is an 8-species blend of mycorrhizal fungi 
that at labeled rates provides 150,000 propagules per 
acre. Mycorrhizal fungi (MF) are organisms that colo-
nize plant roots and aid the plants in uptake of water and 
mineral nutrients. MF also exude glomalin, the most 
powerful and persistent soil aggregating compound 
known. Many conventional cropland soils are quite low 
in mycorrhizal fungi. For MF to persist, it is essential to 
provide continual living roots in the soil after inocula-
tion and severely limit tillage. For more information on 
MF, check out our website and YouTube channel. This 
product is not OMRI certified but should qualify under 
most organic protocols. 
HyprGrow by Elevate Ag is a liquid product formed by 
combining a microbe-rich compost extract with prod-
ucts that are well known as potent prebiotics (food for 
beneficial microbes) such as seaweed (also rich in cyto-
kinins and other phytohormones), chitosan, vermicom-
post, molasses, and humic and fulvic acid. HyprGrow is 
a general microbial inoculant when used as an in-fur-
row at planting, but also contains beneficial microbial 
byproducts, such as natural antibiotics, that prevent fo-
liar fungal infections when the extract is applied as a fo-
liar spray. While we are still in the evaluation phase with 
this product, we are seeing consistently positive results 
and occasional eye-popping results with this product. 
This is an OMRI certified product.

HyprGerm by Elevate Ag is a seed-applied combination 
of naturally occurring substances (micronized kelp, mi-
cronized worm castings, micronized chitosan, and hu-
mates). These products are known to enhance germi-
nation and act as prebiotics to help enable early plant 
growth and vigor. Because it is microbial food and stim-
ulants, rather than living microbes, it has a very long life 
on seed. It is very inexpensive per acre so the ROI can 
happen very easily.
In summary, microbial inoculants can be quite useful 
and occasionally indispensable, or sometimes useless. 
Knowing when the situation does or does not call for 
a microbial product is key to making them a profitable 
part of your operation.

Biological Inoculants
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SMARTMIX® CALCULATOR
The best cover crop decision making tool in the in-
dustry, SmartMix® Calculator 5.0, is more robust and 
richer in features than any other decision making tool 
available on-line. Featuring a simplified user inter-
face, clean graphics, and the ability to edit previous 
mixes, SmartMix® 5.0 is setting the standard for cover 
crop design tools!
SmartMix® is free for everyone to use, but you will need 
to create an account (if you do not already have one). 
This allows each user to have a record of saved and sub-
mitted mixtures and allows recall, review, or editing of 
previously created mixtures. All information contained 
within your account is kept confidential and will not be 
shared with anyone outside of Green Cover. 

MIX DETAILS
SmartMix® 5.0 is very interactive and allows the user to 
input details such as zip code, mix name, seeding meth-
od, next cash crop, acres, seeding date, termination 
date, and up to three goals for the mix. SmartMix® will 
also factor in average annual precipitation, first and last 
freeze dates, growing degree days, projected irrigation, 
and plant hardiness zone of any selected zip code. 

SPECIES SELECTION
SmartMix® 5.0 is loaded with more than three million 
data points including growing degree days, precipita-
tion data, and frost data for all 45,000+ continental 
state zip codes as well as data on over 100 cover crop 
species. SmartMix® 5.0 gives ratings for species suit-
ability based on user-inputted goals, planting dates, 
and geographic location. Mix ratings for C:N ratio, 
nitrogen fixation, grazing suitability, frost tolerance, 
winter hardiness, salinity tolerance, and diversity rat-
ings are also calculated. Based on all of the geographi-
cal, climatic, and agronomic data gathered during the 
previous step, SmartMix® will help the user choose 
the best cover crop species for their unique situation. 
Species within each family will be ranked by suitabil-
ity based on goals, location, planting time-frame, and 
next cash crop. These rankings are based on general 
plant properties and must still be carefully considered 
by the user, but it gives some guidelines and starting 
points for the user. 

After a species has been selected, a suggested full 
seeding rate will be given. The user must then de-
cide how much of each species to put in their mix. To 
keep the mix balanced, we suggest keeping the “Full 
Rate %” of the overall mix at around 125% for most 
mixes, with grazing and highly diverse mixes going 
up to 150-175%. 
As a mix is built, ratings for nitrogen fixation, grazing, 
drought tolerance, frost tolerance, winter hardiness, di-
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Total
$1,234.56

Total
$1,234.56

Total
$2,635.23
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adipiscing elit. Nam vel urna tristique, 
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Awesome Mix

Total
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Ready for pickup Order Details

More Detail

Report a Problem
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DETAILS

80 Acres (2in irrigated)

in Doniphan, NE (68832)

in 50 lb Bags

Method: Drilled

Next Crop: Corn  

MIX SUMMARY

Pounds: 5/acre

Seeds: 1500/acre

Species: Legumes, Grasses, 
Brassicas, Broadleaves

Full Rate: 124

COST SUMMARY /LB.  /ACRE  TOTAL

Seed:    $1.08  $26.96  $2,696.40

Inoculant:   $0.03  $0.81  $81.28

Mixing:   $0.05  $1.25  $125.05

Bagging:   0  0  0

Total:    $1.16  $26.03 $2,902.73

Copyright © 2016 Green Cover Seed. All Rights Reserved. FAQ      SUPPORT      PRIVACY POLICY

My AccountStart a Mix

Goals Specify the goals for this mix. You must enter at least one.

Goal #1 - High Priority (required)

Increase Soil Organic MatterIncrease Soil Organic Matter

Erosion Reduction

Nutrient Cycling

Nitrogen Fixation

Provide Lasting Residue

Weed Suppression

Compaction Breaking

Supplemental Grazing

Supplemental Hay

Diversify Introduced Perennial...

Goal #2 - Medium Priority Goal #3 - Lowest Priority

Select

Continue

80 Acres (2in irrigated) in Doniphan, NE (68832)

in 50 lb Bags  |  Method: Drilled  |  Next Crop: Corn 

South 80 Mix

Growing Period: 04/20/2017  to  10/20/2017  (183 days)

Details Edit Details

Save for Later

Copyright © 2016 Green Cover Seed. All Rights Reserved. FAQ      SUPPORT      PRIVACY POLICY

Create a Mix My AccountStep 1 Step 2 Step 3 Step 4 Step 6Step 5

Goals
Progress

Mix Effect

SmartMix
AutoAdjust™Species As you add species based on your goals, the meters below 

reflect your choices. You should achieve a Full Rate of 125.
OffOn

OffOn

20%Nitrogen 100%Grazing 90%Drought 30%Frost 40%Winter 50%Diversity 60%Sallinity

Increase Organic Soil Matter
Goal #1

80% Diversify Intro’d Perennial Pasture
Goal #2

50% Erosion Reduction 80%
Goal #3

Cowpeas: Iron & Clay
WS-B | Full: 68 | 4100 seeds/lb

Pearl Millet: Tifleaf III
WS-G | Full: 20 | 80k seeds/lb

Collards: Impact Forage
CS-B | Full: 11 | 175k seeds/lb

Okra: Emerald
WS-B | Full: 10 | 7300 seeds/lb

% FULL RATE

31%

31%

31%

31%

% WT.

62%

19%

10%

9%

% SEEDS

7%

42%

49%

2%

COST/ACRE

$13.29

$5.39

$5.00

$3.29

TYPE SPECIES

POTENTIAL RATINGS

Add Species

COST/LB

$0.85

$1.15

$2.00

$1.50

Target: 125

0 250125

Full Rate: 124

Soft Hard

C-N Ratio: 50
Continue

LBS/ACRE

15.63

4.69

2.5

2.19

80 Acres (2in irrigated) in Doniphan, NE (68832)

in 50 lb Bags  |  Method: Drilled  |  Next Crop: Corn 

Species

$26.03 $1.16  $2,902.73

South 80 Mix

Save for Later

Species: % FULL RATE % WT % SEEDS

Legumes

Grasses

Brassicas

Broadleaves

31%

31%

31%

31%

62%

19%

10%

9%

7%

42%

49%

2%

Full Rate: 124  (Goal: 125)

Pounds: 5/acre  |  Seeds: 1500/acre

Growing Period: 04/20/2017  to  10/20/2017  (183 days)

Cost/Acre

Details Edit Details

/LB.  TOTAL
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Pearl Millet: Tifleaf III
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Pearl Millet: Tifleaf III
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Pearl Millet: Tifleaf III
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Collards: Impact Forage
CS-B | Full: 11 | 175k seeds/lb

Collards: Impact Forage
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Collards: Impact Forage
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Okra: Emerald
WS-B | Full: 10 | 7300 seeds/lb

Okra: Emerald
WS-B | Full: 10 | 7300 seeds/lb

Add(4) to Mix

LEGUMES GRASSES BRASSICAS BROADLEAF

Add Species Based on your details, SmartMix has rated each seed for optimal performance. Select one or more options and click ‘Add to Mix’

Cancel

Good

Marginal

Risky

Search species
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versity, and salinity tolerance are given. The Carbon:Ni-
trogen ratio is also estimated for the mix as it is being 
designed. A complete accounting of the cost of the mix 
is calculated and shown in real time. The total is broken 
down for seed cost, inoculant cost, mixing cost, and 
bagging cost. Additional information may need to be 
collected in order to accurately calculate shipping, and 
we will contact you with a shipping quote after the mix 
has been submitted.
Feel free to experiment with different species and ob-
serve how each selection and seeding rate change af-
fects the calculations, ratings, and cost of the mix. We 
have found this feature to be highly addictive, and many 
hours can be spent running through “what if ” scenarios 
and comparing one mix to another!
SmartMix® is designed as an educational tool to help 
the user make decisions about what cover species to 
choose. Some of the species suggestions may not be fa-
miliar to the user, therefore, more information about 
each cover crop species can be obtained by clicking 
on the information icon, which will access detailed 
information pages about cover crop species from the 
Green Cover website. SmartMix® 5.0 is designed using 
the latest technology, and best results will occur when 
using the latest release of the browser of your choice. 
Older versions of Internet Explorer are not able to run 

the new code, so please be sure you have the latest 
version.
We have a three-part tutorial on how to use and utilize 
SmartMix® 5.0. Go to YouTube and search for the Green 
Cover Seed channel, or search for “SmartMix Tutorial”. 
To ensure you will get notified about new videos, please 
subscribe to our YouTube channel.

