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Democracy and climate

To check our destructive economy and
preserve as well as possible the
crucial workings of the natural world,
we must also save our democracy from
collapse into autocracy.

Take care

We all depend on the care work of
others, and with climate change we
will need each other more than ever.
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Land Report shorts

- The critical mass of perennials.

- Reading leaves to predict growth.

- Kernza® in pasta, cereal, and beer.

- Far red light speeds Kernza breeding.
- The benefits of crop border plantings.

Humanure

Rather than flush, compost.
Thanks to our contributors

To donate

Which door: we face critical choices not only to stem climate change but to maintain our democracy — they go

together. See Stan Cox’s essay on page 4. Photo of barn southeast of Wichita, Kansas, by Scott Bontz.

Preparing young clover leaves
for measurement that might
enable prediction of how the
adult plant will grow - and so
speed selection for breeding.
See the story on page 18.

Scott Bontz photo.

THE LAND INSTITUTE 3



CLIMATE CHANGE TIME DEMOCRACY TIME

We have ten years to quit fossil fuels and check ecological meltdown, and only two years to save our
union from autocracy that will fiddle while the world burns. Pen-and-ink drawing by Priti Gulati Cox.
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We the People and climate change

The fate of the ecosphere depends on keeping our democracy

STAN COX

n the United States of 2022, we find

ourselves living in the shadows of two

terrifying prospects: one, that con-

tinued abuse of the ecosphere could
render much of the Earth unlivable and,
two, that our current political drift toward
autocratic rule could accelerate, dashing any
hope of attaining a just, pluralistic democ-
racy. These crises are intertwined. Either we
find meaningful responses to both, or we fail
dramatically on both.

We have known for decades that ur-
gent action is required to prevent ecologi-
cal catastrophe, but the United States has
frittered those years away. Time after time,
legislation aimed at suppressing green-
house-gas emissions, curbing the die-off of
biodiversity, or halting the disruption of
other critical Earth systems has been pro-
nounced dead on arrival in Washington out
of fear that it would interfere with economic
growth. And we are far from alone in this
among the affluent nations.

We could do our fair share for a global
effort to achieve steep greenhouse-gas
reductions by placing statutory caps on oil,
fossil gas, and coal use, with the caps rach-
eting down quickly, year by year, to zero.
Our government, however, has come
nowhere close to adopting such policies.
The recent record is especially dismal. We
saw a 17 percent increase in coal-powered
electric generation in 2021, and analysts
expect US oil extractors to pump out a

record-high 4.5 billion barrels next year.

There’s no help in sight. Drilling con-
tinues on public lands, and new offshore
oil and gas leases are still being handed
out. Climate legislation now languishing
in Congress, if passed, would only nibble
around the edges of the emergency; most
egregiously, it doesn’t provide for phasing
out the use of fossil fuels.

Our institutions have failed us in large
ways and small, but we now face the pos-
sibility of a broader systemic breakdown.
Many sober-minded elected officials, schol-
ars, analysts, and others are raising ever-
louder alarms over the precarious state of
representative democracy itself. And if that
crumbles, the opportunity to achieve effec-
tive government action, not only for climate
but for a host of other issues on which we
have long fallen short - general ecological
degradation, Indigenous rights, economic
and racial justice, health, food and agri-
culture, women’s rights, workers’ rights,
and, crucially, universal voting rights - will
quickly slip even further out of reach.

Terra incognita

Scholars who study the decline of democra-
cies are warning that the Capitol attack of
January 6, 2021, was not the culmination

of a coup attempt but just one especially
dramatic moment in a years-long effort by
right-wing, pro-authoritarian elements in
our government and throughout society at
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large to exploit constitutional vulnerabilities
and weak voting-rights laws to subvert elec-
tions. Their intent is to extend their control
over state governments, gain full control of
all three federal branches of government,
and put laws in place to consolidate their
power for many years to come.

In the news media, this subversion of
the political process is often discussed as if
it’s no more than a feud recently erupting
between the two major parties, with reports
often taking on the tone of sports cover-
age. In reality, it’s a grave struggle pitting
our already damaged democracy against an
attempted autocratic takeover, it has been
building for decades, and it is now coming
to a head within government and through-
out society at large.

The historian Thomas Zimmer wrote
recently that the US right wing’s “allegiance
has never been to democratic ideals - their
acceptance of democracy was always condi-
tional and depending entirely on whether or
not it would be set up in way that allowed
for the forces of multiracial pluralism to
be kept in check.” In recent years, Zimmer
argues, “the lack of legitimacy for the re-
stricted white elite version of democracy” -
the system we have lived under all our lives
- has become too stark to ignore. A solid
majority of voters now find that hoary old
version of democracy to be wholly unaccept-
able, so candidates who oppose pluralism
find it harder and harder to prevail in prop-
erly conducted elections. Therefore, Zimmer
concludes, “America will either slide into
authoritarianism or make the leap to multi-
racial, pluralistic democracy.”

The verbs Zimmer uses convey the
challenge we face: if we don’t take a bold
“leap” toward the multiracial democracy
that America has so far failed to achieve, we
will “slide” inexorably into an autocratic fu-
ture. The current version of democracy - of,
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by, and for only some of the people - cannot
hold together much longer.

In 2022, the Stockholm-based
International Institute for Democracy and
Electoral Assistance moved the United
States for the first time out of the “democ-
racy” category, classifying us instead as
a “backsliding democracy”. In 2020, the
Center for Systemic Peace downgraded the
United States’ status from “democracy” to
“anocracy”, the latter term signifying a
nation in limbo between democracy and
autocracy. csp edged us back, just barely,
into the “democracy” portion of their scale
in early 2022. Nevertheless, warned the
historian Barbara Walter, “We could eas-
ily slip back into anocracy” and from there,
she wrote, in an echo of Zimmer’s analysis,
things could go either way: “Anocracy is
usually transitional - a repressive govern-
ment allows reforms, or a democracy begins
to unravel - and it is volatile.”

A crucial two years

There couldn’t be a worse time for our
nation to succumb to the forces of authori-
tarianism. Projections by international
panels of scientists who track climate
change are pointing to a stark conclusion:
actions we take in the next ten or so years
will largely determine whether a future
catastrophic heating of the Earth can be
prevented. One could now argue that in
the United States, the climate movement
faces an even shorter deadline. Given the
anti-democracy camp’s love of fossil fuels
and hostility toward climate mitigation, the
question of whether or not we will have an
opportunity even to work for and achieve
necessary federal legislation within the next
decade or two could be decided within just
the next two years or so.

Ambitious climate action remains an
absolute necessity, and that action must



Erosion in a field of annual crops southeast of The Land Institute. Work to bring human activity into harmony with

the rest of the ecosphere must carry on, whatever the sociopolitical context. Scott Boniz photo.
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now include preventing, if we can, the
ascendance to power of a federal/state
regime under which laws and regulations
ensuring climate mitigation and justice

- or for that matter, any kind of mitiga-

tion or justice - are simply not achievable.
Prospects not only for effective climate
action but also for defense of other planetary
boundaries, as well as Indigenous sovereign-
ty, economic, racial, gender, and environ-
mental justice, and other crucial necessities,
could very well hinge on efforts to head off
the consolidation of autocratic rule in the
coming few years. Can we continue to strive
for a just ecological civilization whether we
are living under a pluralistic, multiracial
democracy or an autocracy?

There is a lot of ferment out there right
now, and no one can predict how events
will unfold. With vigorous mobilization
and hard work, we and our institutions may
manage to make that leap toward a more
pluralistic democracy. But with so many
warning lights flashing, I believe we also
need to be discussing how we can live and
act if and when we find ourselves living
under an authoritarian government. Such
a discussion will be productive whether or
not the pro-democracy camp wins out in the
end, because we need to prepare for the so-
cial-ecological transformation that has been
so long delayed - whichever path our polity
takes in the months and years to come.

