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To select a needle in a haystack

How plant breeding adds up bits of hidden potential to produce a winner

LEE DEHAAN, LAND INSTITUTE RESEARCHER

he genetics of perennial grains

is counterintuitive. But I like

it that way, because counter-

intuitive things fascinate me.

Because 1 get a thrill out of
figuring out how something actually works
when at first glance it appears to function
very differently, the world of science holds
endless opportunities for exciting investiga-
tion.

A simple example of a counterintuitive
situation is sailing vessels that can exceed
the speed of the wind that powers them.
Many who are unfamiliar with sailing, if
asked, would say the top speed of a yacht
would be somewhat less than the wind that
is powering it. Similarly, we would expect
that the top speed of a sailing vessel would
be reached by running in precisely the same
direction as the wind. I remember trying
this as a kid with a small sailboat and being
disappointed with the results. I was sure
that running straight downwind should be
the fastest, but it always seemed surpris-
ingly sluggish relative to running at other
angles. Only later did I learn that experi-
enced sailors know top speeds are reached
by going several degrees off the direction of
the wind. Although the principle is counter-
intuitive, it is widely understood, or at least
used, by anybody who sails.

Now let’s consider perennial grains.
I’ve run across people who believe it would
be impossible to domesticate a wild peren-
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nial grass to make a grain crop, or at least
that the process is going to be too slow or
risky to be worth trying. I’ve spent years
trying to trace the root cause of concern
among those who are leery, and I think I’ve
finally found the sticking point: it’s simply
counterintuitive.

Those who spend their time improv-
ing crop plants usually dor’t have difficulty
imagining a perennial grain crop in the
future. After all, they realize that humans
have been able to increase the yields of both
annuals and perennials through all sorts of
clever techniques, so they don’t see anything
different in the idea of a perennial grain.

But people who mostly experience wild
plants see the world differently. They may
have spent thousands of hours in prairies,
examining millions of perennial plants. And
all of those countless interactions with pe-
rennial plants have added up to reinforce
one idea: perennial plants produce very little
seed. It is not surprising that someone who
looked at so many plants and never saw a
single one with even reasonably abundant
or large seeds would conclude it hopeless to
breed them for high seed yield.

Now, it can be reasoned that it is sur-
vival of the fittest in nature, and the fittest
plant would be the one that produces lots
of large seed, right? This is an intuitive idea,
but the counterintuitive reality is that natu-
ral selection can actually end up favoring
plants that live a very long time and possibly



spread vegetatively, while mostly disregard-
ing seed yield. The counterargument goes:
“But aren’t they producing as much seed as
they can while living as long as they can?”
The quick answer to that is “no,” but the ge-
netic explanation is complex.

Let me offer some evidence. Our annual
grain crops have experienced yield increases
of 500 percent or more relative to their
wild ancestors. These gains in yield were
achieved without having to sacrifice lifespan
in the annual grain. Similarly, there is no
reason to believe that wild plants have max-
imized their seed producing capabilities.

The next intuitive observation is,
“Occasionally wild annuals have high seed
yields. These plants were the forerunners of
our crops. But no wild perennials have high
seed yield. You can select all you want, but
you will never make any progress because
the plants clearly don’t have the genes avail-
able to allow increased yield.”

Now this is where my interest in coun-
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terintuitive phenomena is aroused, and I
realize that the counterintuitive nature of
genetics lies at the root of the misunder-
standing. To explore this, let’s consider a
population in which there are five genes
that add to seed yield, and each occurs at a
frequency of only 1 percent. The species is
diploid, like corn, and can have two versions
of each gene. So for each high-yield gene,

2 percent of plants will have one copy. The
chance of a plant having both copies is only
1 percent of 1 percent - one in 10,000.

So what would be the chance of com-
ing across the outstanding producer with all
10 yield genes? This is the joint probabilities
of the individual genes, which turns out to
be 1 in 100 quintillion. To evaluate this many
plants, you would need to look at one per
second, continuously, for about 3 trillion
years. Or if you wanted to grow this many
plants, you would need to cover the entire
land surface of the earth about 40 million
times over.

8 10 12 14

Generation

Figure 1. Response of 10 genes to selection in a computer-simulated population of 1,000 individuals. Five of the
genes had a starting frequency of 50 percent (dashed lines), but a small beneficial effect. Another five genes (solid
lines) had a starting frequency of 1 percent and a large benefit. After nine cycles of simulated selection of the top 10

percent, the genes of large effect were present in all individuals. Heritability was assumed to be 25 percent.
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Perhaps the numbers are hard to en-
vision, but we can see that even with five
genes which are just slightly rare, we will
never just happen upon the outstanding
specimen. No wonder we don’t see high-
yielding plants springing up by accident in
the prairie.

If it’s impossible to stumble upon the
high yielder, what makes us think we can
obtain yield through selection? To answer
this question I considered a simulated
population of 1,000 plants having the same
theoretical five genes described above. For
this hypothetical population, in addition to
the major-effect genes there were five other
small-effect genes contributing to yield, and
these had a starting frequency of 50 percent.
Yield had a heritability of 25 percent, mean-
ing that 75 percent of the variation observed
was due to non-genetic, environmental
factors. By adding in genes of small effect
and environmental factors, we make the
simulation a much better approximation of
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a real group of plants. There were also some
genetic assumptions, such as all the genes
being on different chromosomes.

Now, instead of just looking for the
high-yielding needle in the haystack, we
set about creating it. We do this through
the process of selection. In the first year
we don’t expect to find really high-yielding
plants, but we take the 100 highest-yielding
plants that we do find and mate them to-
gether at random. Then we grow out 1,000 of
their offspring, measure them, and again se-
lect the best 100 to intermate. Through this
process we rapidly increase the frequency of
the large-impact yield genes. (See Figure 1).
After only nine generations, all of the plants
contain only high-yield genes! The time to
this achievement will depend on the life-
cycle of the plant, but it will be closer to 20
years than to 3 trillion.

We’ve explored the theoretical basis of
selecting for a trait not evident in a popula-
tion. Now let’s compare the theory to what’s

Generation 8
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Figure 2. Genotype distributions of a simulated population responding to selection. This shows how quickly new

genotypes can be developed through selection that would be nearly impossible to find in nature.
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happening in one of our actual breeding pro-
grams at The Land Institute.

In Figure 2 we can see what happens to
the distribution of genotypes in response to
selection. These are the genotypes because
they are the predicted distributions of how
the plants would grow without any envi-
ronmental influences. What we see initially
is the population tightly clustered around
low values. As selection rapidly increases
the proportion of plants having the high-
value genes, the population average begins
to increase quickly while also spreading
out - some plants are found to be very high
while others remain low, and the number
of plants near the average is reduced. After
about eight cycles of selection the varia-
tion has been exhausted, and now the plant
types bunch up at the high end of the range,
roughly mirroring distribution at the low
end before selection began.

Figure 3 illustrates actual response to
selection with Kernza (intermediate wheat-
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grass). In this case the number of plants
used, the selection method, and the number
of genes involved differ from the theoretical
example. Nonetheless, it is interesting to
see how closely the overall trend of response
to selection matches the theory. After just
three cycles of selection the average seed
weight more than doubles. In fact, the aver-
age of the last population is greater than the
seed size of the highest plant in the starting
population.

Although we’re well on our way to
high-yielding perennial grains, and the ge-
netic explanations are sound, can we expect
everyone to be convinced? Certainly not. It’s
simply in the nature of the human mind to
cling to the intuitive. Even when perennial
grains follow the sailing ships and “outrun
the wind,” many will remain skeptical.
Indeed, if ’'m honest I must count myself as
one who doesn’t easily let go of the intuitive.
After all, just this morning I mentioned the
sun “rising.”

Generation 1

Generation 2

Generation 3
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Figure 3. Response of Kernza seed weight to selection over three generations. Selection procedures varied among

the generations, and the selection always was for traits — yield and threshability — in addition to seed weight.
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Bob Reeves bags samples during harvest of Kernza, a perennial grass once used only for forage, but now

gaining in food seed size and yield through selection and breeding at The Land Institute. Reeves, from
Louisville, Kentucky, spent two weeks volunteering at the institute last July. Scott Seirer photo.
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Leaves and seeds and genes of grass

Transforming a wild relative of wheat to become a profitable perennial grain

STORIES BY SCOTT BONTZ

ee DeHaan’s boyhood farm

in Minnesota raised corn.