SmartMix® Calculator

SmartMix
AutoAdjust™Species As you add species based on your goals, the meters below 

reflect your choices. You should achieve a Full Rate of 125.
OffOn

Cowpeas: Iron & Clay
WS-B | Full: 68 | 4100 seeds/lb

Pearl Millet: Tifleaf III
WS-G | Full: 20 | 80k seeds/lb

Collards: Impact Forage
CS-B | Full: 11 | 175k seeds/lb

Okra: Emerald
WS-B | Full: 10 | 7300 seeds/lb

Okra: Something Else
WS-B | Full: 10 | 7300 seeds/lb

% FULL RATE

31%

31%

31%

31%

31%

% WT.

62%

19%

10%

9%

9%

% SEEDS

7%

42%

49%

2%

2%

COST/ACRE

$13.29

$5.39

$5.00

$3.29

$3.29

TYPE SPECIES

Add Species

COST/LB

$0.85

$1.15

$2.00

$1.50

$1.50

Target: 125

0 250125

Full Rate: 124

Soft Hard

C-N Ratio: 50
Continue

LBS/ACRE

15.63

4.69

2.5

2.19

2.19

Goals
Progress

Mix Effect 20%Nitrogen 100%Grazing 90%Drought 30%Frost 40%Winter 50%Diversity 60%Sallinity

Increase Organic Soil Matter
Goal #1

80% Diversify Intro’d Perennial Pasture
Goal #2

50% Erosion Reduction 80%
Goal #3

POTENTIAL RATINGS

80 Acres (2in irrigated) in Doniphan, NE (68832)

in 50 lb Bags  |  Method: Drilled  |  Next Crop: Corn 

Species

$26.03 $1.16  $2,902.73

South 80 Mix

Save for Later

Species: % FULL RATE % WT % SEEDS

Legumes

Grasses

Brassicas

Broadleaves

31%

31%

31%

31%

62%

19%

10%

9%

7%

42%

49%

2%

Full Rate: 124  (Goal: 125)

Pounds: 5/acre  |  Seeds: 1500/acre

Growing Period: 04/20/2017  to  10/20/2017  (183 days)

Cost/Acre

Details Edit Details

/LB.  TOTAL

Copyright © 2016 Green Cover Seed. All Rights Reserved. FAQ      SUPPORT      PRIVACY POLICY
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COVER CROP MIXES
It has been observed that a mixture of plants often per-
forms better than a monoculture of the best performing 
plant in the mix. Each plant species has unique liquid 
carbon root exudates which feed a diverse community 
of microbes which make the whole system work. This 
is one of the reasons we try to create diverse cover crop 
mixtures instead of just picking the highest yielding or 
the “best” species. Plant diversity also provides different 
root types for better use of soil resources, a layered can-
opy to capture more sunlight, better nutrition for live-
stock grazing, and far lower risk of any one insect or dis-
ease taking out the stand. Green Cover is the leader in 
designing and delivering customized diverse cover crop 
mixes. We encourage you to use the SmartMix® Calcula-
tor (see pages 56-57) to experiment with building mixes, 
or call or email us (see back cover for contact informa-
tion) to get help designing the best mix for you. To get 
you started, here are some basics of cover crop mixology.
Spring Planted Mixes
Spring plantings are commonly utilized to jump-start 
soil biology after a long cold winter. These cover crop 
mixes are used to “prime” the soil biology ahead of a 
crop planted later in the spring. Spring mixes are also 
used in the western Great Plains as a “fallow replace-
ment”, where a living cover provides extra residue and 
biological diversity for the soil. Moisture used by the 
cover crop is usually gained back later in the summer 
through increased infiltration and decreased evapora-
tion. These mixes can be seeded when soil tempera-
tures maintain 40°F; however, greater diversity can be 
added to these mixtures if the planting date is delayed 
until closer to the frost-free date.

Late Spring/Early Summer Mixes
Late spring and early summer plantings are commonly 
utilized as a forage source for livestock when summer 
heat begins to reduce cool-season grass forage produc-
tion. These mixes can also be used on prevented plant-
ing acres to add biological diversity, suppress weeds, 
produce nitrogen, and cycle nutrients during the pre-

vented plant year. Because these mixtures consist of 
both cool-season and warm-season species, plant after 
the last frost risk has passed and when soil temperatures 
reach and maintain 55-60°F.
Midsummer Mixes
Planting covers after a summer-harvested cereal or pea 
crop is the perfect opportunity to implement very di-
verse cover crop mixes into a cropping system. Con-
verting the ample hours of summer sunlight into forag-
es and soil nutrients is one of the best ways to improve 
the biological health of your soil. With so many cover 
crop options to choose from, these mixes will be driv-
en by your specific goals. Midsummer mixes can also 
work well for early silage fields and seed corn fields. 
Warm-season species will dominate these mixes with a 
few strategic cool-season species added for diversity.

Late Summer Mixes
In the late summer there is a terrific window of oppor-
tunity for both warm- and cool-season species to be 
used together. Warm-season species will decline after 
the first killing frost leaving the cool-season species to 
continue to thrive and be productive.
Fall Mixes
Cover crops seeded into or after fall-harvested crops 
can be beneficial for the soil, but also present challeng-
es for seeding the covers. Fall mixtures vary greatly de-
pending on your goals, planting method, timing, and 
location. Here are some basic guidelines to follow:
Planting 4-5 weeks prior to first frost: Use any 
cool-season or fast-growing warm-season species for 
significant amounts of biomass production prior to 
frost. In many areas, this may require broadcast seed-
ing prior to fall harvest. 
Planting 2-3 weeks prior to first frost: Cool-season 
species that winter-kill at temperatures below 25°F or 
overwintering species are good choices. This is also the 

Cover Crop Mixes
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ideal time to plant overwintering crops for forage or 
seed production for the following year.
Planting at or after first frost: With limited heat units 
remaining in the season, only invest in species with 
overwintering potential. Fall growth will be limited so 
use winter-hardy cereal grasses and possibly winter-har-
dy legumes if there is adequate time for spring growth 
prior to the next planted crop. Timing of termination 
in the spring is an important management decision that 
will have to be made. 

Premade Cover Crop Mixes 
While we specialize in making diverse custom blends 
tailor-made for each customer’s needs, there are some 
specialty situations where we offer pre-designed mixes 
that will be more cost effective for the customer who has 
less than a couple acres to plant. 
Soil Building Mixes 
• Cool-Season Soil Builder Mix 
• Warm-Season Soil Builder Mix 
• Mycorrhizal Mix—now with MycoMaxx
• High Diversity Mix 
Each of these Soil Building Mixes do a tremendous 
job of improving the soil. With a vast array of root 
depths and structures, as well as excellent above ground 
growth, these mixes are built to help increase your soil 
organic matter while keeping weeds suppressed. The 

Cool-Season Mix can be planted in spring or fall while 
the Warm-Season mix should be planted once soil tem-
peratures stabilize above 65°F in late spring or summer. 
If you are looking for a balanced blend of cool- and 
warm-season plants, consider the High Diversity mix, 
which includes almost 20 seed species. To build the my-
corrhizal fungi network in your soil, use the Mycorrhi-
zal mix which now includes mycorrhizal inoculant!
Pollinator Mixes 
• Cool-Season Pollinator Mix 
• Warm-Season Pollinator Mix 
• Perennial Pollinator Mix 
• NEW Small-seeded flower mix
We offer four different pollinator mixes to fit your needs 
all throughout the year. Did you know that for every 
yield-robbing pest, there are 1,700 other insects that are 
beneficial? Why spend money on chemicals to target 
a few pests when fostering a habitat for beneficial in-
sects can take care of the problem? The variety of bloom 
colors in these mixes will attract many different insects 
benefiting both the plants and the soil. New this year is 
the small seeded flower mix which offers extra eye ap-
peal for pollinators and flower enthusiasts alike!

NEW Overwintering Mix
Put the garden to bed with this mix. As the gardening 
season winds down in the fall, plant this mix to establish 
soil armor before winter weather sets in. Most species in 
the mix will keep a living root in the soil all winter long 
and will resume growth in the spring, building organic 
matter, cycling nutrients, and suppressing weeds prior 
to planting next year’s garden. 
You can visit our website to learn more about these mix-
es including the specific ingredients of each mix. You 
can also place an order straight from our website! 

Cover Crop Mixes
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LEGUMES
WyoWinter Peas
WyoWinter peas are a release from the University of 
Wyoming that feature improved winter hardiness over 
Austrian winter peas. They can be used like Austrian 
winter peas, except they can be used in areas where Aus-
trian winter peas do not reliably overwinter. They are or-
dinarily planted in fall, make limited fall growth, survive 
the winter, and make explosive growth in spring. They 
are a good nitrogen fixer and good for livestock forage.

Vetch—Common, Woollypod, Hairy 
Common vetch is a cool-season legume that is less win-
ter hardy than woollypod vetch or hairy vetch. It over-
winters only in areas with mild winters; in areas with 
severe winters, it is either planted in fall as a designed 
winter kill, or planted in early spring. It is a good ni-
trogen fixer. It is more upright in growth and less viney 
than woollypod or hairy vetch.
Woollypod vetch is a cool-season legume that is more 
winter-hardy than common vetch, but not as win-
ter-hardy as hairy vetch. In all other respects, it is quite 
similar to hairy vetch. It is very viney, an excellent ni-
trogen fixer, and provides excellent erosion control and 
weed suppression.