I’m among those who’ve argued that
although reducing emissions and respecting
ecological limits at the individual, house-
hold, and community scales is good and
essential, we have so few years left for the
US to eliminate fossil-fuel use that only firm,
equitable federal limits can ensure that we
are all playing by the same fair rules and
that oil, gas, and coal use is driven down to
zero quickly enough. In a society where it’s
still the people who decide, we will have a
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fighting chance to get such policies passed
into law. But if the anti-democracy camp
manages to take the driver’s seat and shift
federal climate policy into reverse, regions,
states, municipalities, neighborhoods, and
households all around the country will need
to redouble our efforts to confront the cli-
mate emergency and preserve economic and
civil rights.

The authoritarian threat we all now
face will likely be regarded by our nation’s
marginalized communities as old news.
These communities have long had to find
their own way in the face of a federal gov-
ernment and national economy that are
structured in favor of an affluent white
minority. In that struggle, the communities
have built mutual aid groups, food sov-
ereignty movements, and other collective
efforts. The people of the environmental
justice movement, led by Black, Latino, and
Indigenous communities, have been fighting
toxic industries in their own backyards for
decades.

Many in the climate movement are
looking to Indigenous communities for lead-
ership. For millennia, Indigenous peoples
have lived in harmony with non-human
nature on the vast landscapes that were sto-
len from them in recent centuries. They now
are in the forefront on climate, standing up
to the fossil fuel industry, undermining its
ability to operate, and fighting off its assault
on the Earth.

In coming years, if we find ourselves
living not only with severe consequences
of climate disruption but also without a
federal government of, by, and for all the
people, historically oppressed communi-
ties will be well positioned to lead a new
ground-level transformation. Grassroots
movements would naturally focus even more
on local and regional approaches, but jointly
they could have national effect. Greenhouse



emissions won’t be eliminated as soon as is
needed without a federal policy to phase out
fossil fuels, but they can at least be reduced,
and every one-tenth degree of atmospheric
warming that’s avoided will help keep the
Earth a little more livable than it would be
otherwise.

Existing and emerging efforts to bring
human activity into harmony with the rest
of the ecosphere must carry on, whatever
the sociopolitical context. Efforts by The
Land Institute and allies to transform food
production and reverse soil degradation,
biodiversity loss, and greenhouse-gas emis-
sions can play a central role. This involves
more extensive breeding of perennial grain
crops, along with ecological intensification
of crop production, including greater species
diversity.

A tsunami for democracy

The world we see around us today, and the
hyperactive economy underlying it, could
not have been built and sustained without
the fossil-fuel bonanza of the past century
and a half. That ever-expanding material
world is coming to an end, whether or not
we take the leap toward full democracy and
bold climate action. On the one hand, col-
lectively doing what will be necessary in
order to head off climatic calamity - includ-
ing the rapid phase-out of fossil fuels - will
require voluntarily ditching the quest for
economic growth in favor of a quest for sat-
isfying universal human needs and ending
our assault on the non-human world. On the
other hand, growth will end just as surely
if the anti-democracy camp prevails, but in
a very different way: sputtering out invol-
untarily and inhumanely, a consequence of
societal breakdown and degradation of the
Earth’s atmosphere, lands, and waters.

If the wrong camp prevails, and those
of us seeking the voluntary, humane path

lose much of our ability to effect change
through the ballot box or public service,
grassroots climate action will become more
important than ever. Through nonviolent di-
rect action, movements like the Indigenous-
led pipeline struggles, Extinction Rebellion,
youth climate strikes, the Sunrise
Movement, etc., have helped lift climate and
its broader ecological-social context, polls
show, to near the top of the list of public
concerns - even in the face of corporate and
political hostility that is explicit, unapolo-
getic, and at times violent.

The possibilities looming ahead may
look grim, but we are not powerless by-
standers capable only of gawking at events
as they unfold over the next couple of years
and beyond. Pro-democracy voters could,
through our sheer numbers, overwhelm the
anti-democracy camp’s attempts to sub-
vert the Constitution. The movements for
climate mitigation and justice, Indigenous
sovereignty, Black lives, economic democ-
racy, and the Earth could merge into one big
wave. Other events, unforeseeable today,
also might change the landscape of possibili-
ties in our favor.

But we dor’t have time to stand back,
wait, and see. The clock is ticking. Will we
leap or slide?

From “A Walk After Dark”

Unconscious of final ends,
As I walk home to bed,
Asking what judgment waits
My person, all my friends,
And these United States.
- W. H. Auden
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Care work is understood as necessary, but it is not monetarily well rewarded, and is often rendered invisible and

taken for granted. Illustration in charcoal and Affinity Photo by Lydia Nicholson.
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Take care

Building soil is like doing dishes: both actions deserve our recognition and love

AUBREY STREIT KRUG

rowing up in a small town in

Kansas, where my parents still

farm wheat and raise cattle, I

understood that humans are
social beings who need each other. Only
through community effort was it possible to
accomplish education in the school system,
religious practice through the church, the
economic realities of agricultural labor from
planting to harvest.

And we depended upon each other for
basic needs. My grandma watched my sis-
ters and me after school. My mom cleaned
and baked and counseled a range of friends
and family. Though I preferred to spend
my time reading, I babysat other kids and
went to my great-grandma’s house to scrub
her bathroom and kitchen. (She taught me
to crochet, an activity I still love. The first
thing I learned to make were dishrags.)

The creation and maintenance of hu-
man community requires work. Care is work
and requires skill and effort. Care work is
both relational and material. It can include
doing the dishes, calmly responding to a
toddler’s tantrum, and remembering who
needs what medicine and when. Caring for
others is the necessarily repetitive work that
doesn’t get “done” in any final sense - it
must be done over and over again for daily
life to continue.

As an adult (and a parent), I’ve not
only continued to do care work but also
become more interested in seeing and study-

ing it critically. Care work is understood as
necessary, but it is not very well monetarily
rewarded and is often rendered invisible
and taken for granted. Though some of it is
visible in professions like childcare, nurs-
ing, and teaching, much goes unseen and
under-recognized. As feminist economists
have demonstrated for years, care work is
unevenly distributed across genders and
stereotyped as feminine. The vast amount
of unpaid and underpaid care work is done
primarily by poor and marginalized women
and girls.

All humans depend on the care work of
others, and that dependency is only likely to
increase in a world with less discretionary
energy in the form of fossil fuels. We will
need each other more than ever in the face
of climate change.

For those of us working to build net-
works in the face of social-ecological crisis,
we should seek to make visible and recog-
nize who is doing the care work in our col-
laborative relationships.

In our organizations and communities,
is the care work that goes into building part-
nerships fairly distributed, or is it primarily
people of color, immigrants, and women
who carry that responsibility? How are care
workers and their work recognized (or not)
socially and economically? How could white
people and men become more willing and
able to do care work and do it well? And
who will do the work of teaching people

THE LAND INSTITUTE 11



how to care well? How do we learn the skills
of care work?

[ feel both grief and relief at the real-
ization of the care work needed now, at this
moment in human and planetary history.
Relief because undervalued but vital care
work is being paid attention to; grief be-
cause paying attention to care work doesn’t
mean it will become valued beyond its abil-
ity to serve currently dominant social and
economic systems.

In other words, it’s not enough to care
about care work. Even if care work is made
more visible, and the people who do it are
paid more, we still need to critically consid-
er what kinds of human communities care
work is creating and maintaining. Where are
we directing our care?

Through the work of Leah Lakshmi
Piepzna-Samarasinha and others, I’ve
learned how the concept of justice in care
work grows from ideas of disability justice.
Disability, illness, and mortality are realities
shared across humanity - and our human
communities should not marginalize these
realities or perpetuate injustices based on
discrimination.

In many cases, the people taking up
care work are survivors of historical trauma
and ongoing structural violence, and are
now bravely working to heal and flourish.
For example, in North America, Indigenous
peoples who have survived catastrophic and
genocidal system change, and who have
already experienced climate change through
forced relocation, are leading ecological
advocacy efforts, which depend on practices
of care work.

Connecting the concept of justice to
care work has helped me realize that for
members of the dominant society, letting go
can be an act of care. For people like me - a
white person from a farming community,
who has benefited from access to land,
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knowledge, and resources due to systems
of settler colonialism and white supremacy
- the work of care involves letting go of the
denial of crisis and harm, and letting go of
the illusion of control. It includes unlearn-
ing systems and structures that perpetu-
ate injustices, and learning how to return
homelands and make reparations to the
Indigenous peoples of the continent.