Compared with pre-agricultural

ancestors, the ears of grain were

giants. The leap between forms
came after humans reached what is now
Mexico, and began picking favorites from
corn’s progenitors. This way, as with wheat,
rice, and other grains, humans changed a
species’ face and fate. But the possibility
for these dramatic changes lay within each
plant’s nature. “The grasses are all really
very similar genetically,” said DeHaan, a
Land Institute researcher. “There is an
elegant developmental pathway that they
follow that works amazingly well in many
situations.” When people want lots of seed
to eat, these organisms have the flexibility
to provide. “The overall developmental
program is basically the same as a wild
grass, with just a few modifications, and we
have a grain plant.”

The fine pointers of that elegant

pathway have been a mystery. Now
DeHaan and others are drawing on a map
unavailable to their own ancestors. They do
so with plants long overlooked, but poised
for status in remaking the face and roots of
agriculture. DeHaan is developing a relative
of wheat, plant of the poet’s amber waves
of grain. For the land, and potentially for
the farmer, this relative may prove more
beautiful. Intermediate wheatgrass is a
perennial. All grain crops until now have

been annuals. Annuals are carpetbaggers
that thrive when soil is disturbed, and when
they die every year, soil can blow. Natural
landscapes are dominated by perennials.
Perennials are solid citizens vastly better
at tapping water and soil nutrients, and at
holding that soil to keep the community
of a landscape intact. “A perennial grain
has potential to simultaneously address
environmental, social, and economic issues
in agriculture,” said DeHaan. “Unlike
most approaches, we don’t have to choose
between production and conservation.
Perennial grains are the obvious outcome
of combining my two primary interests
in agriculture - agroecology and genetics.
Once you open up the breeding of new plant
types, ecological principles will dictate an
attempt to find plants that will cover the soil
year around while meeting our food needs.”
Compared with what millennia of
coaxing has brought from humanity’s other
grains, DeHaan’s plants are as yet short
on seed. Those “few modifications that
he wants are buried in complex genetic
instructions. Even with means now to
genetically read a plant’s future instead of
waiting until it makes grain, developing a
crop remains an endeavor of years. Other
perennial-crop candidates at The Land
Institute are expected to require two to
three decades. DeHaan hopes to have
Kernza, the institute’s trademark name for
wheatgrass, ready in one. He has already
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doubled the seed size.“It is much easier
than I ever imagined it would be,” he said.
“Clearly, the genetic variation for the traits
we have been selecting on is very large.”
(For his essay on the counterintuitive power
of selection, see page 4.)

ike all of the major cereal grains but

Lcorn, wheatgrass is an Old World
species. The plant first came to the United
States as a forage crop candidate in 1907,
but it didn’t take off until a variety from
the Russian Caucasus arrived in 1032. Now,
though not generally considered invasive,
and co-existing well with native plants, it
grows wild across western America and
Canada. It is one of the most productive
US forage crops. Compared with another,
smooth brome, it is more resistant to
drought and makes much larger seed. It
quickly forms a protective mat of roots and
underground stems called rhizomes that
raise soil carbon, even on soils degraded by
earth moving and mining. It can be crossed
with wheat, to transfer disease resistance,
and be the wild parent for hybrid perennial
wheat.

Beginning in 1983, the Rodale Institute
in Pennsylvania evaluated close to 100
species of perennial grasses for development
as grain. The researchers looked for seed
size and flavor, synchronized maturity for
harvest, heads held above leaves and stems
for harvest ease, threshability, resistance
to falling in storms, resistance to dropping
seed before harvest - shattering - and for
perenniality. (The last might seem a given,
but for perenniality there are degrees.) Their
winner was intermediate wheatgrass. From
the USDA and elsewhere Rodale obtained
wheatgrass originally collected in the Soviet
Union, Iran, Turkey, and other parts of the
eastern Mediterranean. In 1989 the 20 best
of some 300 plants were intermated, and 380
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progeny were evaluated until 1994. The best
1 plants of those plus three from another
evaluation were intermated. Seed from that
cycle’s premiers went to The Land Institute.
“They pretty much did the work for us” to
decide on a plant and get started, DeHaan
said. “I have come to believe that they made
a good selection.”

DeHaan was a graduate school fellow
with funding from The Land Institute, and
joined the staff in 2001 after earning his
doctorate from the University of Minnesota.
His first work at the institute focused
on perennial wheat. Depending on the
yardstick, wheat is the No. 1 or No. 2 crop
in the world, and making it a perennial has
great potential payback. DeHaan also took
on side projects, including wheatgrass. Most
of the side projects dried up. The plants
were not well adapted to central Kansas, or
were difficult to work with. By comparison,
Kernza is easy to grow and manage in
research plots. In September 2010 the
institute hired Shuwen Wang to take over
wheat, and DeHaan turned solely to a side
project that had blossomed.

DeHaan’s first big effort with
wheatgrass was to split each of 1,000 plants
into three and grow them at random places
in the field. He would average differences
that resulted from location, and better see
the contenders’ genetic values. The genetic
differences among plants turned out to be
so large that DeHaan decided cloning’s
precision was not worth the extra year
it took to grow plants for splitting. This
would also spare him reducing by two-
thirds the number of plants available for
finding those rare individuals that combine
valuable traits. Chances are better with
numbers. Since that first planting, selecting
the best results along the way, he has set out
increasing numbers of seedlings. Last year
the population reached 14,000.



\ \ JThat a decade of selection has

achieved encourages DeHaan. Seed
size in widely spaced plants has increased
more than 100 percent, in tighter field
plantings by about 45 percent. Seed heads
are bigger, and seed quantity has increased.
Yield, the weight of seed, has doubled both
per head and per field area. On average,
threshing ease shows a small increase.
Lodging, when plants fall over, hasn’t been
measured, but selection for yield and seed
size seems to have reduced it.

DeHaan’s progress came from an initial
gene pool of 14 Rodale plants. Compared
with the wild collections available from
the USDA, these made much bigger seeds,
and more of them. But while his population
grew, his selections shrank the gene pool.
“This is the proverbial ‘domestication
bottleneck,”” he said. In recent years
he worried about lost genes needed for
improving certain traits. So he combed the
USDA collections. He found varieties that
mature early - desirable in a plant that will
shut down come summer heat. “I have since
crossed these with some of the best plants
for seed yield in an attempt to create early-
maturing plants with high yield,” DeHaan
said. This is one example of how plant
breeders, even for an established crop like
corn, tap strengths from wild or old stock.

They must take care. Progress in
selection does depend on a population’s
genetic diversity for a particular trait, and
the larger the variety, the faster the change.
But there is a flip side. “You could cross my
very best plants with some terrible ones,
which would increase genetic diversity and
then increase the rate of progress from that
point,” DeHaan said. “But you would have
gone backwards in order to pick up that
increased progress. In the end, you may have
been better off sticking with less genetic
diversity.” For studied reclamation of

something lost in the bottleneck, however,
he is confident in the USDA collections. “We
have come nowhere near exhausting the
diversity available,” he said.

Though DeHaan is concerned about
losses, the diversity remaining in his refined
population might be larger than guessed.
Wheatgrass the species is outcrossing. An
outcrosser can’t pollinate itself, but mates
with a different plant, a different genotype.
In contrast, wheat’s flowers do pollinate
themselves. This makes for easier breeding
of a consistent crop. Outcrossing continually
shuffles genes to keep that spice of wild life,
variety.

esearchers at other institutions are

working to read Kernza’s genome
and help breeding work. (For more on
the technicalities of that work, see page
24.) Meanwhile DeHaan expands his field,
looks for the best plants, intermates them,
and keeps a detailed pedigree. Breeders
of perennial grasses usually use either
phenotypic selection or progeny testing.
Phenotype is how the plant appears, what
it actually becomes. This results both from
genotype, the specific but somewhat plastic
instructions from its parents’ combined
DNA, and from molding by a particular
place and time’s weather, water, soil, sun,
and other plants and animals. In phenotypic
selection, a group of select plants is mated,
and their seeds are thrown together and
planted at random. Then another round of
selection begins. The population improves,
but the breeder loses track of lineage and
is uncertain whether particular star plants
were born or made.