Hairy vetch is the most win-
ter-hardy of all the cool-sea-
son annual legumes and is 
usually fall planted. It makes 
limited growth in fall, but 
comes on strong in spring. It 
is an excellent nitrogen fixer, 
and its viney growth provides 
very good erosion control 
and weed suppression. 
Hairy vetch can become in-
fected by a Fusarium fungus 
in hot, wet weather, which 

can produce a mycotoxin to which some livestock are 
severely (and occasionally fatally) allergic. This toxin 
triggers a photosensitive reaction. Animals with black 
hides are most susceptible to this malady; about 5% of 
black Angus and Holstein breeds are susceptible while 
about 2% of red or white colored animals are.
Kentucky Pride Crimson Clover 
Crimson clover works great in mixes, especially mixes 
including species such as spring oats. Kentucky Pride is 
the unmatched premium option when it comes to crim-
son clover. Kentucky Pride will flower two weeks later 
than other crimson varieties. It will have longer roots 
than Dixie Crimson Clover, and also provides more 
biomass, better N fixing, and better weed suppression.
When it comes to winter survival and spring perfor-
mance, there is not another crimson clover on the mar-
ket that can come close to Kentucky Pride.  

Cowpeas
Cowpeas are a warm-season legume and are actually 
a bean, not a pea. There are many varieties of cow-
peas, including Iron and Clay (long maturity), and 
Red Rippers (medium maturity). Cowpeas are very 
drought-tolerant and can provide excellent forage 
in warm-season grazing or haying mixes. Cowpeas 
have the ability to vine and climb so they are excellent 
when combined with taller forages like sorghum su-
dan, BMR corn, or sunflowers. 

Legumes
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5518 Soybeans
Green Cover is offering Natural Ag Solutions’ 5518 soy-
bean for both production beans as well as a great cover 
crop. 5518, released by Kansas State in 2018, has white 
flowers, gray pubescence, tan pods at maturity, deter-
minate growth habit, and seeds with buff hila. It is an 
early group V maturity and is well adapted for grain 
production to a wide range of soil types and climates 
throughout Southeast KS, Southern MO, Northern 
AR, throughout OK, and where other maturity group 
V varieties are grown. Prior to their release, KS5518 
out-performed all other KSU varieties within the same 

maturity by an average of nearly 4 bushels per acre in a 
four year study. The quick and vigorous growth of this 
bean also make it a great cover crop and wildlife food 
plot option as well. Contact Green Cover for more in-
formation on getting this bean in your fields!

Warm Season Legumes
Seeds 

Per 
Pound

Cold Kill 
°F

Min. Soil 
Temp

°F

Mature 
Height

Drought 
Tolerance

Biomass  
Production

Forage  
Quality

Salinity 
Tolerance Comments

Cowpeas (Red Ripper) 4,100 32 58 36” More viney type cowpea

Cowpeas (Iron and Clay) 4,100 32 58 42” Longer maturity cowpea

Mung Beans 7,000 32 65 30” More determinate than cowpeas

Guar 12,000 32 60 30” Beans stay in pods for winter stockpile grazing

Sunn Hemp 15,000 32 65 96” Fast growing

Soybeans 3,300 32 55 60” Long maturity and non GMO

Korean Lespedeza 200,000 32 60 24” Good for pasture interseed

Cool Season Legumes
Seeds 

Per 
Pound

Cold Kill 
°F

Min. Soil 
Temp

°F

Mature 
Height

Drought 
Tolerance

Biomass 
Production

Forage 
Quality

Salinity 
Tolerance Comments

Spring Lentils (Indian Head) 21,000 20 40 24” Small seeded pulse

Winter Lentils (Morton) 21,000 0 40 24” Decent over wintering

Common Vetch 8,000 10 42 30” Lowest cost vetch

Woollypod Vetch 10,000 0 48 18” Fastest spring bloomer

Hairy Vetch 12,000 -20 48 18” Best over wintering legume

Spring Forage Peas (4010) 3,200 20 41 36” More forage than yellow peas

Winter Peas (Austrian) 4,000 5 41 36” Small seeded peas

Chickling Vetch 2,500 15 42 30” Great N fixer, larger seed

Faba Beans 2,000 15 42 48” Can tolerate cool, wet soils. Large seed

Chick Peas 3,000 20 42 36” More heat tolerant than other cool seasons

Crimson Clover 120,000 5 42 30” Fast growing clover

Berseem Clover (Balady) 150,000 20 42 30” Mediterranean type

Berseem Clover (Frosty) 150,000 10 42 30” Good cold tolerance for berseem

Balansa Clover (FIXatioN) 500,000 -5 42 30” Good winter hardiness

Arrowleaf Clover 270,000 15 42 36” Drought tolerant

Persian Clover 150,000 20 40 24” Mediterranean type

Hubam White Sweet Clover 240,000 25 42 60” Best summer clover

Yellow Sweet Clover 180,000 -10 42 60” Biannual - deep-rooted, saline soils

Subterranean Clover 150,000 20 38 6” Most shade tolerant

Ladino White Clover - perennial 500,000 -15 40 12” Long-lived perennial

Red Clover - perennial 190,000 -10 42 30” Short-lived perennial

Alsike Clover - perennial 450,000 -10 42 30” Tolerant of wet soils

Sainfoin - perennial 18,500 -15 42 54” Drought tolerant

Alfalfa - perennial 150,000 -15 42 40” Very productive legume

PoorChart Key: Fair Good Excellent

Photo by Zach Louk
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GRASSES
Grasses are the workhorse family of the cover crop 
world, generally producing the highest yields and great-
est biomass. Grasses comprise the bulk of many mixes, 
including most grazing mixes, and are generally very 
palatable for livestock. Grass plants tend to be higher in 
carbon to nitrogen ratio and can provide excellent resi-
due if allowed to go to maturity. 
Sorghums
There is perhaps no more versatile and widely used 
family of cover crop species than sorghum and its ar-
ray of relatives. There are many purposes for which sor-
ghum plants are suited, and different types and traits 
have been developed to meet these needs.
Sorghum Types 
Sudangrass is a fine-stemmed sorghum that regrows 
rapidly after defoliation. It is earlier maturing and lower 
yielding than most sorghum-sudans and forage sorghums 
but can be very palatable when grazed or hayed properly. 
It has a lower sugar content than other sorghums, but is 
higher in protein and palatability. Sudangrass is lower in 
prussic acid potential than other sorghum types. 
Forage sorghums are a coarse-stemmed, long maturity 
sorghum. This variety is higher in sugar, and historical-
ly used as a source of syrup. Now used as breeding stock 
for many modern hybrids to enhance sugar, growth, 
and palatability, they have poor regrowth but high yield 
potential if allowed to grow to maturity. 

Sorghum-sudans are hy-
brids between sudangrass 
and forage sorghum. They 
are intermediate in most 
characteristics but also ex-
hibit hybrid vigor, and thus 
have excellent yield and re-
growth potential. 

Sorghum Traits 
Brown midrib (BMR) is a 
naturally-occurring muta-
tion that makes plants less 
able to produce indigestible 
lignin, which give them high-
er digestibility and far better 
(usually about 30% better) 
animal performance than 
non-brown midrib varieties 
of similar genetics. If a sor-
ghum is to be used for animal 
feed, a BMR is preferable. 
Brachytic dwarf (BD) is a trait that shortens the inter-
nodes on a plant, but actually increases the total number 
of leaves on a plant. This results in a leafy, short-statured 
plant with low-set growing points that tends to stand 
better later in the season. 
Dry-stalk (DS) is a trait in which the pith of the plant 
has less water content than most hybrids, meaning it 
can dry out faster in a swath than other hybrids of sim-
ilar stem diameter. 
Photoperiod sensitivity (PPS) prevents the sorghum 
plant from heading out until the day length drops below 
12 hours and 20 minutes, which for most areas will be 
mid-September. Heading is undesirable in a plant used 
for forage, unless the plant is intended for silage. Four 
things happen when a plant heads out and they are all 
bad for forage production: first, leaf production stops; 
second, root growth stops; third, the amount of lignin 
goes up and the plant becomes less digestible; and fourth, 
water use goes up 30-50%. By delaying heading, a PPS 
hybrid will be very high-yielding, retain forage quality 
for longer periods of time, and be very water efficient. 

Grasses

90 days after planting. Note the vegetative growth of the PPS Yield Max compared 
to the Coes forage sorghum to the left. PPS is the best choice to get maximum 
growth and tonnage from a sorghum-sudan product that has an extended growing 
window before harvest.
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Delayed maturity (DM) is similar to photoperiod sen-
sitivity, but instead of depending on day length to func-
tion, it depends on a large amount of heat units. 
Male sterile (MS) hybrids have pollen that is not fer-
tile and thus cannot self-pollinate, and will not produce 
seed unless pollinated by another sorghum. MS hybrids 
are a great choice to prevent any chance of volunteer 
seedlings the next year but need to be isolated from 
other sorghums (including Johnsongrass) for a quarter 
mile to prevent seed production. 
Best Sorghum Traits for the Situation 
Summer grazing: Rapid regrowth and low-set growing 
points (for grazing tolerance), as well as a very high leaf-
to-stem ratio, and high digestibility. Look for a BMR, 
BD sorghum-sudan.
Hay in a humid area: Multiple cuttings, high digest-
ibility, rapid regrowth, and rapid drydown. Look for a 
BMR, DS sorghum-sudan. 
Hay in more arid areas: Single large cutting, delay 
heading as long as possible. Look for BMR, PPS sor-
ghum-sudan or DM sorghum-sudan for later plantings. 
Stockpiled winter pasture: Excellent standability, high 
digestibility, and palatability even when mature. Look 
for BMR, PPS forage sorghums or BMR, PPS forage sor-
ghum-sudans, and if planting late (after July 4th, rough-
ly) then a long maturity BMR, BD forage sorghum is the 
best choice. 
Silage: Use a long maturity BD, BMR forage sorghum 
for early silage plantings. For later plantings, consider a 
shorter maturity BMR forage sorghum.
Biomass production and cover: Conventional sor-
ghums and sorghum-sudans are the least expensive but 
often times a PPS, MS, or DM product may be desired to 
extend the growing season and prevent seed formation.
Wildlife cover and habitat: Use a blend of grain-produc-
ing hybrids with different maturities, lodging resistance, 
and heights. Consider adding a variety of millets as well. 
Millets
Millets are a diverse and broadly adapted group of 
summer annual grasses that fit a variety of needs. Be-
cause millets originate from Asia and Africa, they tend 
to have excellent heat and drought tolerance. In their 
countries of origin, they are still widely used as a sta-
ple for human consumption. There are a variety of dif-
ferent millets that serve a variety of different purpos-
es so it is important to understand the different types 
of millets, as well as when and where they should be 
used, so you can select the one that is right for you.