I don’t say these things because 1 have
accomplished them. Rather, this is the call
and challenge I hear for myself: care work
must be practiced over and over again in the
pursuit of more just human communities in
which everyone can find a sense of belong-
ing in place.

Through the lens of care,  am
reminded that I do not live as a singular,
self-made, and self-willed individual. We
humans are limited, mortal beings. We exist
and persist through our relationships, both
social and ecological. T cannot fully separate
my sense of self from the people I’ve cared
for and who have cared for me. I think of
my husband’s cooking, the family members
who helped us carry boxes and furniture in
a recent move, my sisters who always know
exactly how to respond to an anxiety-fueled
text message, the colleague who offered
to watch my son while I was writing and
taught him how to use the apple cider press
at work.

And 1 think, not surprisingly, of the
more-than-human world in which we
humans are enmeshed: the ecosphere.

The ecosphere is the dynamic mantle
of life on this sun-fed planet in the Milky
Way - the nexus of airs, waters, rocks, and
creatures whose interactions together with
light make life. The ecosphere includes
lithosphere, hydrosphere, atmosphere, and
biosphere. To me, an ecospheric approach
prioritizes integration and the particularities
of process across what has often been di-



vided into static abstractions. The ecosphere
is just one way to name the astonishing
realization that there is indeed a dynamic
mantle of life on this planet at this time in this
galactic place - and here we are, interdepen-
dent and alive, for now.

Our understanding of care must place
people in their ecological, relational context.
Through being here with the rivers, prairies
and fields, Mollisols, birds and bees and
bindweed, I have come to realize the inter-
connected work of caring for the land.

We might turn and return to the eco-

sphere as a recipient of and participant in
care work. Ecosystem processes are the sup-
posedly “background” work of ecosystems
that is necessary for Earth as ecosphere to
sustain human life. Think of the cycles of
nutrients, the flows of water. These ecosys-
tem processes are vital, yet they are made
invisible by our human-centered culture. We
dor’t fully understand or properly value the
intricacies of how soils form, for instance,
yet soils are increasingly disturbed and de-
graded. Similarly, care work is the supposed
“background” work of our lives and jobs

Isaiah Marcotte trains sorghum: perennial agriculture allows people to engage in care work. Scott Bontz photo.
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that is necessary for communities to sustain
human life, but is too often undervalued and
degraded.

Perhaps care is about doing the back-
ground work of the world, and doing it with
love. Except there is no background down
here on the Earth. Since human communi-
ties are embedded in ecosystems and the
ecosphere, we humans need both ecosystem
processes and care work to continue.

Tending to gardens, laboring in fields
and pastures, restoring landscapes, protect-
ing biodiversity - these material practices
could also be considered as forms of care
work, practiced by humans and non-
humans, supporting and enabling social
practices of care and repair. For our part,
we can choose where to direct our care, and
how to prioritize ecosystem processes. We
can learn how to do our care work both for
the land and each other more skillfully and
fairly and value it appropriately.

We can help build the community
capacity needed to support a just transfor-
mation to diverse and perennial agricultural
economies. Hands-on projects in perennial
agriculture allow people to engage in such
care work: to provide physical, emotional,
and ethical labor to build ecological rela-
tionships with plants, animals, land, and
water.

For instance, at The Land Institute I
organize collaborative civic science commu-
nities, in which people grow, study, and care
for future perennial grain crops. These pe-
rennial plants could someday care for people
by feeding them while holding on to soil and
supporting biodiversity.

Perennial agriculture is a long-term
vision for positive human reconnection with
the land, or ecosphere, that stretches across
generations and geographies. My experience
has helped me to realize that this long-term
vision can be aligned with now-urgent
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human tasks. I have learned that serving
potentially radical long-term solutions is
exactly what I need to persist at this
moment in time.

As T go about my daily tasks - putting
on a pot of coffee, unloading and reload-
ing the dishwasher, managing projects and
emails, meeting with research collaborators,
listening to a colleague and friend as we
walk in the prairie, tending the plants in my
home garden, reading books with my son - 1
can practice the skilled work of care.

I can exercise what choices I have to
struggle to divest my care from exploitative
systems, and to support and join with oth-
ers in their work to do the same. I can come
back over and over again to the humble,
imperfect, ancient labor of collaboratively
creating communities who care for each
other and the land; and I can collaboratively
help to make metaphors, experiences, rela-
tionships, opportunities, food systems, and
cultures that are new.

I can slow down long enough to listen
to what lasts, to remember what humans
have come to know about care through
much of the history of our species. And I can
also move with the quick pace of courage,
to face up to the consequences and choices
now at hand.

Through this work of caring for other
people as we together in community learn
to care for perennial plants, I have started
to grasp my personal answer to the question
Kathleen Dean Moore and her colleagues
pose: “What would you be willing to spend
your whole life taking care of?”

Aubrey Streit Krug s director of Ecosphere Studies

at The Land Institute. This essay is adapted from her
longer article “Ecospheric Care Work”, published in
2020 by The Ecological Citizen, which is available
and includes more information and citations: https://
www.ecologicalcitizen.net/pdfs/v03n2-09.pdf



Extracts

“Useless but indispensable.” - Jean Cocteau on poetry

Grass is our flag. It whispers, “Asia,

Asia, Dakota, Dakota, Prairie, Steppe.”

All over the world it leans above rivers -
Volga, Amazon, Ganges - a grass like wheat
and its friend the wind, carrying our message
everywhere, leaf by leaf.

- William Stafford, in “Globescope”

Pile the bodies high at Austerlitz and Waterloo.
Shovel them under and let me work -

I am the grass; I cover all.
- Carl Sandburg, in “Grass”

Poets
Are rich in points of view if they are rich
In anything. The farmer thinks one thing;
The poet can afford to think all things
Including what the farmer thinks, thinking
Around the farmer rather than above him,
Loving the evergreen the farmer hates,
And yet not hating him for hating it.
- Robert Francis, in “Juniper”

Who would have thought my shrivel’d heart
Could have recover’d greenness? It was gone
Quite under ground, as flowers depart

To see their mother-root when they have blown;
Where they together

All the hard weather,

Dead to the world, keep house unknown.

- George Herbert, in “The Flower”

The point in life is to know what’s enough -
why envy those otherworld immortals?

- Gensei, “Poem Without a Category”,
translated by Burton Watson

The law locks up both man and woman
Who steal the goose from off the common
But lets the greater felon loose,

Who steals the common from the goose.
- old English quatrain

Even those who do not know me,
if their actions are straightforward,
just, and loving, venerate me

with the truest kind of worship.

- from “The Bhagavad Gita”,
translated by Stephen Mitchell

O joy! that in our embers

Is something that doth live,

That nature yet remembers
What was so fugitive!

- William Wordsworth, in “Ode”

Ask the questions that have no answers.
Invest in the millennium. Plant sequoias.
- Wendell Berry, in “Manifesto: The Mad
Farmer Liberation Front”

Odours rose from the trees,
Grapes fell from the vines,

The sand was made of gold

The pebbles were made of pearls.

‘I’ve never seen the like’, said Eve.
‘Naturally’, the Landlord smiled.

‘I’s unimaginable)’ sighed Adam.
“Yowre not obliged to imagine it’,
Snapped the Landlord. <Yet.

- D. J. Enright, in “Paradise [llustrated”
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Most biomass of a forest — background here — or prairie - foreground — remains alive from year to year. Trees serve

birds, and undisturbed soil harbors microbes that make plants more productive. The Land Institute’s perennial
crops — center — can be a sweet spot of biomass maintenance balanced with food production. Scott Bontz photos.
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Land Report

shorts

Critical mass

The word “mass”, as in matter, traces to the
Latin massa, for kneaded dough or some-
thing that adheres like dough. This might go
back to a proto Indo-European verb mean-
ing to knead or to fit. (Despite the bread

it involves, Catholic mass took a different
etymological path.) So, biomass can be more
than a mashup word for science journals or
a crop burned for industrial energy. Think of
it meaning life that sticks together. Except
that in grain agriculture it doesn’t yet.