In progeny testing, breeders put seed
from, say, 500 mother plants in six plots of
differing place and kind. The plants in these
3,000 plots still are open-pollinated - fathers
unknown. But by watching the results over
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varying space and years, the breeder can see
which lines most consistently perform best,
and credit this to the known mothers. “You
go back to the holding pen where yowve
been keeping those,” DeHaan said. You

dig up the best ones, and then cross them
together for the next round of selection and
improvement. “You see that it takes lots

of resources and time, but you get a very
accurate measure of the true genetic value of
those 500 individuals.”

When DeHaan traced the lineage of
his plots’ proven best performers, he found
that most came from just a few families. So
he went on to crossing plants by hand, and
could keep track of not just mothers, but
fathers. He learned to read results in a way
never covered in his college plant breeding
courses, but used by animal breeders, and
increasingly by tree breeders. “It is not phe-
notypic selection, or progeny testing,” he
said. It’s based on predictions using a statis-
tical model that includes pedigree informa-
tion. “You use the information from relatives
in the year that you make the selection, rath-
er than growing progeny out in later years in
order to obtain the genetic information,” he
said. “All that is required is careful crossing,
record keeping, and statistical analysis.”

This will help take him to a depend-
ably productive plant. But when farmers
take to Kernza depends on more than pro-
ductivity. Above all is whether the crop’s
value exceeds the production cost. Because
they’ll take less time, inputs, fuel, and
equipment wear, perennials could become
profitable before their sale value matches
other crops. But DeHaan said, “Not only
must prices and costs be compared, but
risks.” Not only are there the risks of pro-
duction, but also the risks of price and in-
fluence of government programs and crop
insurance. Also, a farm is not just numbers,
but an ecosystem. Crops and livestock can
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interact in unpredictable ways for good or
ill. This remains to be worked out. “The
only thing we can be certain of is that we
will not be able to anticipate all the effects,”
DeHaan said. Because of all the complexi-
ties, he’s taken a simpler approach to es-
timating when Kernza’s time will arrive.
“Just look at the current specialty crops that
are grown,” he said. “How much do they
yield per acre? Consistently, the minimum
yield for specialty grain crops is about 1,000
pounds per acre. So I think we can be pretty
confident that if Kernza isn’t yielding this
much we shouldn’t recommend its use. If it
can consistently attain this level of produc-
tion, then it will probably be up to market-
ing strategies to determine at what point the
crop catches on.” Yields now vary widely,
depending on weather and management.
Test plots in the upper Midwest have pro-
duced more than 1,000 pounds per acre, but
in Kansas yields are generally less than 300
pounds.

harlie Melander raises wheat, milo,

soybeans, and cattle several miles south
of The Land Institute. For three years he let
DeHaan keep 30 acres in Kernza. It largely
kept itself, with no cultivation or herbicides.
“The Kernza was so competitive, it kept all
weeds out,” Melander said. Each summer
the grain was harvested, and proved no
trouble for the combine. In winter Melander
put about 30 cattle on the stubble. Melander
said the crop made excellent ground-
sheltering growth for control of erosion by
wind and water. It also attracted wildlife.
For the first time near his house he saw
quail.

Last year drought continued in central
Kansas, and the Kernza field finally suffered
for it, with a little less cover, and much less
grain, even as Melander’s wheat produced
a decent 40 bushels per acre. Kernza can



make more mass of leaves and stems, but

it transpires nearly all year. “Grain is very
sensitive to resources,” DeHaan said. “This
is really true of perennials. Annuals under
stress will set seed because if they are going
to die, only seed will see their genes into the
next generation. Perennials under stress will
cease growth, hoping to live for many years
to come. Seed production in a perennial is
generally the first thing to go when stress
sets in.” For one year of drought a perennial
might outperform the annual. “It has a larger
bank account to draw from,” DeHaan said.
Deeper roots reach more soil. This year he
saw high plant growth in some Kernza fields
- higher than an annual wheat field would
have - but almost no grain was produced.

A second part of this story is that
Kernza matures later than wheat, which has
been bred to quickly use spring moisture
to make grain. “Kernza grew luxuriously
for months, producing all of that biomass,
and then tried to head,” DeHaan said. “At
that moment, the stored spring moisture
was gone.” In the short term, Kernza prob-
ably will be better adapted to areas where
rainfall more regularly exceeds evaporation.
As the earlier yield figures show, DeHaan’s
test plots in Minnesota and Wisconsin have
done well. But just as wheat breeders did
before him, he is selecting for plants that
mature earlier, and he also wants to make
them thriftier with water.

Of his experience with Kernza, includ-
ing the bad year, Melander said, “I think it
was really worthwhile, because you can’t
test for this in a lab or a greenhouse.” He
said that if Kernza is developed for better
grain yield, while still needing no tillage
and no herbicides, and allowing cattle to eat
stubble, it will become competitive.

Even then, breeding will continue, and
farmers of perennial grains will still replant.
After a decade the worst weeds in a Kernza

field are likely to be volunteer Kernza plants,
competing with neighbors instead of making
grain. And with evolution of pests and
diseases, and of insight, a plant breeder’s
work is never done. “There is always
something new to deal with,” DeHaan said.
“The new varieties will almost certainly be
better than the old in some way. A decades-
old variety will likely be worth replacing.”

But the replanting should come far
less often than with annuals, as should
cultivating, spraying, fertilizing, and
possibly irrigating. Farming will be made
more elegant. From people outside The Land
Institute, DeHaan said, “I’ve heard things
like it would be the most important change
in agriculture ever.”

He guides visitors through his field
plots or greenhouse pots, and with a tour
given at certain lush time, he can see in
their eyes a beholding of beauty. “They are
inevitably attracted to particular plant types
at just the right growth stage,” he said.
DeHaan sees beyond this. “I like to say that
these plants are like puppies - cute when
they’re little, but they grow up and become
big dogs quickly,” he said. Green fades to
tan, leaves dry, supple stems stiffen. Atop
them heads grow fragile. But here are the
amber waves, and under the husks may be
riches. Each year DeHaan searches there
for big seeds. “The process of threshing,
weighing, and analyzing data is analogous
to the rush of scratching a lottery ticket,”
he said. On second thought, he said,“We
are confident that we’re not going to have
a sudden odds-defying breakthrough.” But
he is certain of making steady progress. “It’s
really more like getting that envelope in the
mail from your 4o01(k) when you know the
stock market has had a good year,” he said.
“Yowre certain the results are going to be
good, but actually seeing it with your own
eyes feels gratifying.”

THE LAND INSTITUTE 13



Xiaofei Zhang with Kernza at the University of Minnesota. Genetic analysis can help him predict early in a plant’s

life what traits it will develop. This should speed breeding progress. Scott Bontz photo.
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Growing Kernza in Minnesota

Crop candidate benefits from research, marketing power, and cooler climate

uch of The Land Institute’s
work to develop perennial
grains has been solo. Help
toward spreading these
plants over world cropland comes through
collaboration. The help can be particularly
strong when a partner has the resources of a
land grant university, plus soil and weather
where different lines of a new plant excel
and deliver bigger, market-enticing yields
sooner. Institute Kernza breeder Lee DeHaan
found this combination by going north from
Kansas to the University of Minnesota.

At the St. Paul campus, with acres of
open land surrounded by big city, Don Wyse
leads plant breeders, soil researchers, and
food scientists, including 14 graduate stu-
dents. He also makes deals with businesses,
lobbies the legislature, and hoes weeds. This
is all to get more plants covering northland
soil for more of the year. The effort is called
Forever Green Agriculture Initiative. It’s not
just about perennials, but includes over-
wintering annuals. It also is not just about
grains. Key is making sure that your chosen
plant has a profitable end use, and better
yet, has more than one. Kernza could make
grain, forage, and biofuel. Maybe it could
make cosmetics. “I don’t really care what
the hell it is,” Wyse said, as long as the land
gets covered, the soil and water protected. If
you can get farmers to earn money, he said,
they’ll plant.

Corn and soybeans dominate upper
Midwest agriculture. They are annuals, and
Woyse said their roots in Minnesota are ac-

tive for just two and half months, mostly af-
ter the region’s heaviest rains. “That’s pretty
wasteful,” he said. “The annual cropping
system is leaky.” It loses water, it loses soil,
and, with less chlorophyll production, it
loses solar energy. “Capturing more of that
energy is part of what we need for global
food energy.” He wants “high-efficiency ag-
riculture.”