Pearl Millet (Genus Pennisetum) has the highest yield 
potential among millets because of its hybrid heterosis. 
Because millets have no prussic acid potential, hybrid 
pearl millet is preferred for grazing under conditions in 
which prussic acid might be hazardous. Millets, like any 
plant, can still accumulate nitrates and should be tested 
if high nitrates are a potential concern. Pearl millet is 
more tolerant of sandy and calcareous soils than sor-
ghum-sudan, but less tolerant of heavy clay or wet soils. 
Pearl millet is usually higher in protein than sorghum 
but loses palatability more rapidly upon maturity. Un-
like sorghums, pearl millet is safe for horses. 

Foxtail millet (Genus Setaria) is also known as German 
or White Wonder millet. It is earlier in maturity and has 
lower forage yield potential than pearl millet. It is fin-
er-stemmed and cures more rapidly for hay than pearl 
millet. When growing as a forage, be aware that once it 
heads out, it loses forage quality, and the bristly awns on 
the seedheads can cause sores in animal mouths. Fox-
tail millet should not be used for horses, as it contains a 
compound that can cause joint pain and problems with 
the urinary tract.
Browntop millet (Genus Urochloa) is another rapid-ma-
turing, lower-yielding (as compared to hybrid pearl) mil-
let variety. It is commonly used in the southern plains as 
it is more tolerant to higher humidity levels, but it can 
move north as well. Browntop holds its palatability after 
maturity better than other millets so it is a good fit in 
stockpile mixes. Browntop is also safe to feed to horses. 
It is often used in wildlife food plots as it is a good seed 
producer with an open panicle for easier foraging.

Grasses

Left: Foxtail Millet | Right: Pearl Millet. 5 weeks of growth.
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Japanese millet (Genus Echinochloa) matures rapidly 
and typically yields less forage than other millets but 
is more palatable than foxtail millet after maturity and 
has better regrowth. Japanese millet is exceptionally tol-
erant of wet soil and will even grow in standing water, 
finding use in duck food plots. 
Proso millet (Genus Panicum) is used strictly as a grain 
crop and has very little forage value, being both unpro-
ductive and unpalatable. However, it is one of the most 
water-efficient grain crops, and is used to provide ani-
mal feed in areas too dry for corn or sorghum. It is also 
used as a rapid-maturing (as little as 60 days to matu-
rity) grain crop when the growing season is too short 
for a full-season crop, such as when hail takes out the 
primary crop or for wildlife food plots.
Barley
Lavina Spring Barley
Lavina spring barley is a vigorous variety of two-
rowed, beardless forage barley. Lavina, like other bar-
ley varieties, is one of the most tolerant crops of salty 
or high pH soils. Barley is a cool-season crop, able 
to grow at temperatures as low as 40°F. Lavina  can 

be planted in the late sum-
mer and have abundant fall 
growth prior to winterkill-
ing when temperatures drop 
into the teens, or it can be 
spring planted once soil tem-
peratures rise above 40°F. In 
a spring planting, Lavina will 
head out and can be harvest-
ed as either pasture, hay, si-
lage, or grain as needed. 

P919 Winter Barley
P919 winter barley is a six-rowed beardless forage bar-
ley. Like other barley varieties, P919 is very tolerant 
of salt and high pH soils. P919 is not as winter-har-
dy as rye, triticale, or winter wheat, but is more win-
ter-hardy than winter oats. It is ordinarily planted in 
fall, makes a fair amount of growth in fall (more than 
winter wheat, winter triticale, or rye) but produces the 
bulk of its growth in the spring. It matures earlier than 
other winter cereals except rye. The forage quality of 
P919 is excellent, even maintaining quality after head-
ing. It is shorter than other winter forages at maturity 
but yields better than its appearance would suggest. It 
can be grazed, hayed, chopped for silage, or harvested 
for grain. It is quite susceptible to smut, however, which 
can drastically reduce grain yield.

Triticale
Triticale is a cross between rye and wheat, and has some char-
acteristics of each parent. Compared to rye, triticale holds its 
feed value better into late spring. This makes it well-suited 
for hay, baleage, or silage. Triticale is also excellent for graz-
ing and, with proper management, can be grazed well into 
June. Triticale tends to be a bit more susceptible to winter 
injury than rye, but is similar to wheat for winter-hardiness.

Trical SY 813
Trical SY 813 winter trit-
icale is awnletted (very 
short beards), has excellent 
fall growth and vigor and 
is tolerant of both rust and 
wheat streak mosaic virus. 
It is a medium-maturity 
triticale, has good straw 
strength and is very well 
adapted to the southern 
and central Great Plains 
region. A great choice for 
silage or baleage.

Trical Thor
Trical Thor triticale is a brand-new, fully facultative 
triticale that does not require vernalization so it can be 
planted in the spring or the fall.  With good winter har-
diness through the central and southern Great Plains, 
this is the best choice to maximize fall growth from an 
early planted triticale, or for a spring planting if the fall 
seeding window was missed. Thor is awnletted and has 
good tolerance to stripe rust and leaf rust.
Montech Forage FX 1001
Montech Forage FX 1001 winter triticale is a true beard-
less triticale with one of the best combinations of winter 
hardiness and forage production on the market. Taller 
and slightly early to mature than most northern triti-
cales, Forage FX has shown exceptional production on 
dryland acres with little spring rainfall. Bred in the harsh 
northern climate of Montana, this is a great choice for 
the central and northern Great Plains region.

Grasses
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Elbon Cereal Rye
What’s Elbon spelled backward? Noble! As in the Noble 
Research Foundation in Oklahoma, which is where this 
fantastic variety of cereal rye was developed. 
Elbon has a wonderful combination of winter hardiness 
and fast growth. Elbon has a shorter dormancy period 
than northern cereal rye and will give more fall growth 
as well as earlier spring growth. 
It is excellent as a forage in early spring and will provide 
some of the best weed suppression and erosion control 
well into the early months of summer as a mulch. Elbon 
can be planted late in the season into soils as cold as 34°F.

Grasses

Warm Season Grasses
Seeds 

Per 
Pound

Cold Kill 
°F

Min. Soil 
Temp

°F

Mature 
Height

Drought 
Tolerance

Biomass 
Production

Forage 
Quality

Salinity 
Tolerance Comments

BMR Grazing Corn 2,500 32 50 84” Great value for forage

Sorghum Sudan 18,000 32 62 96” High tonnage

BMR Sorghum Sudan 18,000 32 62 96” Low lignin

BMR Sorghum Sudan PPS 18,000 32 62 144” Photoperiod sensitive

Sudangrass 22,000 32 62 96” Fine stemmed

Forage Sorghum 18,000 32 62 120” Great for silage

Egyptian Wheat 18,000 32 60 132” Super tall sorghum

Wildlife Grain Sorghum 17,000 32 62 42” Good for upland birds

Pearl Millet 80,000 32 65 72” Highest production millet

Browntop Millet 180,000 32 60 48” Great heat tolerance

Japanese Millet 120,000 32 55 54” Grows in wet soils

Proso Millet 120,000 32 60 30” Grain millet for birds

German Millet 180,000 32 55 48” Excellent hay millet

White Wonder Hay Millet 180,000 32 55 52” Excellent hay millet

Teff Grass 1,300,000 32 60 30” Very fine stemmed

Cool Season Grasses
Seeds 

Per 
Pound

Cold Kill
Min. Soil 

Temp
°F

Mature 
Height

Drought 
Tolerance

Biomass 
Production

Forage 
Quality

Salinity 
Tolerance Comments

Spring Oats (Hayden) 15,000 20 38 48” Very versatile

Black Oats (Cosaque) 22,000 10 38 52” Great forage, long season

Winter Oats (Bob) 19,000 10 38 48” Overwinters in the South

Spring Triticale (Surge) 16,000 5 38 54” Awnletted, high spring production

Spring Forage Barley (Lavina) 13,000 20 38 36” Beardless and salt tolerant

Winter Barley (P919) 15,000 0 38 30” Beardless, decent winter hardy

Cereal Rye (Elbon) 22,000 -30 34 72” Best weed suppression

Cereal Rye (Yankee) 20,000 -30 34 72” Northern type with bigger, hollow stem

Winter Triticale (SY813) 16,000 -10 38 60” Great spring forage

Winter Forage Wheat (Willow Creek) 13,000 -10 38 52” Very long season for later graze

Soft Red Winter Wheat (Gore) 13,000 -10 38 40” Beardless, good grazer

Italian Ryegrass 190,000 0 40 36” Biannual - best for spring planting

Annual Ryegrass 190,000 0 40 36” Very deep rooted

PoorChart Key: Fair Good Excellent
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BRASSICAS
Mustard 
Mustard produces significantly more glucosinolates 
than other brassicas, which biofumigate the soil during 
decomposition and can be toxic to many soil pathogens 
and pests. Mustard vegetation tends to be somewhat 
bitter and is not very palatable to livestock, with the ex-
ception of Florida broadleaf mustard which can be used 
in small amounts in grazing mixes. Mustard can toler-
ate low-fertility soils ranging from well drained to mod-
erately well drained. We carry three premium mustards:
White Gold Yellow Mustard (Sinapis alba) grows fast-
er than any of the other mustards and this aggressive 
early growth makes it an ideal weed suppressant. When 
White Gold decomposes, it produces athiocyanate ions 
that act as a potent germination inhibitor. It will begin 
to bloom 4-5 weeks after emergence.