There, with annuals, every year every-
thing dies - not just what we eat of it, but
leaf, stem, and root. In biomass terms, why
does this matter? Another verbal amalgam
from the journals is “ecosystem services”.
This is when relationships develop and
make for things such as conservation of
soil and water, which makes for more life
in the long run. Most of a forest or peren-
nial grassland’s biomass remains alive from
year to year. Aboveground this means that
things like trees serve as homes to birds.
Belowground it means a vast array of life
whose intricacy we’re just learning but
which clearly makes soil more secure and
productive.

A recent issue of the online journal One
Earth focuses on biomass, and from that
perspective an essay by The Land Institute’s
Lee DeHaan and David Van Tassel makes
another argument for perennial grain crops.
They note that we humans have come to
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take about a quarter of the mass that Earth’s
land plants grow each year, and that we
might be taking a third of it by 2050. The
results of this conversion from forests and
grasslands have been catastrophic, frequent-
ly beginning with severe soil erosion fol-
lowed by land denudation. That’s why the
US government instituted the Conservation
Reserve Program to protect erodible crop-
land using perennial plants. DeHaan and
Van Tassel compare growing annual wheat
with perennial grassland hay. The same
amount of protein-building nitrogen comes
off each field, despite the hay field getting
no fertilizer. The hay exports more than half
again as much biomass but uses less than a
tenth of the energy used to grow the wheat.
Soil carbon and nitrogen are 30 percent
higher in the hay field, root carbon more
than six times higher. This efficiency is why
the industry aiming to make fuel from bio-
mass has moved from maize, an annual, to
perennial grasses and trees.

But people can eat little of this kind of
biomass. Van Tassel and DeHaan consider
more than one solution. One is the “biore-
finery”, which would do for humans what
the rumen does for cattle - enable us to di-
gest leaves. Labs have recently made plant
seeds and oils taste like meat, but convert-
ing the indigestible molecules that make up
so much of a plant, eliminating parts that
hinder digestion, and concentrating proteins
- these are daunting challenges for biochem-
istry and engineering. What about fruits
and nuts from trees? These provide less than
10 percent of human calories, nowhere near
the 70 percent coming from grains, and the
cost is high because of years before the first
crop and then special harvest techniques.
With enough money for research, these
paths could fill the current role of grains in
our food. But the cost would be high and the
dietary change possibly extreme.
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Our palettes would need little adapta-
tion to perennial grains. The research to
achieve them would cost less, and their
soil carbon, soil health, and nutrient cy-
cling would be on par with the alternatives,
DeHaan and Van Tassel say. The biomass
would not turn over as slowly as in for-
est, the endpoint of ecological develop-
ment where there’s enough rain. But the
“mid-successional” ecology of herbaceous
perennials like those in a grassland can be a
sweet spot of biomass maintenance balanced
with food production. And until perennial
grains, now in early commercial produc-
tion, become widespread, farms can improve
matters by growing annual grains amid low
perennial ground covers like nitrogen-fixing
clover.

A faster read on the future

Close relatives share a lot of genes, and pna
fingerprinting is the most accurate technical
means to establish a child’s father. This
requires taking tissue and then extracting
DNA to compare what are called markers,
distinct sequences in immense strands of
macromolecules. What if you wanted to
reckon paternity with less cost and trouble?
Computer analysis can identify some-
one in a picture based on information from
old photos, even if they were made in differ-
ent kinds of light and from different angles.
Many tiny, seemingly insignificant data
points are put together as a model. With
photos of many children and their parents,
perhaps when they were also children, you
can train the model to predict which people
are close relatives. Then you might have the
computer scan thousands of images and
construct a family tree, grouping people who
are the most related to each other simply by
their facial features. It won’t be 99.9 percent



accurate like pna testing, but since it is so
cheap to take photos compared with extract-
ing DNA, you can approximately sort a lot
more people.

In the past few years, The Land
Institute has sped the breeding cycle of
intermediate wheatgrass by connecting
genetic markers and field results, and then
predicting from the pna of mere seedlings
what they could become and produce. Now
we are exploring whether we can skip pna
analysis of the genotypes of thousands of

plants each year with something analogous
to facial recognition. You can see roughly
how this works with the Seek app on a
smartphone. Point the phone’s camera at a
plant or animal, and it identifies the species.
Sometimes it’s amusingly wrong, as when

it identified the editor’s dog as a seal. But
often it’s arrestingly accurate. Land Institute
researcher David Van Tassel aimed at the
needles of a tree atop a mountain in Utah
and was told correctly that he’d found a rare
Great Basin bristlecone pine.

Shannon Meehan, of the Donald Danforth Plant Science Center in St. Louis, arranges cuttings from Kura clover

for photo analysis of details that might help predict how the plant will grow to production.
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Land Institute breeders must look for
distinctions within a species, for minutiae
well beyond what Seek or your eye can pick
up from a leaf, and put them through math
far beyond pencil and paper. The Donald
Danforth Plant Science Center in St. Louis
has helped here with their LemnaTec
Scanalyzer 3D. This instrument can roboti-
cally make daily images of 1,000 plants on a
conveyor belt connected to the Conviron
Growth House, where light, temperature,
and humidity are all under fine, experimen-
tal control. Van Tassel’s silphium plants are
going through the process this spring. The
Danforth’s is a multi-million-dollar system
far from our home fields. We want to com-
pare models it helps make with models built
using handheld scanners that cost from $200
to $8,000. With their reading of a leaf we
might see both to whom the plant appears
closely related and if we likely have some-
thing worth growing.

Danforth researchers helped us use
and compare such scanners in early March.
Leaves from 500 Kura clover plants in The
Land Institute greenhouse were clipped and
brought to the lab. Leaflets and stem were
cut apart, photographed under glass, and
weighed. Then it was on to a long table of
black felt that cut reflectance from anything
but the leaves. A leaf from each plant was
covered and read in turn with four scanners.
One scanner worked primarily with visible
light, and the three others worked in the
near-infrared, wavelengths longer than what
we see and occupying a range five times that
of visible light.

Eric Cassetta regularly applies these
scanners to silphium, our oilseed crop, to
intermediate wheatgrass, and to sainfoin,
our grain legume. (The Kura clover is to
intercrop with grains for ground cover and
fixing nitrogen.) His work is funded by a
five-year grant from the Foundation for Food
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& Agriculture Research. The job involves
measuring many leaves quickly, because sun-
light, temperature, and humidity changes
can affect things like the opening of stomata
for leaves to breathe, and expression of pro-
teins, both of which might change what’s
reflected in the near-infrared. After almost
a year, his measurements already number in
the tens of thousands, building the model,
the algorithm, to make predictions.

Predictions can also be made without
having leaf in hand. While a graduate stu-
dent at Texas A&M University, Shakirah
Nakasagga repeatedly flew a drone over
plots of perennial sorghum and made photo-
graphs for correlating plant form with later
growth. Nakasagga, now a post-doc at the
University of Wisconsin, said this is both
quicker and more certain than predictions
made by uncovering the perennial crop’s sig-
nature underground rhizomes.

Such measurements won’t stop after
five years or even with a useful model in
hand. Like development of influenza vac-
cines, plant breeding, the refinement of a
crop’s genetics, never ends. Performance of
plants predicted to excel will be compared
with plants predicted to be mediocre, and
the model adjusted if needed.

Leaves of intermediate wheatgrass
were scanned last summer, but Land
Institute researcher Lee DeHaan hasn’t
found enough information to replace the
genomic selection that roughly halved the
crop’s breeding cycle time. Sainfoin and
silphium are still less far along. The leaf
reading has helped with cassava and maize,
but for Land Institute crops it’s at proof-
of-concept stage. We hope it gives us the
power to make predictions by looking skin
deep - after seeing that skin is far deeper
than previously thought.