With a land grant school’s staff, land,
laboratories, and equipment, his team has
more than the ability to breed new plants.
“We have the capacity to build enterprises,”
Wryse said. They pursue science, produc-
tion, end uses, and economic framework.
Potential partners include General Mills,
which Wyse said is interested in sustainable
food cropping. “They would have to build
a product off of a sustainably grown grain,”
he said. The university has deals with the
cosmetic companies Estee Lauder and Aveda
to use compounds from native plant species.
Wse is confident the Minnesota legislature
will soon approve for his broad project $15
million over 10 years.

His team is working on these perennial
plants: Flaxseed is a Minnesota native rich
in nutritious omega-3 fatty acids. Perennial
sunflower is a North America native also
being developed by The Land Institute.
Hazelnuts have a native species, a European
species, and hybrids. Willows can go to
construction and energy. Alders can could
be used for energy but grown on land un-
suitable for food crops. Kura clover makes
living mulch for grain crops. Kernza can
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\N\ /e know that for most of wheat disease,

intermediate wheatgrass has resistance.’

Kathryn Turner, University of Minnesota

make food, forage, and fuel. Take the valu-
able grain for food, Wyse said, and use the
residue for fuel. DeHaan said that doing this
with annuals will ruin soil. Study of peren-
nials such as hayfields show that almost ev-
erything aboveground can be cut and hauled
off for decades with no soil degradation and
no need for fertilizer. The Forever Green
project also develops plants to fit between
annual crops, and cover fields through
winter and early spring. Field pennycress

is seeded after harvest of corn or soybean
and resumes growth in spring after winter
dormancy. After suppressing weeds and pro-
tecting soil, it can be cut and its seed used
for oil and protein meal. Malting barley also
could be double-cropped with soybeans, if
it can be bred to overwinter. Early screening
of plant collections have found individuals
with winterhardiness.

eHaan took his Kernza plants to

Minnesota to take advantage of the
university’s resources, but the trip had ad-
ditional benefits. Growing the crop there
showed some plants that had been stand-
outs in Kansas were mediocre up north,
and plants unremarkable in southern Plains
heat shone in the cooler clime. This was not
a surprise. The same happens with other
grains, and farmers choose their varieties ac-
cordingly. But it showed which Kernza lines
to pursue in Minnesota.

It also showed that Minnesota is an
easier place to see big yields from Kernza,
which should bring quicker economic suc-
cess. The cool-season grass does better in a
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cooler, wetter place, exceeding Kansas pro-
duction by threefold. If the 1,000 pounds of
grain per acre obtained on Minnesota plots
is born out in field-scale plantings, the plant
might already be productive enough for the
specialty grains market, though not yet for
mainstream commodities.

Several Minnesota researchers are help-
ing develop Kernza. (For the food science
story, see page 19.) Most have other projects
too. One scientist focuses on Kernza full
time. Xiaofei Zhang is a plant breeder who
previously worked with wheat. He breeds
Kernza by traditional means, selecting
plants from how they appear in the field,
but this year will also begin exploring ge-
nomes. This should help him predict early in
a plant’s life what traits it will have, and so
speed breeding progress - though he’ll still
need to compare those predictions with ac-
tual performance in the field. (For details on
the genetics work, see page 24.)

With seeds from DeHaan’s third selec-
tion cycle to improve Kernza, he and the
Minnesota team planted a field in 2011 and
raised more than 2,000 plants, in 6g fami-
lies - each family having the same mother
plant. Last year Zhang measured traits like
biomass, grain yield, and seed shape, then
picked the best 200 plants. The seeds from
these plants were sowed last fall and will
be evaluated this fall. The breeding cycle
continues with more selection and crossing
of the best plants, including over winter in
the greenhouse. He plans to begin amassing
DNA sequences from his plants this spring,
and this summer begin combining that



information with field observations for a
model to guide genetic selection over several
generations.

Zhang will use genetic sequencing for
more than this pioneering selection. Over
evolutionary history chromosome sets from
three species combined to make intermedi-
ate wheatgrass, the wild plant being cul-
tivated as Kernza. A similar interspecies
hybridization made bread wheat. These
two modern plants are both from the wheat
tribe. The genomes of wheat and other ma-
jor crops are known in much more detail
than the still largely wild upstart Kernza.

So if there is a common subgenome, Kernza
breeders will have much useful genetic work
already done for them. This year Zhang will
look for that connection.

athryn Turner does not work directly
Kto increase a grain crop’s yield. She
works to keep that yield in the face of attack
by pathogens with names like bacterial leaf
streak, stem rust, and Fusarium head blight.
The University of Minnesota’s work with
wheat is primarily about disease resistance.
Turner, who is earning her doctorate, said,
I think it is the most important trait we can
give growers.”

Minnesota’s barley crop was devas-
tated by Fusarium head blight 20 years ago,
and it is making a comeback only now. Head
blight is hard to control with a fungicide.
It’s also the biggest disease affecting wheat.
But Kernza is resistant. It also stands up to
eye spot, tan rust, and a new threat from
African varieties of stem rust. “We know
that for most of wheat disease, intermediate
wheatgrass has resistance,” Turner said.

Before graduate school Turner spent a
summer working at The Land Institute. For
her master’s degree she studied perennial
wheat’s disease resistance and over-winter-
ing ability in Minnesota. For her doctorate

she’s looking at resistance to leaf rust in
bread wheat and durum wheat. She also
helps Zhang with Kernza, both for making it
a perennial crop and for improving wheat.

Growing Kernza as a grain crop might
increase its risk for disease, Turner said.
Accumulation of soil pathogens is more like-
ly with a perennial than with rotations of an
annual. She wants to address this potential
problem now. Devastation of a new crop by
disease for just one year would not only hurt
the food supply, it would discourage farm-
ers from planting a crop with potential to
conserve their land and water, and so make
more food in the long run.

Turner said Kernza fields in Kansas,
Minnesota, and Canada have not shown
much disease. The university’s field planted
in 2010 turned brown the next summer,
but the cause remains unclear - it might’ve
been dryness or heat stress. But the occur-
rence inspired close monitoring of disease.
In 2012 Turner walked the field, looked
at every plant, and sampled tissue. Most
plants showed very low levels of infection.
Of plants affected, the primary disease was
bacteria leaf streak, a relatively new disease
in wheat.

Unlike self-pollinating wheat, Kernza
plants must breed with other Kernza plants,
which makes every individual different.
Even within a family susceptible to leaf
streak there was much variation. The in-
dividuality makes difficult the replication
needed for a scientific solution. But it allows
selection of resisters. Turner dug up tillers,
side sprouts, from plants that resisted the
disease, and from plants that succumbed.
She divided and replanted the vegetation
for replication. This spring she’ll infect
them with leaf streak. The goal is to associ-
ate genetic markers with resistance. Then
breeders can better work toward attaining
strength in numbers.
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Marty Christians prepares holes for transplanting Kernza at The Land Institute. Scott Seirer photo.
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Kernza in food and drink

Brewing, baking, and the search for heavy molecules to make light bread

o succeed in solving the
problem of agriculture and
save soil, a perennial grain like
The Land Institute’s Kernza
must be able to succeed
financially, and to succeed financially it
must work not only as a crop in the field,
producing lots of manageable seed, but as
a food, handling well in the kitchen and
appealing to the palate. Land Institute staff
members have made and been pleased by
Kernza baked goods including pancakes
and quick breads. Kernza flour can’t yet
rise as well as bread wheat flour, however,
and a food scientist said that it needs flavor
improvement to go mainstream. But Kernza
appears to have the potential for bread
making, and fermentation during bread
dough rise eliminates the perceived “green”
flavor. Breeding might bring the mild flavor
favored by the big market. Meanwhile,
eaters who want success for the plant
already are happy with what it makes. It
also has augmented a beer, and is soon to be
used for whiskey.