Kodiac Brown Oriental Mustard 
(Brassica juncea) is a fast-grow-
ing and powerful biofumigant. 
When the glucosinolates have 
decomposed, a thiocyanate ion 
is produced that aids in the sup-
pression of soilborne pathogens 
including Sclerotina, Fusarium, 
and verticillium. It blooms 5-6 
weeks after emergence.

Indi Gold Indian Mustard (Brassica juncea) has similar 
properties to Kodiac but with the added benefit of being 
imidazolinone-tolerant and still non-GMO.
Radish
Radishes are arguably the most well known brassica 
in the cover crop world, and rightfully so. Because of 
its massive taproot, radishes are one of the best cover 
crops for breaking up compaction in the soil. Radishes 
are very good at scavenging nutrients such as N, P, and 
K, making it a great option in the fall directly after corn 
harvest to help prevent leaching. Other benefits of rad-
ishes are biofumigation, quick growth, weed suppres-
sion, and grazing potential.

Smart Radish versus Nitro Radish 
Daikon Nitro Radish has been our go-to radish vari-
ety for years. But recently we introduced a new type of 
radish called Smart Radish. Both are excellent options 
and will do a great job of providing the aforementioned 
benefits, but here are a few improvements we have seen 
from the Smart Radish:
• Smoother leaf for better forage and grazing.
• Higher plant biomass for forage, soil cover, and 

green manure.
• Higher plant tillering trait for more leaf area.
• Strong, penetrating V-shaped bulb which allows 

the large taproot to be more in the ground and less 
above the ground.

• Fibrous lateral rooting mass.

Purple Top Turnips
Like radishes, turnips are well known and widely used 
as a cover crop. Their taproot does not penetrate as 
deep as that of a radish, but turnips have a very high 
sugar content making them extremely palatable for 
livestock such as cattle or sheep. They also have a high 
moisture content and are packed with protein making 
them an excellent choice for winter grazing. Turnips 
are also a great option to include in wildlife mixes in-
cluding deer plot mixes.

Brassicas
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Impact™ Forage Collards
Impact™ Forage Collards are highly nutritious and di-
gestible for livestock. They are slow to bolt and flower 
when spring planted, making them an ideal choice for 
late spring and early summer grazing. They have also 
exhibited excellent ability to regrow after grazing, even 
under drought conditions. 
Impact™ Forage Collards are small-seeded and are 
priced more affordably than many other premium hy-
brid brassicas, giving them excellent value as a flown 
on cover crop or as a part of a diverse grazing mix. Im-
pact™ Forage Collards have a deep-growing taproot and 
will not form a tuber or a bulb, instead producing very 
large and nutritious leaves. Impact™ Forage Collards 
have demonstrated the ability to stay green into late De-
cember in Nebraska, even after temperatures dropped 
below 0°F for at least one night.

Camelina
Camelina is the most winter-hardy of the brassicas, and 
possibly the most drought tolerant. It has smaller seed 
than most other brassicas and thus requires a very low 
seeding rate. In other aspects camelina performs similar 
to rapeseed. We are still learning about this promising 
crop and what it can offer to farmers.

Brassicas

Brassicas
Seeds 

Per 
Pound

Cold Kill 
°F

Min. Soil 
Temp

°F

Mature 
Height

Drought 
Tolerance

Biomass 
Production

Forage 
Quality

Salinity 
Tolerance Comments

Daikon Radish (Nitro) 25,000 15 45 24” Deep tap root

Smart Radish 25,000 15 45 24” Pull down tap root

Forage Radish (Graza) 22,000 15 45 28” Slow bolting

Oilseed Radish (Control) 22,000 15 45 24” Nematode suppression

Forage Collards (Impact) 175,000 5 40 30” Great grazing forage

Purple Top Turnips 175,000 10 45 24” Great value for grazing

Hybrid Turnip (Viva, Hunter) 175,000 15 40 28” Excellent regrowth

Forage Rapeseed (Trophy) 175,000 5 41 36” Lowest cost brassica

Hybrid Rape/Kale (Bayou) 175,000 0 43 48” Great winter grazer

African Cabbage 180,000 15 42 48” Stands well in winter

Camelina 180,000 -5 40 24” Most cold-hardy brassica plant

Broadleaf Mustard (Florida) 150,000 25 40 36” Huge leaves—best mustard for grazing

Yellow Mustard (White Gold) 150,000 25 40 36” Best weed suppression mustard

Brown Mustard (Kodiak) 150,000 25 40 42” Nematode suppression

Oriental Mustard (Indi Gold) 150,000 25 40 40” Nematode suppression

PoorChart Key: Fair Good Excellent
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BROADLEAVES
Buckwheat
If you need a workhorse to attract beneficial insects 
and pollinators, buckwheat is an exceptional choice. 
This species can be used in a variety of mixes such as 
low-residue, winter kill, pollinator, or summer soil 
builder. Buckwheat’s claim to fame is its ability to extract 
phosphorus and other nutrients from the soil and ren-
der them more available for the next crop. Its vigorous 
growth habits make it an excellent choice for a quick-es-
tablishing crop with superior weed suppression. Flow-
ering can occur in the first three weeks of growth and 
continue on for ten weeks. These flowers attract a large 
array of beneficial and pollinator insects. If soil mois-
ture usage is a concern then buckwheat is a good choice, 
as it uses about half as much water as a soybean crop.

Flax
Flax is an annual, cool-season broadleaf plant that can 
be utilized in many small-grain and corn rotations as a 
potential cover crop. Flax is a shorter plant that does not 
spread aggressively and has low input needs, so it works 
well as a companion or interseeded crop, especially with 
sunflowers. Flax is high in lignin and is slow to decom-
pose, creating a long-lasting, high-carbon residue. The 
pretty blue flowers of flax are a nice addition to any pol-
linator or insectary strips. Relatively small-seeded and 
inexpensive, flax is a good bargain and should be in-
cluded in a great variety of cover crop mixes.

Baldy Safflower 
Safflower is a drought-tolerant, annual, warm-season 
broadleaf that can be seeded in cool soils. Safflower has 
an exceptionally deep taproot that can reach depths of 
8-10 feet, breaking hardpans, encouraging water and air 
movement, and scavenging nutrients from deep down 
in the soil profile. Safflower provides excellent forage, 
but most varieties become very prickly with maturity, 
rendering the plants unpalatable for livestock. Baldy 
safflower is one of the world’s first spineless safflower va-
rieties, and has been developed specifically for grazing 
and cover crops. Baldy can be handled with bare hands 
even at maturity and is palatable for livestock grazing. 

Sunflowers
Black oilseed sunflowers are renowned for their extensive 
root system and their ability to soak up residual nutrients 
out of reach for other commonly used species. Because 
insects are attracted to their extra floral nectaries and the 
bright colors of sunflower heads, pollinators and ben-
eficials such as bees, damsel bugs, lacewings, hoverflies, 
minute pirate bugs, and non-stinging parasitoid wasps 
are often found in fields of sunflower and in following 
crops. With their upright growth and well-anchored root 
system, sunflowers act as a trellis for surrounding vining/
climbing cover crop plants to reach sunlight. Because sun-
flowers can add significant biomass production in a short 
growing season, they can also serve as additional forage 
for livestock and are preferentially grazed when younger. 
For less than $1 per acre, sunflowers should be a part of 
almost any cover crop mix.



69

Phacelia
Phacelia scavenges for N in the soil and provides C to 
build soil organic matter. It can be used for feed or hay in 
soil with low to medium nitrogen availability. Phacelia 
is a long day plant, flowering only when days are longer 
than 13 hours (May—Sept). It germinates at tempera-
tures above 37°F and winterkills at 18°F. The vibrant blue 
flowers attract bees and other insects. Phacelia is a quick 
growing plant which makes a fine, feathery but dense 
canopy that shades and holds the soil. The extensive root 
systems break up clay soils and create biomass compara-
ble to buckwheat.

Gourds
Gourds can be a very valuable addition to a cover crop 
mix. Due to their vining nature, they can creep along 
and find gaps in the plant canopy to produce fruits ed-
ible to livestock and earthworms, rather than allowing 
the sunlight to eventually lead to a crop of inevitable 
weeds. Vining plants like gourds can provide cover 
and protection to spots in a field where growth is of-
ten very difficult, such as salty spots or pockets of blow 
sand. Gourds, like other cucurbits such as pumpkins 
or squash, offer valuable diversity to a cover crop mix. 
The hard, thick skin of the gourds allow the fruit to be a 
highly nutritious feed supplement deep into the winter 
months for livestock grazing.