Jenna Hershberger, center, teaches Andrea Sweeting how to use one of the scanners that read light both visible and
beyond our perception, for more data on predicting later Kura clover growth. Hershberger was with the Danforth
center and moved on to plant breeding at Clemson University. Sweeting is a Land Institute research assistant.
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More land, goods with Kernza

Land planted with intermediate wheatgrass
for Kernza® production has expanded from
about 500 acres in 2019 to just under 4,000
today, and the perennial grain is now used
in national brands of pasta, cereal, and beer.
Kernza is The Land Institute’s registered
trademark for the grain.

Cascadian Farm, an organic brand
of General Mills, offers a cereal labeled
“Climate Smart Kernza Grains”. The com-
pany made a small batch of Kernza cereal
in 2019, but not for retail. The new cereal
appears at Whole Foods and is available on
order to other grocers. Patagonia Provisions,
the earliest national name to use Kernza, in
a beer, now sells a pasta made with the pe-

PROVISIONS
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Our Kernza® perennial grain is used in pasta,
cereal from Cascadian Farm, a new beer, also from
Patagonia Provisions, and various baked goods.
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rennial grain and durum wheat. It also has
a new pilsner beer, called Kernza Pils, made
in collaboration with distiller and brewer
Dogfish Head, that is available on both
coasts, with moves inland pending state
alcohol regulations. The original Long Root
Ale from Patagonia Provisions is sold only
on the West Coast and in Asia.

Perennial Pantry now sells a pancake
and waffle mix in addition to its Kernza
flour. It also offers a Kernza “cracker tast-
ing pack”. Doughp Creations makes Kernza
sourdough bread. (The name is pronounced
“dope”, slang for “good”.) Artisan Naan
Bakery has naan, pita, and pizza crust made
with Kernza. All three Minnesota businesses
sell online. Sustain-A-Grain has Kernza egg
noodles for sale online and in Kansas stores.

The large majority of intermediate
wheatgrass is grown in Minnesota and
Kansas, with third-place Montana com-
ing up. Other fields are in South Dakota,
Wisconsin, North Dakota, lowa, Wyoming,
and Canada. Fifty-two growers have signed
contracts to grow and sell Kernza, and 36
have land in production.

Red shift

Predicting an adult plant’s performance
from seedling pna has more than doubled
our rate of progress in breeding intermedi-
ate wheatgrass. Now we are looking to dou-
ble the rate again and perform two complete
generations per year. If we can achieve this
goal, extrapolations of our current progress
would mean achieving wheat-like yields
with just another 17 years of breeding inter-
mediate wheatgrass, products from which
use our trademarked name Kernza®.
Traditional breeding of perennial crops
requires two to five years per generation.
This is because plants must be grown in the



field for several years to identify the out-
standing individuals who will serve as par-
ents for the next generation. Genomic selec-
tion gets around this requirement for field
evaluation by building a statistical model
that accurately predicts mature-plant perfor-
mance from seedling pna. We can now do

one generation of breeding per year, which
is a huge improvement.

Growing two generations per year has
not been feasible with intermediate wheat-
grass because even in a greenhouse the
plants take a long time from planting to seed
harvest. Much of that time goes to “vernal-

The latest generation of intermediate wheatgrass, the crop that gives us Kernza. An accidental discovery with

far red light may enable the plant’s breeding cycle time to be cut in half.
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ization”. The plants will not make heads un-
til signaled by winter temperatures and day
lengths. We trick them with seven weeks in
a walk-in cooler. After they move back to the
greenhouse, stems elongate and heads ap-
pear. The difficulty is that two generations
per year demands 14 weeks spent on vernal-
ization. This doesn’t allow enough time for
DNA sequencing and for selected plants to
head, intermate, and produce ripe seed.

But last year we made a serendipitous
discovery. We were studying the effect of far
red - nearly invisible - light on plant com-
petition and crowding. Although we learned
nothing useful there, we were astonished
to see that plants exposed to far red light
started to produce abundant heads even
though they were never vernalized. This
winter we ran additional experiments to
verify the finding that far red light exposure
can replace vernalization. So far, the idea is
holding up. We have plants that grew from
seed to seedling to heading to ripe seed in
less than six months. This means we now
have a way to perform two generations of
genomic selection per year for intermedi-
ate wheatgrass. The method will be more
expensive - we have to grow and sequence
twice as many plants as before. But it’s an
excellent way to substitute money for time
with a fantastic return on investment. For a
plant breeder, this is a dream come true.

Benefit of borders

Crop Protection Ecology at The Land
Institute includes finding not only what
arrangements help protect perennial grain
crops, particularly against pest insects,
but also how the crops can serve their
ecosystems. The research is important for
both conservation and socioeconomics.
Conservation examples include, one, if a
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perennial grain suppresses weeds well, her-
bicide use could fall, and, two, if the crop
supports native pollinators, they could be
brought back from their recent declines.
Both gains could encourage adoption of the
crop. Socioeconomic examples include, one,
if a perennial grain also has good forage
quality and quantity, it might give farmers a
second use in a bad grain year, and, two, a
perennial grain that attracts pollinators can
also benefit the farmers’ other crops. The
more demonstrable strengths we have for
our perennial grains, the more likely that
farmers and the general public will take to
them. Increased adoption is sorely needed
for studying benefits and challenges over a
wide geographic range. But here are recent
results.

Many crop fields have borders, which
might be demanded by a right of way or a
steep slope or marginal soil. Specific plants
in these borders can benefit crops and
ecology. They can attract insects to help
pollinate crops such as soybean, make
forage for livestock, curb erosion, and man-
age weeds. Which plants might make such
good neighbors was examined by The Land
Institute and Kansas State University, for the
Conservation Innovations Grants Program of
the Natural Resources Conservation Service.
All borders in the three-year study were
perennial plants. One was a nine-species
prairie mixture. Prairie mixtures provide
excellent pollinator habitat but can be hard
to establish and might not make the best
forage. The other borders were single-
species plantings of alfalfa, which is the
dominant hay crop in Kansas, and four
species that we’re developing to feed people:
intermediate wheatgrass, the legume
sainfoin, and two silphiums, here called
silflower and cup plant, bred for oilseed.

The prairie mix drew the greatest
variety of pollinator species, with 49, but



the single-species silflower border still
attracted 35. For sheer number of pollinator
bees, moths, and butterflies, both silphiums
attracted a similar number of pollinators
compared to the prairie mix, with alfalfa
and sainfoin down by about half.

Despite alfalfa giving three hay harvests
per year, single cuttings of the silphiums
had more than double the yield in biomass.
Sainfoin yielded least but had seen poor
establishment. The prairie mix was sec-
ond lowest. Alfalfa had the highest protein
proportion, but the cup plant and silflower
excelled with low neutral detergent fiber,
meaning they should be highly digestible by

livestock. All of the border crops had to be
managed for perennial bindweed, especially
the first year, and sainfoin stayed behind
with weeds. The prairie mix edged cup
plant as the best weed suppressor, with sil-
flower, alfalfa and intermediate wheatgrass
in the middle.

Best all-around performance under the
five measures was clearly by the silphiums.
Their seed is in short commercial supply,
but we’re working to bulk up for interested
growers. We’ll also develop management
guides for all four of our perennial crops in
the study.

Eric Cassetta pollinates silphium in the greenhouse. Silphium species were the best all-around performers in a test

of border plantings around crops, attracting pollinators and growing lots of forage mass.
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Humanure

SCOTT BONTZ

he thermometer on the north
porch of my straw-bale house
reads 15 degrees Fahrenheit. [
walk to under trees nearby, brush
snow from the face of another gauge, and
read 150 degrees. This thermometer sticks
into a pile of kitchen scraps, straw, coffee
grounds, and what in most any other house
amid industrial civilization would have gone
down the toilet - out of sight, out of mind,
and largely out of the cycle of life and food.

My poo and pee stay at home for recy-
cling. First step is to heat them in decompo-
sition by thermophilic bacteria. I want the
temperature high enough to kill pathogenic
microbes. Food can be pasteurized in 30
minutes at 145 degrees. The aim at sewage
treatment plants is to compost sludge at 131
degrees for several to 15 days, depending on
the method. The reaction in my home pile
comes from building a critical mass at least
3 feet across, and with the right ratio of car-
bon to nitrogen, about 30 to 1.