Heartland Mill in Marienthal, Kansas,
has turned thousands of pounds of Kernza
seed into whole- grain flour. General
Manager Mark Nightengale said that though
the seed is as yet much smaller than other
grains, there are no problems in milling.
Heartland can use a hammer mill or a stone
mill for Kernza. Before milling there is a
challenge. Ninety percent of the seed keeps
its hull through the farmer’s combine, like
with oats and spelt. Land Institute re-

searcher Lee DeHaan wants to make Kernza
free-threshing like wheat, so it leaves the
combine naked. Meanwhile, Heartland’s
challenge ism’t great. Most oat seeds also
keep their hulls, and mills have de-hulling
machines. Nightengale said the Kernza hulls
come off much easier than oat hulls.

DeHaan has used the Kernza flour
to make pancakes, biscuits, quick bread,
cake, cookies, and scones. For The
Land Institute’s annual Prairie Festival,
Wheatfields Bakery of Lawrence, Kansas,
makes yeast bread combining Kernza
and wheat flours. For the same event the
institute sells sample bags of the flour, and
includes recipes. The institute’s managing
director, Scott Seirer, said buyers report
pleasing results. DeHaan says his results
have been unpredictable, but that baked
goods often have an extra moistness.

To learn what’s inside the seeds and
what they can do for eating, he returned to
his alma mater, the University of Minnesota,
and its Department of Food Science and
Nutrition. Tonya Schoenfuss, along with
three other university scientists, is working
through Kernza’s food qualities. With
thousands of flavor and texture compounds,
which may transmogrify depending on
preparation method, flour is as complex as
any fine wine. Schoenfuss’ goal boiled down
is this: “Can you make something out of it?
If you can get something, how does it taste?”
And can you get mainstream interest - can
you attract farmers and businesses like
General Mills?
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¢~ T hat stuff’s great for you. But it’s not what people

eating at McDonald’s every day are going to eat.’

Tonya Schoenfuss, University of Minnesota

She presented on her computer screen
photos comparing whole-wheat cookies with
Kernza cookies. Slight color difference, same
flat discs. Another photo compares bread
loaves. A whole-wheat loaf rises higher
than Kernza, and a white flour loaf rises
well above both whole grains. “It doesn’t
form that structure,” Schoenfuss said of the
Kernza. It’s like cookie dough, not tenacious
like wheat bread dough. It isn’t that Kernza
lacks gluten - unfortunately for people
with gluten intolerance. But it hasn’t yet
combined the heavy protein polymers that
make dough glutinous, able to trap carbon
dioxide from fermentation, and to rise.
Xiaofei Zhang is the university’s Kernza
breeder. He studied the plant’s seeds, and
found that Kernza had a similar number and
type of heavy proteins as common wheat.
This suggests potential for a wide range
of food products such as bread and cakes.
But the minimum of three of the proteins,
possessed by bread wheat, doesn’t seem to
have come together in Kernza test flour. The
flour so far has been from fields of diverse
individual plants. A Kernza plant can only
breed with another plant, not with itself like
wheat does, so its seeds remain genetically
diverse. Even the seed on the head of one
plant can somewhat vary, because each
might’ve come from a different father’s
pollen. But when all of the seed in a baking
experiment come from a single plant,

Zhang said, the results might be better
than anything seen yet in the food science
kitchen labs. In coming tests the Minnesota
team will enjoy the luxury of grinding nine
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distinct lines of DeHaan’s Kernza.

This still might not collect enough
heavy hitters. Then might come selection
and breeding. DeHaan said that complex
job, of gathering genes for the rare proteins
without losing genes for other trait gains
made over years, would take time and a big
investment.

Another possible explanation for
Kernza dough’s weak rise, Zhang said, is
a high bran content. This can cut gluten
formation. Kernza seeds are bigger because
of breeding, but still smaller than other
grains, and small seeds have a relatively high
proportion of bran, the outer coating, to
endosperm, the white, meaty portion with
most of the protein and starch. This ratio
will improve as DeHaan and Zhang select
their way to plants with bigger seed.

Kernza might have less gluten-forming
protein than wheat, but its total protein
content is higher, Schoenfuss said, 17 per-
cent versus 13 percent. This could be seen
as a nutritional advantage. As breeding
enlarges Kernza’s seeds, the endosperm
growth might come more in the form of
carbohydrate, and the protein proportion
might lessen. DeHaan doesn’t know yet, but
predicts that selection could produce either
higher or lower protein types, depending on
what is desired.

Schoenfuss knows that Kernza’s small
seed has less starch, about 44 percent versus
60-70 percent in wheat. The starch quality
is fine, she said. But there’s not yet enough
of it for a light cake leavened with baking
powder, in which baking gelatinizes starch



to hold risen structure. She has an under-
graduate student working on cakes. “I told
her, watch them while they’re baking.” Eggs
add volume to the Kernza cakes, but they
still collapse. Cake mixes already add starch,
however, and this could benefit Kernza.
Schoenfuss said that with larger seeds the
starch level probably will go up. “It works
fine in cookies,” she said. Cookies have lots
of fat and sugar, so the starch doesn’t gela-
tinize.

Both fermentation and heat can dis-
sipate compounds that give foods particular
flavors, and Schoenfuss said that yeast bread
made with Kernza has no taste to give one
pause. But in chemically leavened prod-
ucts like cakes and cookies, tasters detect
a “green note,” somewhat grassy. She said
whole wheat has similar issues.

If a staple ingredient like whole
wheat or Kernza carries a curious flavor,
Schoenfuss said, “You find a way to make it
taste better” through process or ingredients.
“You can do that now.” Pancakes with maple
syrup might taste fine. She said that a spe-
cialty marketer like Hudson Mill might go
for Kernza as is.

But that’s not the aim of the Minnesota
team. They want to make a product that’s
easy to use, easily marketable. If you re-
ally want to get more perennial grain on
the landscape for the sake of its health,
Schoenfuss said, you will want to do well
in the mainstream commodities market.
Bulghur wheat, quinoa, barley: “That stuff’s
great for you,” she said. “But it’s not what
people eating at McDonald’s every day are
going to eat.”

huck Magerl owns Wheatfields, the

bakery that puts Kernza flour in bread
for The Land Institute’s Prairie Festival. He
also manages Free State Brewing Co., which
has made and sold a couple of small batches

of Kernza beer at its brewery and restaurant
in Lawrence. The project has not spread yet
to retail with other Free State products in
stores in Kansas, Missouri, and Nebraska.
Grain supply is low, and efforts are still ex-
perimental.

Also planning to try Kernza is
Boulevard Brewing Company, which makes
beer in Kansas City, Missouri, and reaches
25 states. Brewmaster Steven Pauwels said
the company wants to operate as sustainably
as possible, and in a way most beneficial to
farmers. He said it also wants to find new
grains and flavors. The first Kernza will go
to a test batch of about 1,000 gallons. Like
wheat, Kernza will be brewed with the es-
sential malted barley.

Much of what brewers and bakers
want from grain is the opposite, Magerl
said. Bakers like protein, brewers carbo-
hydrate. Kernza now is relatively high in
protein. DeHaan now is working out basic
domestication traits. Later he may address
the protein : carb ratio. Though there are
obstacles with Kernza, as with any novelty,
Magerl said it has been used as an adjunct
to other malted grains, such as barley and
wheat, adding flavor that he called “nutty”
and reminiscent of roasted sunflower seed.
The beer shows a haze that might result
from Kernza’s higher protein. This won’t ap-
peal to drinkers who favor something like
a sparkling light lager. But Magerl said ad-
venturous craft beer drinkers put flavor over
visuals and won’t care.

Kernza’s appeal to Magerl is flavor and,
number one, that it is a perennial. “It offers
huge possibilities,” he said. “I think Kernza
has a solid place in our food future, and we
just need to see how many niches we can
find for that to be valued in.”

Another place in that culinary ecosys-
tem is spirits, such as whiskey. A young man
who visited The Land Institute a few years
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ago is on the verge of a commercial, blended
Kernza whiskey. Henry Tarmy and two other
men, brothers, built a 300-gallon still in the
basement of an old industrial building in
Ventura, California. Ventura Spirits doesn’t
want to make a new whiskey or vodka using
only, as Tarmy put it, “regular GMO com-
modity grains.” Their plans are for Kernza
and Southern California’s prickly pear cactus
fruits, persimmons, and kelp. The aim isn’t
just originality. It is to add value to products
of the distiller’s home place. Tarmy sees the
distillery as a vehicle of community. Many
spirits originated in inland farming cultures,
he said. When farmers had surplus, alco-
hol was a way to keep their labors’ fruit.
Now let’s say distilling was invented today,
Tarmy said: “Well, looking around, what
would be interesting in this place?”