Broadleaves

Warm Season  
Broadleaves

Seeds 
Per 

Pound

Cold Kill 
°F

Min. Soil 
Temp

°F

Mature 
Height

Drought 
Tolerance

Biomass 
Production

Forage 
Quality

Salinity 
Tolerance Comments

Sunflower (Black Oil) 8,000 28 48 72” Inexpensive taproots

Okra (Clemson) 7,200 32 65 80” Very deep rooted

Squash/Pumpkins/Melons 4,000 32 60 30” Fast growing

Safflower (Baldy) 15,000 24 42 40” Spineless and grazable

Buckwheat (Mancan) 18,000 32 50 40” Very fast growing

Cool Season  
Broadleaves

Seeds 
Per 

Pound

Cold Kill 
°F

Min. Soil 
Temp

°F

Mature 
Height

Drought 
Tolerance

Biomass 
Production

Forage 
Quality

Salinity 
Tolerance Comments

Flax (Golden) 80,000 20 45 30” Great host for mycorrhizal fungi

Sugar Beets - Non GMO 10,000 25 45 30” Great for grazing

Phacelia (SuperBee) 225,000 25 42 30” Fantastic pollinator attractor

Chicory - perennial (Endure) 400,000 -10 42 60” Mineral accumulator

Plantain - perennial (Boston) 200,000 -10 42 24” Mineral accumulator

Small Burnett (Delar) 18,000 -10 42 24” Deep rooted forb

PoorChart Key: Fair Good Excellent
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PERENNIALS
The most reliable source of pasture for livestock is a 
blend of perennial forages. Perennials, since they are 
already established, do not rely on an annual planting 
operation that can be delayed by weather. Perennials 
have deep and well-established root systems that con-
vey greater drought tolerance compared to annual pas-
tures. Perennials come in different forms, each with ad-
vantages and disadvantages, and all with a role to play 
in an intelligently designed forage plan.
Warm-Season Grasses 
Warm-season grasses have a different photosynthe-
sis method than most plants, called C4 photosynthe-
sis. This enables them to grow very rapidly during hot 
weather (their optimum temperature is about 90°F), 
and they require only half the water to produce a unit of 
dry matter as cool-season grasses. But they have a short 
growing season, only growing when temperatures are 
above 60°F or so. They also lose quality rapidly upon 
maturity, especially the more productive tropical and 
humid area grasses. Examples of warm-season peren-
nial grasses include:
Native tallgrasses like big bluestem, Indiangrass, switch-
grass, and little bluestem are still found in some areas as 
native stands but are also being increasingly reseeded due 
to their excellent summer quality and drought tolerance 
compared to cool-season grasses. They have poor forage 
quality after maturity and need protein supplementation 
if grazed during winter. Due to their lower protein con-
tent compared to cool-season grasses, their nitrogen re-
quirements per ton of production are also lower.

Eastern gamagrass is a native grass that requires dif-
ferent management than most other grasses. It is ex-
tremely productive and high in quality, but is expen-
sive and has been historically difficult to establish. New 
establishment techniques have made getting a stand of 
gamagrass much more assured than in the past, though 
it is still difficult. Gamagrass provides excellent wildlife 
habitat and coexists very well with many legumes and 
forbs. Gamagrass requires top-level grazing manage-
ment and can be killed by overgrazing. 
Bermudagrass is extremely high-yielding but produc-
es lower animal gains than the native grasses. Bermu-
dagrass becomes a far less attractive option in north-
ern latitudes, with stands in northern Kansas roughly 
half as productive as similar stands in southern Kansas. 
Bermudagrass tends to form monocultures and crowds 
out many other plants, although we are finding that al-
falfa can compete with bermudagrass if planted in the 
fall, and many winter annuals (like winter peas, crimson 
clover, rye, and annual ryegrass) can be seeded each fall 
and grow well in Bermuda sod. Monoculture bermu-
dagrass requires high rates of nitrogen to obtain high 
yields. Bermudagrass spreads rapidly through creeping 
stolons (runners). This trait can make it an invasive pest, 
but also makes it able to recover rapidly from trampling 
and overgrazing. It can handle more animal hoof traffic 
than perhaps any other perennial grass and still survive. 
It tolerates severe grazing very well.
Cool-Season Grasses 
Cool-season grasses grow well in cool and moist con-
ditions, including temperatures too low for warm-sea-
son grasses (between 40-60°F). They do not grow well 
when temperatures exceed 90°F, and their optimum 
temperature is about 77°F. They require more water 
and more nitrogen to produce a unit of dry matter than 
warm-season grasses, but are often more productive 
than warm-season grasses in humid areas due to their 
longer growing season. They grow poorly in July and 
August in many areas due to excess heat. Most combine 
very well with legumes such as red and white clover. Ex-
amples of cool-season grasses include:
Tall fescue is the most common cool-season grass in the 
US. It grows well on poor soils and is able to survive close 
grazing. Tall fescue has a reputation of being poor-quali-
ty forage, and this is true for the widespread Kentucky 31 
variety which contains an endophyte fungus growing in-
side the root system. This endophyte gives the plant pro-
tection from drought and disease but decreases the pal-
atability and the usefulness of the plant. The endophyte 
produces toxins that reduce animal performance. Variet-
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ies were developed that lacked this endophyte, but it was 
discovered that the endophyte is what gave K31 fescue 
its toughness, and the fungus-free varieties often died 
within a few years. Now there are “friendly” or “novel” 
endophyte varieties that contain an endophyte, but one 
which does not produce toxins. In areas in which fes-
cue is popular, these are the only tall fescue varieties we 
recommend for livestock forage. These varieties include 
E-34+ and Estancia. E-34+ is a soft leaf fescue and prob-
ably the best-quality tall fescue for spring and fall graz-
ing. Estancia is an erect leaf fescue that works better for 
winter stockpiling, as it is more accessible in snow than a 
soft leaf, and it appears a bit more drought tolerant than 
E-34+. When it comes to winter stockpiling, tall fescue 
is better than just about any other grass. No other grass 
maintains its quality as well in winter as fescue, often re-
maining over 14% protein, with digestibility over 70%, 
which is better than most of the hay fed across the coun-
try. To stockpile fescue, simply remove livestock from 
the pasture at or before early August and allow the plants 
to grow until growth ceases in the fall, which is around 
mid-November in our area. Good nitrogen availability is 
important for fall growth. August-applied fertilizer or a 
good stand of legumes can provide this.
Orchardgrass is a bunch grass that regrows well through 
summer and fall compared to other cool-season grass-
es. Older varieties lack drought tolerance and are very 
susceptible to rust. Newer varieties work much better 
and enable orchardgrass to move out onto the Plains 
where it has not persisted well historically.
Smooth brome is palatable and productive, with good 
drought tolerance. It is a sod former and good for soil 
conservation. It does not tolerate severe grazing well, 
and regrowth in summer and fall is very poor, with al-
most all the yield occurring in spring. It is also aggres-
sive and tends to form monocultures. It is recommend-
ed only in small amounts in pastures.

Meadow bromegrass is a bunch grass resembling 
smooth brome but behaving more like orchardgrass, 
only with more drought tolerance. Like orchardgrass it 
has good regrowth and is one of the better grasses for 
stockpiling in winter, though it is still distinctly inferior 
to fescue for that purpose.
Reed canarygrass has very high tolerance to wet soils 
and is probably the highest-yielding cool-season grass 
where there is sufficient moisture. Wild stands of reed 
canarygrass are very unpalatable due to a high content 
of alkaloids, but low alkaloid varieties offer good for-
age quality. Alkaloids are inactivated in the rumen by 
tannins (found in birdsfoot trefoil and chicory, among 
other plants) and to a lesser extent by saponins (found 
in alfalfa and clovers) so mixing these plants in with ca-
narygrass greatly improves animal performance. It is a 
sod former and creates a dense root mass that holds an-
imals and vehicles up even in wet weather.
Perennial ryegrass is hands down the highest-quali-
ty perennial grass. It can produce animal performance 
equivalent to a grain diet, with a reputation for pro-
ducing excellent-tasting meat. Unfortunately, perenni-
al ryegrass has historically been unable to survive in 
areas with severe winters or hot, dry summers, which 
describes much of the United States and particularly 
the Plains. Remington NEA-2 is a new ryegrass vari-
ety with a friendly endophyte that imparts a degree of 
heat and drought tolerance to perennial ryegrass, mak-
ing this variety a good option for people who want to 
grass-finish livestock.
Wheatgrasses offer more drought tolerance than the 
above cool-season grasses but generally of lower for-
age quality. Western wheatgrass is a low-yielding but 
drought-tolerant native grass that forms an open sod. 
Pubescent wheatgrass is a sod former that rivals brome 
for productivity.

Photo by Sm
ith Seed Services

Persist and other improved orchardgrass varieties combine animal performance 
and drought and disease tolerance.
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Legumes
Alfalfa is the most productive of the legumes. It is 
deep-rooted, drought-tolerant and high in quality until 
it reaches seed maturity. However, it requires a high lev-
el of management if it is to be grazed, needing rotational 
grazing and bloat prevention measures should be taken 
(see page 31). For hay, it is hard to beat. Plants usual-
ly live 3-10 years. Alfalfa is autotoxic, and established 
plants exude a toxin that prevents new seedlings of al-
falfa from establishing, so stands do not reseed.
Red clover is highly productive, almost as productive 
as alfalfa, but plants only live 2-3 years before succumb-
ing to diseases like anthracnose. It is easy to establish by 
broadcast seeding in winter. Modern varieties tend to live 
longer than common seed. Red clover rarely causes bloat, 
especially in mixtures with grass. Red clover is not auto-
toxic, so thin stands can be thickened by overseeding.
White clover is a common legume with exceptional 
forage quality. It spreads by stolons (runners) so it can 
thicken over time. Unlike most legumes, it is tolerant 
of severe grazing and often is very common in over-
grazed pastures. However, it is shallow rooted, and is 
very unproductive in drought. White clovers are eas-
ily established by broadcasting in winter. White clo-
ver can cause bloat, but rarely does so if mixed with 
grass. Ladino clover is a large-leaved variety that is far 
more productive than the common Dutch white clover, 
which is very low-growing. Intermediate types like LA 
S-1 and new varieties like Stamina are more heat- and 
drought-tolerant. Aberlasting is a hybrid of white clo-
ver and the deep-rooted kura clover. Aberlasting com-
bines the best of both species, giving a plant with the 
drought tolerance and productivity of kura with the 
easy establishment of white clover. 