“Human and Animal Pathogens in
Manure”, by M. E. Olsen, presents a table
showing the life expectancy of cryptosporid-
ium, salmonella, campylobacter, and E. coli
in different conditions. Crypto can live more
than a year frozen or in liquid manure, and
four weeks in composted manure. The other,
shorter-lived pathogens last a week or two
in compost. On a dry surface, only salmo-
nella lives more than a day - up to a week.

After my pile tops out at three to four
feet, depending on whether I’ve used hard-
ware cloth or old pallets for containment,
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I let it settle and dry for a year. Then I roll
several large wheelbarrow loads of compost
to the garden.

By the kitchen sink are two buckets.
One is for things that chickens will eat. The
other is for things they won’t, such as on-
ions and wet paper towels. This goes to the
compost. Most of the pile’s fuel comes from
the bathroom. There, covered by a wooden
box with a toilet seat, is a plastic, five-gallon
bucket. It’s red, to avoid confusion with
any of the other (white) buckets around the
place. Nearby is another bucket, with chaff
to cover the excreta. The lightest blanketing
is enough to avoid odor and flies. When the
toilet is full, I dump it in the middle of the
compost pile. Around and atop this go buck-
ets of grounds from a local cafe, and dry
foliage - straw, leaves, whatever - to balance
carbon against the humanure’s nitrogen con-
tent of 5 to 10 percent, and to assure oxygen
for the microbes. Trees shade the pile, and |
usually dor’t add water beyond what’s used
for bucket rinsing.

The chaff in the bathroom comes from
threshing at The Land Institute. My partner,
Emily Rude, and I shovel from bins-full that
would otherwise go to the institute’s huge
compost pile. Not everyone is so lucky. But
there are other absorbent covers, including
peat, shredded leaves, and sawdust. The
last is used by J. C. Jenkins, author of “The
Humanure Handbook”, our guide.

Composting humanure might seem re-
pulsive, but Jenkins turns the table: the de-
veloped world’s citizens defecate in drink-



ing water. By my reckoning, Americans flush
at least a billion potable gallons per day.
This now-polluted water then mixes with
industrial effluent at treatment plants that
cost cities millions of dollars and billions of
BTUs. Then it’s to streams that don’t need
the extra nutrients, and to landfills, where
the nutrients are lost forever, or to farmland,
as sludge that may also carry heavy metals
from industry, plumbing pipes, and sewer
mains. The metal quantity in one load of
sludge spread on the land might be slight,
but repetition over years could build to dan-
gerous levels. Debate about this continues.
Years on in my own process, | admit
to still not quite relish dumping the dump
bucket. It’s a chore, and it takes some care.
But I dor’t think of going back to a flush toi-
let. Seeing the pile heat rise remains a won-
der, and a year later comes a payoff.

East Asians long knew the value of tak-

ing to farm fields their “night soil”, though
it might not have been composted, and
posed risk of disease. In 1911, American F. H.
King wrote of how this helped keep farms
productive, with no further imports of fertil-
izer, for millennia. By King’s time, American
farmers had already run down their soils
and imported guano from South America.
And now both we and Asia have unbalanced
the world nitrogen cycle with megatonnage
of synthetic fertilizer made by burning
proportional amounts of fossil fuel.

King told of dealers in China that took
night soil from the cities to the fields - it
wasn’t just rural people who practiced recy-
cling. The haulers weren’t paid for this, they
paid, for a valuable good. What if Western
cities enabled as profitable and honorable
the service of recycling excreta without so
much water and waste? Or, with a backyard,
let you take care of your business?

The writer
mixes straw,
coffee grounds,
and excreta for
pathogen-killing
compost.

Emily Rude
photo.
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Thanks to our contributors

GIFTS

Every gift matters to us, thank you for being part of this journey. As we work toward best practices as a team, we are moving
toward only publishing your name if you have given us permission to do so. If you see your name listed & wish for it not to be
published in the future, please contact Amanda at 785-823-5376 or info@landinstitute.org. Thank you again for your generosity.

This list is for contributions made from October 1 through December 31.

Christopher Abbott - Mildred & Raymond Abell - Calvin Adams - Marian Aikman - Philip Alcocer & Donna Fleming-Alcocer
Robert & Sally Ambrose - Angela Anderson - Eric Anderson & Roger H. Beck - Richard P. Anderson & Kathleen R. Lacey-
Anderson - Blythe & Hannah Ardyson - Cosette Joyner Armstrong - Thomas Arneson - James & Mary Ann Arnett - Denise
Attwood & James R. Conner - Daniel Baffa - Julene Bair - Dan Baker - Marian Bakken - George & Kathleen Baldwin - William &
Terry Baldwin - William & Caroline Baldwin - Bradley & Mary Barrett + Carol Barta - Reese & Donna Baxter - Wendy Bayer
Robert A. Beck & Amy M. Pettle - Jill Beech - Leroy & Marla Beikman - Andrea Bell - Mayrene Bentley - Edward Berg - Dale L.
Berry - Kenneth Bertelson - James D. Bever & Peggy A. Schultz - Lindy Biggs & Stephen Knowlton - James & Peg Billick - Scott
Bingham - Kathleen Birch - Cheri Black - Aaron & June Blair - Bill & Anne Blessing - Charles & Dianne Boardman - Robert &
Margaret Boatz - Robert Boggs - Pamela Boll - Oliver Bolz - Book Bin LLC - Daryl & Norma Jean Bosma + William G. F. Botzow
ond & Ruth Botzow * Gene & Christine Bowlen * Gretchen Boyum & Pat Crepps * Nicholas Brankle - Sheryl Breen - Jay & Sara
Bremyer - Jill Bremyer - Gordon Brennfoerder - Professor Beth Bridgeman & Ed Amrhein - Ronald & Judith Britt - Brenda Brodie
Susan Brook - Martin & Wanda Brotherton - Elizabeth Broun - Cheryl Brown - Chris Brown & Denise L. Perpich - Dhira Brown
Linda Brown * Robert & Janet Brown * Paul & Joni Bube + Charles Buckman-Ellis - Matthew J. Buechner - Stephen & Joy Bunch
Michael Burgess - Matthew B. Burke & Melissa Watson - Chad & Laura Burns - Jane Byrnes - Jachyun Byun & Margaret Y.
Sawyer - Ray Cage - Doug & Janine Calsbeek - Matthias & Barbara Campbell - Margaret & Edmund Campion - Jim Carlstedt
Carol L. Carpenter - James Cartwright - Daniel & Janet Cassetta * James & Marianne Cassidy + Michael & Marcia Cassidy
Gretchen Chambers * Benjamin Champion - Jeffrey & Robin Cherwinka - Theresa Cichocki - Chris & Katherine Claflin - Ellen
Cleary - Steve Clemens - Frank Coady * Nicholas Colloff - Common Ground Far LLC - David Course - Tim & Sarah Crews * Tom
Daly & Jude Blitz - Charles Daniell - Matthew D’Asaro - Sylvia Davatz - Allyson Davis - Lawrence & Linda Davis - Mark &
Georgia De Araujo - Alice Jo DeFries - Sabino & Janice DeGisi - Lawrence Dell - Brian Depew - Nancy Deren - David Desario - Al
DeSena * Mari Detrixhe - Dennis R. Dimick & Kim A. Kostyal - Sandi DiSante & Mark Stoppel - Noel & Diane Ditmars * Otto &
Barbara Doering * Judy Donofrio - Jordan Dornbierer - Ted Downey - Franklin & Kate Draper * Thomas Draper - Sophie Drew
Michael Duffy & Jacqueline Guidry + Myrl Duncan - Gail Dunlap - Katharine P. Dunlevy & George Seeds * J. Ryan Dunn - Naomi
& Dirk Durant - Helen Duritsa - Michael Ebeid - Martin & Sue Eddy - Bob & Jackie Edmiston - Terry & Susan Egnor - Chris &
Carol Eisenbeis - Julie Elfving - Randy & Lynn Ellingboe - Myron & Deborah Elliott - Philip J. Enquist & Joanna Karatzas - Heidi
Erm - Deanna Errico - Nathan Esau - Kathryn Evans * John & Katherine Ewel - Judy Fabry - David & Patricia Fancher - Nan
Fawcett - Rabbi Josh Feigelson - Neal Feigles - Benjamin Feikema - Jay Fier - Mr Andrew Figueiredo + Andrew Fisher * Susan
Flader - Marie F. Fleming - Kendra Flory - Enell Foerster - Seth Forster - Beth Foxwell - Mary Frantz - Linda P. Fredrickson &
Forch R. Atkinson - John Freeman - Nancy Freeze - Ruth Anne French-Hodson - Richard Friesen - Rita & Merlin Friesen - Tom
Friesen - Mary Fund - Greg & Terri Gaeddert - Candace Galen - John & Judith Gallman - Christine Gardener - Jared & Cindi
Gellert - Joseph & Janette Gelroth - Carolyn George - Tom & Sheryl Giessel - Gladys C. Gifford & Alvin J. Schuster - Mark & Pat
Gilbertson - Charles N. Giller & Jenny R. Sorensen - James & Ruthie Gillespie - Susan Gillies - Ryan & Miriam Goertzen-Regier
Susan Gonzalez - Nancy T. Goodall - James & Rebecca Goodman - George & Suzanne Gordon + David Gorsline - Marion & Esther
Gray - Reverend Helen L. Greer - Bentley Gregg - Sara M. Gregg & Byron Santangelo - Roy & Marilyn Gridley - Maxwell Griffin
D. Morgan & Caren Griffith - Michael Grimm - Charles & Patricia Grimwood - Jonathan & Lois Grothe - Louise Grotheer - Alan
& Catherine Guebert - Robert H. Hagen & Deborah R. Smith - Mark Harris - Robert & Dorothy Harris - Terry & Carolyn
Harrison - David Haskell - Andrew Hayner - Daniel & Margaret Hebert - Peter R. Hegeman & Patricia Egan - Bernt & Suzie
Helgaas - James Hemby - Robert A. Herendeen - Rachel Herrick - Amy & David Hiatt - Abigail & Anthony Higgins - Tresa C. Hill
& Don R. Mayberger - Joe & Virginia Hillers - David Hodges - David Hoff - Robert & Lynne Holt - John & Gloria Hood * Leo M.
Horrigan & Margery Mclver - Amy Horwitz & Norm Shea * Mr John Hoskyns-Abrahall & Winnifred Scherrer - Keim & Sylvia
Houser - Bruce & Debra Howard - Gary & Michele Howland - Jerold & Bonnie Hubbard ‘- Ben Huizenga - Jon & Audrey
Hunstock - Margie & Nick Hunter - Sarah Hurlburt - Logan L. Hurst & Nancy Reynolds - Phil & Marsha Hurt - Todd & Lindsey
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Hutchison - Jill Isenbarger - Mari Ito - Fred Iutzi & Melissa Calvillo - Russell Jacobs - Edward & Adelaide Jacobson - M. Allen
Jacobson & Lila A. Daut - Carole & Larry Jacoby - Katie Jantzen * Vern & Dolores Jantzen - Charles & Melanie Jenney - Lawrence
& Mildred Jensen - Ann L. Jett - Bruce A. Johnson & Barbara M. Hagen - Michael & Cheryl Johnson - C. Lee Jones - Charles &
Sally Jorgensen - Christophe Jospe - Jennifer Karman - James Kaup - Tim & Sharon Keane - Ryan Kegley - Robert & Judith Kelly
Sally & Bob Kendall - Stephan & Dawn Kettler - Kelly Kindscher - Lucille King - Sheldon Kinsel - Frederick L. Kirschenmann &
Carolyn E. Raffensperger - Keith & Amanda Kisselle - Erwin Klaas - Bryce & Sheena Koehn - Ulrich Koester & Beth Kautz
Donald Koke - Walter & Barbara Koop - Nic & Mary Korte - Cleo D. Kottwitz & Judy Parsons - Mary Kowalski - Margaret & Tad