Kernza is not obvious in that sense, but
it can grow in the West, and Tarmy said that
as a perennial grain it meshes well with the
goal of Ventura Spirits. Paraphrasing Land
Institute President Wes Jackson, he said he
and his partners want to see in the cropping
of their plants “conservation as a result of
production.” “We really don’t want to be a
net negative,” he said. “I would really love
what we do to add value, and not just to our
product, but to the earth.”

For liquor Kernza has desirable traits.
Before distilling, a mash of grains is first
fermented, and this fermentation requires
enzymes, either synthetic or from malted
grains. Tarmy said malted Kernza is power-
fully enzymatic, possibly because of high
protein. Also, mashes typically are com-
binations of plants, which mingle flavors,
and from Kernza the distiller will get what
Tarmy called “sweetness.” They plan to mix
it with “spicy” rye.

First they must get permits from three
levels of government. Tarmy hopes to begin
production in late spring.
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Plant trumps
farm method

For capturing nitrogen, more
vital than how it’s applied are the

plant’s roots and longevity

he first study of its kind
showed that within two years
after planting, the perennial
grain called Kernza beat annual
wheat at tapping groundwater,
building soil carbon, and, by a huge margin,
conserving nitrogen fertilizer. For absorbing
rather than leaking the nutrient, Michigan
State University researchers found, plant
type was even more important than fertilizer
amounts and kind.
Research already had shown that pas-
tures and hay fields, landscapes covered
by perennials for decades, are better than
annual crops at conserving soil nutrients,
soil life, and soil itself - so-called ecosys-
tem services. The Michigan State study
was made with the help of Land Institute
scientist Lee DeHaan and was led by former
institute graduate fellow Steve Culman. It
compared a perennial treated not as forage
but as grain, a crop fertilized and, though
perennial, every several years still in need
of rotation and starting over. The study
showed how quickly a perennial can pay off,
which will be important in winning the way
to market.
Researchers sowed seeds of the two
plants in fall of 2009. By 2011 the wheatgrass
had reduced moisture deeper in the soil



and reduced nitrate leaching 86 to 99 per-
cent - depending on how much was applied
- compared with wheat. This means the
perennial roots put more water and fertilizer
to use. In the second year one form of gaug-
ing soil carbon formation showed Kernza 13
percent higher than wheat. Increasing organ-
ic carbon improves soil, as organic matter is
about 50 percent carbon. First-year Kernza
grain yields were just 4.5 percent of annual
wheat’s, but second-year yields increased to
33 percent. DeHaan continues each year to
get more and larger seed from his selection
and cross-breeding of the best plants.

The study treated plots of each crop
three ways: organic, which was fertilized
with chicken manure, and synthetic nitro-
gen applied at rates moderate and heavy.
Organic and synthetic nitrogen applied
moderately leached past wheat roots at
about the same rate. The big difference came
with perennial vs. annual plants. “Annual
organic crops using legume or manure as
a nitrogen source can leak, but it’s the big
perennial root system that really stopped the
leaking,” DeHaan said.

In 2010, the study’s wheat yielded more
than 20 times more grain than did Kernza.
But in total aboveground biomass, with
leaves and stems, there came a near draw.
Next year both crops made more grain, but
although wheat biomass changed little,
Kernza’s increased dramatically, to two
times that of the annual. A plant breeder
can transfer that mass to boost seed produc-
tion. The Michigan report said that if total
aboveground productivity like Kernza’s in
the second year is kept for several more
years, and if breeding brings the ratio of
seed to total biomass near 30 percent -
wheat gives about 50 percent - the new
crop’s yield would be comparable.

The study appears in Agronomy
Journal.
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Comparison of how Kernza and wheat performed side
by side in Michigan, the summer after initial planting
and the following year, with nitrogen fertilizer applied
at a typical rate.
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Combing the genome

Land Institute collaborators mark DNA to speed and refine breeding

and Institute plant breeder

DeHaan doesn’t need to find

and fully understand all of

the genes needed to turn his

Kernza plants into a successful
perennial grain. But finding links to genes
could bring success sooner. So while he
selects star plants and builds a pedigree,
scientists elsewhere sift through the Kernza
genome.

Steve Larson is a research geneticist
for the USDA’s Agricultural Research Service
office in Logan, Utah. He specializes in
forage crops, and wants not only to help
DeHaan make wheatgrass a grain crop for
humans, but also get from it more and
better leaves and stems for grazing and hay.
In Kernza Larson found 50,000 sequences
of genetic code that were more than 400
molecules long and identical among the
plants but for variation at one molecule
position. For example, using the letters that
represent the four types of these molecules,
a sequence could start in one plant with
GATC, in another with GATA, in another
with GATT. These varying markers can be
associated with varying plant growth. The
markers needn’t define genes, the codes for
individual proteins. But good markers are
near enough to the gene sequence on the
chromosome that they stick with it over
generations of mating. If Larson sees that
plants with erect leaves always have the
same form of a certain sequence, he has a
helpful marker.

Seldom will the key be so simple.
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Jim Anderson, a wheat breeder overseeing
Kernza work at the University of Minnesota,
said that dozens or even hundreds of genes
might interact for a trait. But with enough
markers, no longer will breeders need to
wait months to find the best looking plants,
then work months more at measurement
and analysis to estimate how much of the
good result was due to genes and how
much to growing conditions. Instead they
will pull sequences from a mere seedling
and see particular strengths laid out in the
cards. Anderson compared it to a finger-
print. Correlation of field traits with genetic
data will allow prediction by fingerprint.
“I’s very powerful,” said Xiaofei Zhang, a
University of Minnesota scientist breeding
Kernza originally provided by DeHaan, with
the help of sequencing work complementary
to Larson’s. (For more about Minnesota’s
“Forever Green” program, of which this is
just a part, see page 13.)

Here is another way to look at the
power of markers. In traditional breeding,
the “selection unit” is a plant within a
population. A breeding population might
have thousands of genetically diverse plants,
and an unending possibility of diversity over
generations. The going with such a complex
is slow. In molecular breeding the selection
unit is reduced to a gene or marker. For any
given gene controlling differences in growth
form, such as variable seed size, scientists
expect only about 1 to 10 of the gene
variants called alleles. Or there might be no
variation. Likely a trait will be influenced by



Kernza breeding plot harvesters, led by scientist Lee DeHaan, left, take a break from their work. The harvest is

done by hand to segregate wheatgrass heads for seed analysis. Scott Seirer photo.

more than one gene’s contiguous segment
of molecular code. But by reducing the
examination to one select segment at a
time, the scientist can see and act with
unprecedented clarity and precision.
Together enough markers will allow
useful reading for desired genes scattered
throughout Kernza’s 42 chromosomes.
“The objective is to try to simplify
things,” Larson said. But he referred to
consultant Bill Jensen, who said, “The
paradox of simplicity is that making things
simpler is hard work.” Getting the markers
takes a great deal of time. His team spent
six months collecting and scanning genetic
material. He has tried to devote several
hours each week for the past year for
analyzing the information. And he has yet
to start the task of connecting markers with

traits. He must wait for and find mature
plants showing those traits across various
field plots. To this end DeHaan established
plots in Kansas last year. Larson will set out
clones of the same plants this spring, after
northern Utah’s colder winter. Then the
established plants will need another winter
before they set their first seed. Preliminary
analysis to connect markers with simple
traits might begin next year.

Meanwhile, Larson develops “high-
throughput assays” to read the markers,
to see which SNP variants appear in each
plant’s DNA. The technology will enable
him to check g6 sequences from g6 plants at
once - 9,216 genotypes in that “one relatively
simple experiment.” The laborious ground-
work will have made reading the genotype
very efficient. With improved machines, the
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per marker price of such assays has plum-
meted from as much as s5 to about 5 cents.

Minnesota’s Zhang said the approach
and technology he uses will yield thousands
of markers from across one plant’s entire
genome for less than $20. This is about
1 percent of what such work cost until a few
years ago. Before, cost confined breeders to
looking at only a few important genes and
markers. Now, Anderson said, “We have
the entire genome blanketed with markers.”
Zhang wants to see the price even lower,
since a plant breeder must deal with thou-
sands of plants.