Birdsfoot trefoil is non-bloating due to its content of 
tannins, which have multiple benefits to grazing ani-
mals. It is about half as productive as alfalfa in good soils 
but is more tolerant of acid soils and does well in wet 
areas. It has poor seedling vigor and is slow to establish.
Alsike clover is very tolerant of wet soils, and provides 
high-quality forage. It does have some toxicity to horses 
so should be omitted from horse pasture mixes.
Sainfoin is a high-quality, non-bloating, drought-toler-
ant legume, adapted to shallow gravely limestone soils. 
It does not tolerate grazing well and disappears rapidly 
unless grazing is rotational and light.
Forbs
Chicory is a very productive, palatable, and deep tap-
rooted forb that resembles a large dandelion, but with 

multiple blue flowers. The fo-
liage is high in protein, very 
digestible, and high in phos-
phorus, copper, and zinc, 
which are deficient in most 
forage plants. It has polyphe-
nols similar to tannin that 
help eliminate intestinal par-
asites and reduce bloat. 

Plantain is a low-growing forb that, like chicory, is high 
in minerals. It also contains a natural antibiotic com-
pound that helps reduce infections and also modifies 
rumen fermentation to improve animal performance, 
similar to an ionophore like Rumensin. It grows very 
well on compacted soils and helps loosen them.

Small burnet is a deep-rooted, drought-tolerant forb. It 
is high in tannin, which helps reduce intestinal parasites 
as well as bloat. It maintains its forage quality in winter 
very well, similar to tall fescue. 

Plantain

The aggressive rhizome growth of AberLasting clover gives it exceptional longevity 
as well as cold and drought tolerance.
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RESOURCE RECOMMENDATIONS
Soil Health is as broad and diverse of an area as it is 
important. New discoveries and new applications are 
emerging almost daily. Fortunately, there is a plethora 
of resources available to the eager learner to be able to 
learn and educate themselves in soil health and regenera-
tive agriculture. While no list will ever be exhaustive and 
comprehensive, here are some of our favorite resources.

DOCUMENTARIES

The Biggest Little Farm Carbon Cowboys

The Dust Bowl: A Film by Ken Burns From the Ground Up – Regenerative  
Agriculture

Kiss the Ground Livestock On The Land

Living Soil

YOUTUBE VIDEOS

Barry Fisher - Regenerative Agriculture 
Principles
Conservation Tillage and Technology Con-
ference

Carbonomics - Keith Berns
SARE Outreach

“Diversity, Intensity, Profitability” 
Dwayne Beck
USDA NRCS South Dakota

Dr. Allen Williams “Growing Soil the 
Southern Way”
Grassfed Exchange

Dr. Christine Jones “Power of Diversity”
Grassfed Exchange

Dr. Jerry Hatfield BSC Feb 2020
Menoken Farm

Get The Dirt on Soil Ecology with Jill 
Clapperton
Practical Farmers of Iowa

How regenerative farming can help heal 
the planet and human health | Charles 
Massy
TEDx Talks

How to green the world’s deserts and re-
verse climate change | Allan Savory
TED

Jay Fuhrer - The Five Principles of Soil 
Health
Groundswell Agriculture

Jimmy Emmons General Session
No-till on the Plains

Joel Williams - Advancing Plant Nutrition
Groundswell Agriculture

Optimizing Soil Biology to Regenerate 
Soils, featuring Dr. Kris Nichols

Paul Jasa - Systems Approach To No-Till 
And Soil Health
Conservation Tillage and Technology Con-
ference

Restoring the Skin of the Earth - Dale 
Strickler
Green Cover Seed

Soil Health Principles - Ray Archuleta
SARE Outreach

Treating the Farm as an Ecosystem 
Living Web Farms

The Ultimate Weed & Feed
Green Cover Seed

Plot tours, species videos, webinars, and more on the Green Cover Seed channel

WEBINARS

Green Cover Seed
www.greencoverseed.com/webinar/

Understanding Ag 
www.understandingag.com/webinars/

Advancing Eco Agriculture Webinars - 
John Kempf
www.advancingecoag.com/webinars

Practical Farmers of Iowa Farminars 
www.practicalfarmers.org/events/farminars/

PODCASTS 

Cover Crop Strategies Regenerative Agriculture Podcast.

AgEmerge Podcast

BOOKS

The Biological Farmer: A Complete 
Guide to the Sustainable & Profitable Bi-
ological System of Farming 
by Gary F. Zimmer

The Carbon Farming Solution: A Global 
Toolkit of Perennial Crops and Regener-
ative Agriculture Practices for Climate 
Change Mitigation and Food Security 
by Eric Toensmeier

Comeback Farms: Rejuvenating Soils, 
Pastures and Profits with Livestock 
Grazing Management 
by Greg Judy

Cows Save the Planet: And Other Im-
probable Ways of Restoring Soil to Heal 
the Earth 
by Judith Schwartz

Dirt: The Erosion of Civilizations 
by David R. Montgomery

Dirt To Soil: One Family’s Journey Into 
Regenerative Agriculture 
by Gabe Brown

The Drought-Resilient Farm: Improve 
Your Soil’s Ability to Hold and Supply 
Moisture for Plants 
by Dale Strickler

Eco-Farm: The definitive guide to man-
aging farm and ranch soil fertility, crops, 
fertilizers, weeds and insects 
by Charles Walters 

The Farm as Ecosystem: Tapping Nature’s 
Reservoir—Biology, Geology, Diversity
by Jerry Brunetti

Farmacology: Total Health from the 
Ground Up 
by Daphne Miller M.D.

Folks, This Ain’t Normal: A Farmer’s Ad-
vice for Happier Hens, Healthier People, 
and a Better World 
by Joel Salatin

For the Love of Soil: Strategies to Regen-
erate Our Food Production Systems 
by Nicole Masters

Foundations of Natural Farming: Under-
standing Core Concepts of Ecological 
Agriculture 
by Harold Willis

From the Soil Up 
by Donald L. Schriefer

The Future-Proof Farm: Changing Mind-
sets In A Changing World 
by Steve Groff

Growing a Revolution: Bringing Our Soil 
Back to Life 
by David R. Montgomery

Holistic Management: A Commonsense 
Revolution to Restore Our Environment 
by Allan Savory

How Soils Work 
by Paul W. Syltie

How to Not Go Broke Ranching: Things 
I Learned the Hard Way in Fifty Years of 
Ranching 
by Walt Davis

Kick the Hay Habit: A Practical Guide to 
Year-Around Grazing 
by Jim Gerrish

Knowledge Rich Ranching 
by Allan Nation

Anatomy of Life & Energy in Agriculture 
by Arden Andersen

Managing Cover Crops Profitably 
by SARE Outreach

Managing Pasture: A Complete Guide 
to Building Healthy Pasture for Grass-
Based Meat & Dairy Animals 
by Dale Strickler

Nourishment: What Animals Can Teach 
Us about Rediscovering Our Nutritional 
Wisdom 
by Fred Provenza

Mycorrhizal Planet: How Symbiotic 
Fungi Work with Roots to Support Plant 
Health and Build Soil Fertility
by Michael Phillips

Nutrition Rules! 
by Graeme Sait

The One-Straw Revolution:  
An Introduction to Natural Farming 
by Masanobu Fukuoka

Plowman’s Folly 
by Edward H. Faulkner

Quality Agriculture: Conversations 
about Regenerative Agronomy with 
Innovative Scientists and Growers 
by John Kempf

Science in Agriculture: Advanced Meth-
ods for Sustainable Farming 
by Arden B. Andersen 

Soils and Men: Yearbook of Agriculture 1938 
by United States Department of Agriculture

A Soil Owner’s Manual: How to Restore 
and Maintain Soil Health 
by Jon Stika

The Soil Will Save Us: How Scientists, 
Farmers, and Foodies Are Healing the 
Soil to Save the Planet 
by Kristin Ohlson

Teaming with Microbes: The Organic 
Gardener’s Guide to the Soil Food Web
by Jeff Lowenfels

The Unsettling of America: Culture & Ag-
riculture 
by Wendell Berry

The Worst Hard Time: The Untold Story 
of Those Who Survived the Great Ameri-
can Dust Bowl 
by Timothy Egan

When Weeds Talk
by Jay L. McCaman
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OUR TEAM
A clear Mission and identified Core Values are essential 
for any company or organization that wants to grow and 
not lose their way in the midst of growth, competition, 
and conflict. We have spent a great deal of time identi-
fying these critical elements for Green Cover. We want 
to share them with you and encourage you to consider 
what your personal Mission and Values are.
Our Mission
To help people regenerate God’s creation for future gen-
erations.
Value Statement
Green Cover strives to honor and glorify God through 
our business ethics and practices, and to follow the ex-
ample of Jesus Christ when interacting with customers 
and employees. 