Lab bubblers

Soxhlet extractors, named for the German agricultur-
al chemist who invented them, allow a small amount
of solvent to bubble for hours at making tough extrac-
tions. Damian Ravetta, a Land Institute collaborator
from Argentina, removes resin from our silphium

plants. He wants to see if domestication brings silphi-

um to make more resin or less, and whether drought
or infection can be a trigger. We don’t yet know if
resins are important for stress tolerance or for defense.
But the common name of silphium is rosinweed,
reflecting the generous production of resin by plants
in this genus. Scott Bontz photo.
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Kramar - Connie Kreider - David & Heidi Kreider - Alan Kuhn - Nancy Kuppersmith - William Kurtis & Donna LaPietra
Charlotte E. Lackey & Donald L. Barnett - Melissa Landon - Andrew Langbehn - Cody Larson - Mark & Mary Larson - Steven
Larson - Mary L. Laucks & Brian D. Swanson - Marietta & Alden Leatherman - Benedict M. LeFort - LeFort-Martin Fund at The
Chicago Community Foundation - Doug & Wylene Lengel - Thomas & Elizabeth Leonard - Frederick Leong - Laura Lesniewski
Charles & Jennifer Lewinsohn - Frances Schneider Liau - Matt Liebman & Laura Merrick * Limbo Inc. - Edwin & Susanne
Lindgren - Joseph & Beatrix Lindquist - Paul & Carol Lingenfelter - Elizabeth Little - Jennifer Loehlin - Andrew Long - Katherine
Lorenz - Paul & Jeanine Lovell - Sandra B. Lubarsky & Marcus P. Ford - Michael Lubbers - Doug Luebbe - Lee Luebbe - Steven W.
Mackie - Daniel & Jane MacNeil - Gordon & Margaret Mallett - Linda Marcusen - Karen Markey - Kevin L. Markey & Candice
Miller - David Martin - Francis & Christine Martin - Helen Martin - Nancy Ambers & George Massar - Matthew & Kathryn
Mayers * Michael McAlexander - Bill & Julia McBride - Jeanette McBride - P. J. McBrien * John McClelland - Julie McCoy - Karen
McCulloh * Roger McDaniel - and Mrs. A. Taylor McFall - Elizabeth & Lance McGuinness - Marcie McGuire & Jim Thaxter
Anna McKenzie - Joe & Mary Lou McKenzie - Mary Ann McKenzie - John McMillan - John McNulty - James & Diana McWilliams
Jeffrey & Yvonne Meessmann + Carole & Gary Mehl - Margaret Mellon - Brian Melville - Susan Menking - Douglas & Diane
Mesner - Karl Meyer - Caterina & Ryan Meyers - Patricia Michaelis - Daniel Michalopoulos - John Middlemas - William J. &
Emily Miner - Suzanne Mittenthal - Robert & Susan Mohler - Barry K. Moir & Laila C. Goodman - Paul & Tomi Moreno - Tim
Morgan * Cindy Moriarty - Douglas Morrow - Deborah Neher & Thomas Weicht - Ann Nelson - Philip H. Nelson - Paul Neukirch
Herbert & Pamela Neumann - Joseph Neumann * Mike Nichols - Mike & Sara Niemann - Trix L. Niernberger & William Preston
Tina Nilsen-Hodges - Dale & Sonya Nimrod - Bruce & Amy Noble - Kurt Nordback - Bill & Cori North - Peter Noteboom