Having a lab find markers will account
for only a fraction of plant breeding’s cost,
and though DeHaan wants to use what
Zhang and Larson find, he avoids pinning
on it expectation of a revolution. This is not

just because he can’t afford a quarter of a
million dollars to assay the markers of 14,000
plants - a cost that does not include col-
lecting tissue and extracting DNA. Kernza’s
genome is large and complex. A marker that
can be associated with a trait in one breed-
ing cycle might not remain so closely associ-
ated in the next. Genes interact. “This is a
very new area of science,” Anderson said.
Much of the work is theoretical. He said the
first comparisons between genomic selec-
tion and traditional are just now being pub-
lished. Zhang said, “Genomic selection is
certainly not perfect. Maybe there is a little
difference between the model and the real-
ity.” He’ll still need to check his sequencing
and statistical analysis against field results.
“You always need the field testing for verify-
ing at the end.”
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James Allen - Eileen Althouse - Clifford & Rebecca Ambers - Robert & Sally Ambrose - Kristin & William Amend - Jonathan
Andelson - Milton Andersen - Angela Anderson - Christopher Anderson & Suzan Fitzsimmons - Joseph & Hazel Anderson
Richard Andrus © Anonymous - Anonymous - Kenneth & Katie Armitage - Edwin & Marilyn Armstrong - Janet Armstrong
Thomas Arneson - Alan Arnold - Arrow Printing Co. - Stefanie Aschmann - Marc & Elinor Asher - Denise Attwood & James R.
Conner - Wayne & Joyce Attwood + Alexander Atwood - Stephen Bach - Sydney & Raymond Backstrom * Denise Backus * Stephen
Badman & Arlene Luberoff - David Bailey & Linda Henzel - Victor & Kathryn Bailey - Julene Bair - David & Karen Baker - Marian
Bakken - Matthew & Erica Bakker - John & Agnes Baldetti - Lawrence & Mary Baldwin -+ William & Caroline Baldwin - William
& Terry Baldwin - Kathy Baldwin-Heitman - Dorlan Bales & Kathryn Damiano - William & Sue Ellen Ballard - Bank of Tescott
Robert & June Bargar - Andrew Barker & Ana Ruesink - Claire Barker - Steven Barry - Ruth Basney - Wendy Bayer - Mark &
Marilyn Beaver - Robert Beers & Danicia Ambron - George & Katherine Beggs - Leroy & Marla Beikman - Kirk & Debra Benton
Nicholas & Lori Berezovsky - Beth & Charles Berg * Bill Berg * Garner Berg & Nancy Stanka - Don & Helen Berheim - Robert &
Elizabeth Berkebile - Alan Berkowitz & Miriam Straus - Greta Bernatz - Wendell & Tanya Berry - Robert Beug - John Bevan
Shantilal Bhagat - Chris & Mary Bieker - James & Peg Billick - Paul Birdsall - Richard Bjorklund - Harlan Bjornstad - James Black
Aaron & June Blair - Steven & Jane Blair - William & Anne Blessing - Peter & Eleanor Blitzer - Henry & Mary Blocher - Charles
& Dianne Boardman - Robert & Margaret Boatz - Walter Bodger - Mark & Terrie Boguski - Mark & Ellen, Lily & Nick Bohlke
Robert Bone - Steven Borgelt - John & Rosanne Bornholdt - Bruno Borsari & Julie Chiasson - Patrick & Ann Bosold - Joel & Edith
Bourne - Craig & Stephanie Bowron - Roger & Jan Boyd - Charles & Ann Bradford - Dennis & Jean Bramble - Elizabeth Bramhall
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Lois Braun - Linda Bray - Sheryl Breen - Russell & Patricia Brehm - Jay & Sara Bremyer - John & Regina Brennan - Ronald & Judith Britt - David
Brittenham & Carolyn Summers - Robert & Adrienne Brizee - H. Keith & Brenda Brodie - Susan Brook *+ Martin & Wanda Brotherton - Elizabeth Broun
D. Gordon Brown & Charlene Irvin-Brown - Dhira Brown - Jerome Brown - Marilyn Brown - Michael Brown - Owen Brown + Robert & Janet Brown
Thomas & Ruth Brown - Pete Browne & Julie Walker-Browne - E. Charles Brummer - Tyndol Brundage - Sarah Brunmeier - Will Brunner - Gregory

& Susan Bryant - Paul & Genevieve Bryant - Paul & Joni Bube * John Buchanan - Rex Buchanan - Bernard & Cynthia Buchholz - Caryl & Cynthia
Buchwald - Betty Buckingham - Matthew Buechner - Bunting Family Foundation - Erik & Jessyca Burke - Chad & Laura Burns + David Burris &
Meredith McGrath - Peter & Toshiko Busch - John & Eleanor Butler - Samuel Butler - Wayne & Anne Byrd - Patrick Byrne & Linda Brown-Byrne - Jane
Byrnes - Robert & Sara Caiola - Carl Callenbach + Andrew Cameron - Matthias & Barbara Campbell - Margaret & Edmund Campion - Janeine Cardin
& David Ritter - Jim Carlstedt - Meri Carlstedt - John & Diana Carroll - Dale Carter - Robin Cash - James & Marianne Cassidy - Addison Cate - Steven
Cates - Lorna & D. Caulkins - Cedar Valley Honey Farms - Benjamin Champion - Anthony & Daphne Chapin - Barry Chapman & Jessie Norris - George
& Marilynn Chlebak - Yvon & Malinda Chouinard - Barbara Chutroo & Tom Rivers * Andrew Clark & Barbara Andersen - Cloyd Clark - Elizabeth
Clark - Randy & Janice Clark - Regina Clark - Douglas Clarke & Bambi Semroc - Roland Clement - David Cloutier - Michael Clow * Frank Coady - Enid
& C. Lewis Cocke - Phillip Cole & Bonnie Williams - Ashley & Timothy Colglazier - Edna Collom - Shirley Comes-Jeffrey - George Comstock & Anne
Hillman - Kerri Conan - Cath Conlon & Mark Jennings - Brian & Ann Conner - Francis Conroy & Linda Hayes - Maren Cooke & Neil Donahue - Doris
Coppock - Kenneth Cramer * Edith Cresmer - Timothy & Sarah Crews - Sean & Joanna Cunningham - Lawrence Curtis - Maren Curtis - William Cutler
& Elisabeth Suter - Seth Dabney & Deborah Chessin - Derek Dahlen - Matthew Dahlhausen - Orren Dale & Rita Kunkel - Malcolm Dalglish & Judith
Klein - Daphne G Fautin & Robert W Buddemeier Fund - Sylvia Davatz - Ellen Davis * Evelyn Davis - Helen Davis * Steven & Mary Davis - Joseph Day
Thomas & Alison Dayton - Mark & Georgia De Araujo - Rodney & Jeannette Debs - Alice Jo & Stanley DeFries - Roger & Dorothy DeHaan * Shawn
Dehner & Jamie Purnell-Dehner - Susan Delattre - Lawrence Dell - Ann Denney * Guy Denny - Erik Denzer & Hannah Field - Gerald Depew & Dorothy
Lamberti - Al & Mary DeSena - Mari & Ed Detrixhe - James & Cynthia DeValerio - Calvin & Ruth DeWitt - Consuelo Diaz - Lori & Tim Diebel - Kara
Diffey & James Peacock - Lawrence & Lois Dimmitt - Sandra DiSante & Mark Stoppel - Noel & Diane Ditmars - Joseph Diver - John & Deborah Divine
Jan & Deborah Dizard - Jeffrey Doan * R. Edward & Carol Dodge - Otto & Barbara Doering - Fred & Arlene Dolgon - John & Janet Doran * Samir Doshi
Double J Farms Inc. - Gordon & Jane Douglass - Mark Doyle - Franklin & Kate Draper - Harold & Jill Draper - Alan Drengson & Victoria Stevens
Nathanael & Marnie Dresser - Rhonni DuBose & Phil Perry - James & Mary Dudley - Myrl Duncan - Donald Dunhaupt & Patti Hackney - Gail Dunlap
James Ryan Dunn - Evelyn Durkee - Blythe Dyson & Hannah Arps - Robert Edmiston - Terry & Susan Egnor - Thomas & Susan Egolf - David Ehrenfeld
Chris & Carol Eisenbeis - Julie Elfving - William & Helen Elkins - Myron & Deborah Elliott - Eldon & Susan Elmore - Ken & Pat Embers - Mary Emeny
Jean Emmons - Kristi Ennis + Philip Enquist & Joanna Karatzas * Emanuel Epstein - James Erickson - Larry & Laurel Erickson - Deanna Errico * The
Esperance Family Foundation Inc & Coco Newton - Claryce Evans - Elizabeth & Carl Evans - Linda Evans * Sam & Terry Evans - John & Katherine
Ewel - David & Patricia Fancher - The Fanwood Foundation/West - Eric Farnsworth - Daphne Fautin & Robert Buddemeier - Julie Fayen - Pauline