Our Core Values That Guide and Direct Us
Do the Right Thing (Integrity with accountability)
Treat People Right (The Golden Rule in action)
Family Matters (People before profit)
Teamwork (Synergy through cooperation)
Always Growing (Both people and soils) 

We have grown significantly during our first twelve 
years, but the people that make up the Green Cover 
team have been and will always be the most important 
part of our business.
Almost everyone here works in more than one area, but 
here is where we spend the majority of our time! 
*Employees not pictured listed in ( )

Our Team

Inventory Team: Doug Hyler, Teri Andersen, Josh Berns

Seed Mixing Team: Glen Brumbaugh, Tyler Licking, Joseph Kirchner, 
Jonathan Jones, Shaun Wiley (Syn Dee Wulf, Chelize Alvarez)

Support Team: Doris Zuellner, Jon Holl, Rebecca Licking (Adrienne 
Jacobus)

Outside Operations Team: Sam Sheltrown, Jared Hynes, Joe Melnick, 
Stan Ellis

Maintenance Team: Tim Hinrichs, Luke Sheltrown, Victor Alvarez, 
Travis Berns

Farm Team: Jonathan Ellis, Cory Simpson, Brian Berns
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Sales Team: Colten Catterton, Dale Strickler, Noah Young, Jakin Berns, 
Keith Berns, Brett Peshek (Scott Ravenkamp, Davis Behle, Zach Louk)

SHIPPING
Green Cover is a leading national source for cov-
er crops and forages, having shipped seed to more 
than 15,000 customers in all 50 states and most of 
the Canadian provinces. While the majority of seed 
is shipped to Nebraska, Kansas, Iowa, Missouri, Colo-
rado, Oklahoma, Texas, South Dakota, North Dakota, 
and Montana, we have sold significant quantities of 
seed to many other areas. 

Because we carry so many different cover species and 
specialize in custom mixes, we are able to meet the spe-
cific needs of customers across the entire country. We 
have even shipped pallets of seed to Hawaii and across 
the border into Canada.
Whether we are shipping a pound, a pallet, or a bulk 
semi load, we strive to provide each customer with 
the best shipping method for their situation. Being 
well-connected with freight companies, and having our 
own trucks, we are able to move seed throughout the 
country at a fair price. 

We run seasonal routes with our own trucks in Ne-
braska, Kansas, Iowa, Missouri, Colorado, Oklahoma, 
Texas, South Dakota, North Dakota and Montana. We 
have excellent flat-rate pallet shipping rates in Nebras-
ka, Kansas, Iowa, Missouri, and Northeast Colorado. 
We also have competitive national rates through FedEx 
Freight and other major carriers. 
There are many variables in calculating shipping costs. 
Please call or email us for the most accurate shipping 
quote for your seed order. Contact information can be 
found on the back cover of this guide. 

Shipping
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OKLAHOMA FACILITY
The Oklahoma Green Cover facility was started in 2019 
in Mountain View, Oklahoma. This site began as a po-
tential dropship location and storage site for shipments 
coming to Oklahoma and Texas customers. However, 
by the end of 2019 there was a demand for local custom 
mixing. We understand that receiving seed in a timely 
manner can make all the difference to our customers’ 
success of covering the soil and providing food for both 
livestock and soil microbes. With this understanding 
we now offer custom mixing in Mountain View, OK, to 
better meet your needs and goals. 

While this facility is smaller than our Nebraska and 
Kansas facilities, we still carry a very diverse selection 
of species that all work well in the southern United 
States. Our Oklahoma facility is partnered with Cen-
tral Transport, an LTL shipping company, that now al-
lows for quicker and more economical shipping across 
the southern great plains including New Mexico, Texas, 
Oklahoma, Arkansas, and many other southern states. 
At this time, our Oklahoma facility only offers custom 
mixes in bulk tote bags. We hope to continue to grow 
with our customers in the south and expand our Okla-
homa facilities to better serve you!

Oklahoma Facility
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KANSAS FACILITY
Green Cover, headquartered in Bladen, NE, is very ex-
cited to announce that we have opened a location in 
Iola, KS, to better serve our customers and to better 
reach people with the message of hope and change that 
regenerating our soils can deliver.

The Iola Green Cover facility is located in southeast 
Kansas, 70 miles from Oklahoma, 45 miles to Missouri, 
and 140 miles to Arkansas. The facility is 54,000 square 
feet, with a new mixing system that allows us to handle 
mixes of any size from this location. We have approx-
imately 42,000 square feet of flat storage to be able to 
keep up with demand, and ensure a nearly-full invento-
ry at all times. We have spent the last year establishing 
infrastructure, personnel, and logistics to be better able 
to serve more of our customers with affordable freight  
costs and fast shipping times.

In addition to the warehouse and mixing areas, we also 
have built an indoor grow room for growing cover crops 
year round for research, demonstration, and education 
purposes. This 1,750 square foot grow room is locat-
ed in the climate-controlled portion of our warehouse, 
allowing us the ability to grow both warm-season and 
cool-season plants all year long.  

We have worked this year to increase the personnel at 
this location, and are beginning to get a good founda-
tion. Caleb Berns moved to Iola from Bladen, NE and 
is the site manager. Zach Louk has lived in the Iola area 
his entire life, and is one of our sales representatives as 
well as farming and ranching in the area. We have also 
moved Dale Strickler to the Iola facility to help assist 
as many customers as possible. Between the practical 
application and knowledge of our sales representatives, 
the huge inventory of seed, and the ability to mix and 
ship seed from this location, Green Cover Kansas will 
serve our customers well.
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NEBRASKA FACILITY
High-quality seed standards are achieved by growing, 
storing, and conditioning much of our seed supply 
through our own operation and facilities. With our ex-
panding network of contract growers, Green Cover is 
able to provide customers with quality seed at an afford-
able price. We contract seed production with growers 
in Nebraska, Kansas, Colorado, Missouri, Oklahoma, 
Texas, Florida, South Dakota, Montana, Idaho, Oregon, 
and Canada.
At our Nebraska location, we have built more than 
40,000 square feet of warehouse and production facili-
ties as well as bulk storage for more than 500,000 bush-
els over the past 10 years, and more storage and auto-
mation is being planned for future expansion.

Q-Sage Seed Cleaner
Our Q-Sage seed cleaner utilizes state-of-the-art tech-
nology and can condition 500 bushels of seed per hour 
through its 5 ½ screen shoes. Coupled with a debeard-
er and a high-capacity gravity table, quality will not 
be sacrificed for the sake of productivity. This clean-
ing facility allows us to have quick processing times 
for summer-harvested cereal crops for late summer or 
early fall plantings.
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Custom-Built Mixing System
At Green Cover, we take pride in our commitment to 
design custom cover crop mixtures for each customer 
to meet their individual goals and needs. While this is 
good for the customer, it is the least efficient and most 
labor-intensive method to manufacture a product. To 
offset this, we have invested heavily in a custom-built 
mixing system that has the ability to blend up to 12,000 
pounds per batch and allows us to work on three batch-
es at a time. We can simultaneously bag one batch, mix 
a second batch, and weigh out a third batch. Bulk auto-
mation from twelve Meridian bins allows for higher ef-
ficiencies in the mixing process. A high-capacity toting 
and bagging system, as well as a bulk holding tank for 
mixes, increases productivity and reduces the amount 
of time needed to mix and process large orders.

Bulk Seed Handling 
The key to efficiently handling and mixing 12,000,000 
pounds of seed per year is our pod of twelve Meridian 
cone-bottom bins and KSI conveyors. This 60,000 bush-
el system is computer-controlled through a custom-built 
and programmable logic controlled (PLC) system that 
is self-correcting and self-adjusting to ensure accuracy. 

This system allows us to handle bulky cereals and 
large-seeded legumes with precision and efficiency. We 
hope to be able to add another 40,000 bushels of capaci-
ty to this system to handle future volume increases!
IntelliFarms BinManager
Green Cover has invested in the IntelliFarms BinMan-
ager system that dries, cools, and even re-hydrates seed 
to optimum-quality levels for maximum germination. 
Each type of seed is analyzed and the BinManager sys-
tem is custom programmed to keep the seed in the best 
condition possible.

Nebraska Facility



OUR SALES TEAM
Keith Berns
Green Cover • Bladen, NE
keith@greencoverseed.com
(402) 204-8946

Davis Behle
Green Cover • Bladen, NE
davis@greencoverseed.com
(308) 293-6584

Jakin Berns
Green Cover • Jackson, MS
jakin@greencoverseed.com
(402) 469-3234

Colten Catterton
Green Cover • Maryville, MO
colten@greencoverseed.com
(402) 984-1631

Dale Strickler
Green Cover • Iola, KS
dale@greencoverseed.com
(785) 614-2031

Zach Louk 
Green Cover • Iola, KS
zach@greencoverseed.com
(620) 363-0653

Brett Peshek
Green Cover • Mountain View, OK
brett@greencoverseed.com 
(402) 705-9916

(402) 469-6784
www.greencoverseed.com

FOLLOW US ON SOCIAL MEDIA!
YouTube: Green Cover Seed Facebook: Green Cover Seed

Twitter: @GreenCoverSeed Instagram: @greencoverseed

OUR SALES PARTNERS

North 40 Ag, Ballantine, MT • Kate Vogel  
kvogel@north40ag.com • (406) 600-5205

Brown Ranch, Bismarck, ND • Gabe Brown 
brownranch@bektel.com • (701) 527-5570

Jonathan Cobb • Rogers, TX 
jcobb@greencoverseed.com • (254) 231-5877

Brad McIntyre • Caldwell, ID 
farmerbrad71@gmail.com • (208) 573-2182

Greg Scott • Tryon, OK 
gregscott@cotc.net • (405) 413-2681

John Heermann • Haxtun, CO 
johnheermann@gmail.com • (970) 520-9818

Philip Frank • Fruita, CO 
philipfrnk@gmail.com • (970) 623-1316

Dale Family Farms, Protection, KS • Kurt Dale 
kurt11dale@gmail.com • (620) 622-7008

Central Plains Seed, Almena, KS • Michael & Brian Thompson 
michael@centralplainsseed.com • (785) 871-1651

The Pence Group, Lafayette, IN • Doug Griffin 
doug@pencegroup.net • (765) 426-1514

OUR LOCATIONS
Bladen, NE 68928 • (402) 469-6784

Iola, KS 66749 • (620) 363-0653

Mountain View OK 73062 • (402) 705-9916