Charles K. Novogradac & Deborah Milks - Zachary Nowak - Janet & John Nybakke - Julia E. Olmstead & Paul Helgeson - Charles
& Catherine Olmsted - Jane & Charles Olsen - Lennart Olsson - Mark & Sandy Ostrau - Richard & Christine Ouren - Charles &
Susan Oviatt - Marian Page - Beverly Palmer - Gregory A. Parsons & Dorothy J. Johnson - Katie Parsons - James Pasquier - Steven
& Carolyn Paulding - Edward & Seliesa Pembleton - Jacob Penner - Jean Perri * Joan Peterkin - David & Lisa Peters * Asheen
Phansey - Evelyn Phillips - Jennifer Phillips - Michael Phillips - Sandy Phillips - Loretta Pickerell - Chris & Meghan Picone - Mary
Margaret Pipkin & Bob Boisture * John & Tari Piskac - Paul Poechlauer - Kathy Porsch - Paul D. Post & Kay Kelly - Kathleen A.
Powell & Stephen L. Griswold - Kimberly N. Pressley - Scott Price - A. L. Pugsley Jr. - Joseph & Judith Quinlan - Kevin
Radzyminski - Richard O. Randolph - Barry & Beverly Read - Catherine Rebholtz - Donald Reck - L. David & Ann Redmon
Michael & Susan Reed - Don & Barbara Reeves - Thomas & Virginia Reid - David & Wendy Reinhardt - Trish Remley - Jamie &
Catherine Renshaw - Martha Rhea - Daniel Rice - Margaret & John Richey - Richard & Krispen Ridgway - Lea Ann & Brooks
Roddan - Douglas E. Romig & Lori Graham - William & Kay Roush - Aimee Rowe - Amy & Mark Ruck  Ron Ruhnke - Eric &
Christine Rumsey * Grant & Stephenie Ruttinger - Christine Salem - T. A. Sampson * Eugene & Donna Sandberg * Jaclyn Saorsail
Michael Scepaniak - Eric & Shauna Schlosser - Joel A. Schmidt & Amanda L. Raetzman - Steffen & Rachel Schneider - Wytze
Schouten - Schuette family - Michael Schuler - Clair Schultis - Jay Schuur - Peter Schuur - Albert Schwartz - Ellen Schwindt -
Elizabeth Seaton & Andrew W. Badeker - Scott Seirer - Kristin Selby - Harold Shapley - Kathleen L. Shea + William & Cynthia
Sheldon - Benjamin Shepherd - Timothy Sherck - David Shier - Linsey Sieger - Craig & Martha Simmons - Ann Simpson - E.
Crichton Singleton - Benjamin & Susan Slote * Stuart & Taryn Slote - Douglas Smith - Ronald & Kahrmelle Smith - Kathleen R.
Smythe & John Fanselow * Larry Soll & Nancy C. Maron + Mary & Michael Songster - James & Patricia Spearman - Cindy Squire
& Neal Meyer - Peter Stein - Allan Stephan - Paul D. Stolen & Deborah K. Amazi - Gail Stratton - Marjorie Streckfus - Aubrey
Streit Krug & Adam Krug - Shauna Struby - Craig Stubler - Donald & Laura Stull - Dan & Jennifer Stutterheim - Joshua &
Kimberly Svaty - Kelly & Angela Tagtow - Thomas & Virginia Eliason Foundation, a Donor Advised Fund of U.S. Charitable Gift
Trust - Margaret Thomas - John Thompson - Mark & Christine Thompson * Musia Thornton - Frank & Judy Toman - Michael
Totten - Jamel Tracy - Colleen & Peter Vachuska + Marjorie & Lynn Van Buren - Eric Van Dusen * James Van Eman & Susan Bailey
David & Kristin Van Tassel - Justin Vandenbroucke - Bettina & Livingston Vandewater - Harris Vayo - Dan Vega - Marisa Vertrees
David J. Vetter - Alexander Vicory - Anita & John Vogel - Thomas von Geldern & Cynthia L. Skrukrud - Patricia & Samuel Walker
Robert Walter - Laurie Ward - Neil Watson - Earl & Brenda Weak - Margaret J. Weber - Robert & Judith Weeden - Jeffrey Weih
Gary & Mary Anne Weiner - Maria Werger + Steven Wernicki - Kelly & Diana Werts * Brent & Ruth White - Erin & Jonathan
Wiersma - Sue Wika - Ray Wilber & Cathy Dwigans - Wilderness Community Education Foundation - Daron Willison - Gabriel
C. Wilmoth & Catherine P. Walsh - Dorothy Wilson - John & Anne Wilson - Witkin Family Fund of The Minneapolis
Foundation - Christopher Wolf - Darlene Wolf - Charlotte & Robert Wolfe - Dorothy Wonder - Jim & Amy Wood - and Mrs. Bob
Worley - Waiva Worthley - Debra Young - Linda M. Zahrt - Kirsten L. Zerger & Sanford N. Nathan - Karl Zimmerer - David &

Ann Zimrin

IN HONOR

William W. Allen, from Laura Allen - Kirk & Peg Barrett, from Bradley & Mary Barrett - Whitney Bingham, from Bingham
Family Charitable Trust - Cassius Masai Kobe Black, from Cheri Black - Julia Chevan, from Cindy Moriarty - John B. Cobb, from
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Mario Morales - Evan & Lila Cobey, from
Georgia L. Deal & Tom Ashcraft - Earth
Island, from Philip Hodges - Kira Gould,
from Michael Ebeid - Rachel Greenberger,
from Julie McCoy - Sara M. Gregg, from
Bentley Gregg - Sally Hampton, from John
McMillan - Barbara Horter, from Nathan &
Sarah Horter - Wes Jackson, from Charles N.
Giller & Jenny R. Sorensen, Roger McDaniel,
Ann Simpson, E. Crichton Singleton - Lorri
Jakubuv, from Gregory Steinmetz - Martin
Kimm from Michael Lubbers - Laura Klein &
Henry Markham, from Candice Meyers
Kathleen Koplik, from Joshua Koplik - The
Langbehn Family, from Andrew Langbehn
Marilyn Long, from Andrew Long - John
Luebbe, from Doug Luebbe - Kevin Markey,
from Karen Markey - Ross & Mary Morgan,
from Tim Morgan - Sara Niemann, from
Jennifer Noll - Heather Niese, from Susan
Niese + Andy Olson & Jason Crain, from
anonymous * Kate Olson, from Charles
Buckman-Ellis - Emily Rude, from Matthew
D’Asaro - John Howard Schwartz, from
Albert Schwartz - Lex Seguin, from Marisa
Vertrees - Frieda C. Smith, from Douglas
Smith - James & Courtney Spearman, from
James & Patricia Spearman + Allan Stephan’s
sons, from Allan Stephan - James Struby,
from Shauna Struby - Matthew Van Dyke,
from Nancy Freeze - Isaac Vayo, from Harris
Vayo * Mother who nurtures future genera-

tions, from Mari Ito

MEMORIALS

Virginia Elizabeth Beazley Chambers, from
Gretchen Chambers - Martha Damon, from
John Kane - Strachan & Vivian Donnelley,
from John Hoskyns-Abrahall & Winnifred
Scherrer - Lee & Kay Fiske, form Catherine
Rebholtz - John Holland, from Catrinka
Holland - C. Dale Johnson, from Michael &
Cheryl Johnson - Wayne Johnson, from Anna
McKenzie - Kristin Olgren, from Judy Fabry
Emelyn Poitter, from Candace Galen - Harris
Rayl, from Wendy L. Thompson

John Schmidt, from Clair Schultis - Miner
Seymour, from Tom Friesen, Tony Wahl
Gary Tegtmeier, from Mary Kowalski,
Francis & Christine Martin - David Zahrt,
from Linda M. Zahrt
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Yes, I'd like to support
The Land Institute’s work.

QO TI’dlike to donate
card on the O 5th or O 20th of each month.

per month with my

QO Enclosed is my tax-deductible contribution of:
O $50 O $250 O $2,500
O $75 O $500 O $5,000
O $100 O $1,000 O $10,000

O Other: $
CONTACT INFORMATION
NAME
ADDRESS
cITY STATE 71P
E-MAIL
PHONE NUMBER

PAYMENT INFORMATION (please circle one)

Check Visa Mastercard American Express

CARDNO

EXP.DATE cvv

NAME ON CARD

QO The Land Institute has permission to publish
my name as a donor.

Because we are a 501(c)(3) organization and we provide no goods or
services in connection with this gift, the full value of your gift is tax
deductible to the full extent of the law.

To learn more about the role philanthropy plays in
our work or to discuss additional opportunities of impact,
please contact our team at imp @landinstitute.org or

(785) 823-5376.
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Seed head of intermediate wheatgrass. The Land
Institute’s registered trademark for the perennial
grain is Kernza®. Acreage planted to Kernza has
quadrupled in two years, and the product is being
used in national brands of pasta, cereal, and beer.

See page 22. Scott Bontz photo.