& Norman Fellows - Theodosia Ferguson - Miriam Ferrell - Rebecca Ferrell & Michael Golec - John Fichtner - Jay Fier - Aaron & Emily Fine - Lisa
Fisher-Ross - Jeffrey & Mary Fleming - Don & Mary Anne Flournoy - Theodore & Marlene Forke - Sam Forrest - Dana Foster - Victoria Fox - Foxwhelp
Fund of the Tides Foundation - Franklin Conklin Foundation - John & Julie Franson - James Frazier & Judith Bryan Frazier - Steven Freilich & Daphne
Greenberg - Jean French & Benjamin Fischler - John & Olga French - C. Dean & Elsie Freudenberger - Charles Frickey - Harvey & SuEllen Fried
Miriam & Merlin Friesen - Harah Frost - Phillip Fry & Peggy Miles - Thomas & Polly Fry - Fry Masonry - Bruce Fuelling - Richard & Judith Fuller
Fulton-Kunst Fund of RSF Social Finance - Richard Fyffe & Ida Casey - Brenda Gadd - John Gallman - John Gangstad - Joshua Garrett-Davis - Lydia
Garvey - Janice Gaston - George & Mavis Gehant - Jared & Cindi Gellert - Joseph & Janette Gelroth - John Gerber - Kendall & Karen Gerdes - Charles
Gessert & Barbara Stark - The Gessert Family Charitable Fund - Elisabeth Gibans - Julia Gibson - Mark Giese - Gladys Gifford & Alvin Schuster - Jack
& Kim Gillam - Susan Gillies - Kelly & Caleb Gingrich - Randall & Mary Gloege - Michael Gold - Samuel Goldman - Mary & Timothy Goldsmith
Jennifer, Gary, Caleb & Gabe Goldstein * Susan Gonzalez * Good Works Foundation - Barbara & Gregory Goode - James & Rebecca Goodman - George
& Suzanne Gordon - Nils Gore & Shannon Criss - David Gorsline - Oscar Gottscho - Howdy Goudey - Rebecca Graff & Thomas Ruggieri - Elizabeth
Granberg - Helen Graves - Daniel & Norma Green - Elizabeth & Wade Greene - Barbara Greenewalt - Shirley Griffin - Charles & Patricia Grimwood
Thomas Grissom - William & Laura Allene Grossman - Jonathan & Lois Grothe - Dean & Betty Groves - Alan Guebert - Wendell & Nancy Gugler
Phyllis Gunn - Paula Haas - Susan Haas - Michael Habeck - Philip & Patricia Hahn - Paula & Van Hall - Halliburton Giving Choices - Martha Hamblin
Naftali Hanau - Melinda Hancock - Joyce Hanes * Don & Nathalie Hanhardt - Leon & Judy Hannebaum - Patricia Hansen - John & Sharon Hanson
Gary Harbin - Gail Harshaw - Eric Hart - John Hart & Jane Morell-Hart - Gary & Lynne Hartshorn - Karen Harvey - David Haskell & Sarah Vance
Richard Haskell & Nancy Hamlett - Terry & Dianne Hatch - Bert & Dawn Haverkate-Ens - Lois Hayes - Daniel & Peggy Hebert - Jesse Heckman
Andrew & Denise Hedberg - Linda & Jeffrey Hedquist - Bernt & Suzie Helgaas - Bjorn & Leanne Helgaas - Jeffrey Helkenn - James Hemby - Rollie
Henkes - James Henson - Robert Herendeen - Eric & Mary Herminghausen - Susan Heyneman - Susan Scott Heyneman Foundation - Eleanor &
Kenneth Hiebert - Bette Hileman - Deborah Hill - J. David Hill & Martha Cooper - Stephen & Marcia Hill - Tresa Hill & Don Mayberger - Joe &
Virginia Hillers - Margaret Hilton * Thor Hinckley & Alison Wiley - Clinton & Nancy Hinman - Sarah Hinners & Christopher Pakso - Robert Hitchcock
Tim & Suzanne Hobson - Melissa Hochstetler - Anton Hodgers & Carol Statland - David Hodges - Joseph & Pamela Hodges - David Hoff - Amy
Hoffman - Joyce Hofman - Katherine Hoggard - Bridget Holcomb - Craig & Henrike Holdrege - Troy Hollar - Hunter Hollins - Lindsay & Benedict
Hollister - Glen & Leslie Holt - John & Deanna Homer - David & Tina Honey - John & Gloria Hood - James Hormel - Leo Horrigan & Margery Mclver
Shae Hoschek - Hospira - Gregory Hostetler - Hot Lips Pizza, Inc. - Keim & Sylvia Houser - Bruce & Debra Howard - Mark & Linda Howard - Scott
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Howard - Gary & Michele Howland - James & Catherine Hoy * Andrew Hryniewicz - Jerold & Bonnie Hubbard - Liz Huffman - Lewis Humphreys
Charitable Trust - Jon & Audrey Hunstock - Lee Hunter - Margie & Nick Hunter - Linda & Terry Hurst - Logan Hurst & Nancy Reynolds - Michael &
Mary Huston - James & Sara Hutchison - Charles Isenhart - Joseph & Franchon Jackson - Trish Jackson - Wes & Joan Jackson - M. Allen Jacobson &
Lila Daut - Jean-Luc Jannink - Mitchell Japp - Dorcie Jasperse - Charles & Melanie Jenney - Charles & Gerry Jennings - Chris & Sheral Jensen
Christopher & Rita Jensen - Harry & Ann Jett Donor Advised Fund - Allen & Debora Johnson - Duane Johnson * Eric Johnson & Michele Roesch-
Johnson - Guy Johnson - Larry & Pamela Johnson - Leigh Johnson - Lynn & Jacqueline Johnson - Michael & Gwyn Johnson - Vernon & Betty Johnson
Max & Helen Johnston - Gary & Marilyn Jones - lleana & Kimball Jones - Jimmy Jones - W. Paul Jones - James & Aidan Jordan - Joe & Barbara Jordan
Lucy Jordan - Walter & Mary Ann Jost * Todd Juengling - Suparna & Sameer Kadam - Kamut International - Michael & Shawna Lea Karl - Timothy &
Virginia Kasser - Jude Kastens - Kathleen & John Kauffman - Maynard Kaufman & Barbara Geisler - Tim & Sharon Keane - Jim & Sue Keating
Nazirmoreh Kedem - Richard Keller - John & Barbara Kellogg - Robert & Judith Kelly - Sally & Bob Kendall - E. Dale Kennedy & Douglas White
James & Virginia Kenney - Lee Kester - Stephan & Dawn Kettler - James Key * Bradley & Amanda Kik - Kate Kilmurray & Richard Sopp * Pamela
Kingsbury - M. Kirkham - James Kirkland - Frederick Kirschenmann & Carolyn Raffensperger - Ingrid Kirst - Kenneth & Marlena Kirton - Keith &
Amanda Kisselle - Susan & John Kissinger - Leslie Kitchens - Jay Klemme & Anne Wilson - Thomas & Grace Kneil - Ulrich Koester & Beth Kautz
Keith & Elizabeth Kohnen - Sharon Konen - Walter & Barbara Koop - Theodore Kooser & Kathleen Rutledge - Edward Kopta - Gayle Kosh & Howard
Kosh-Redekopp - William Kostlevy & Marilynn Patzwald - Jerome & Arlene Kowal - Mary Kowalski - Mark & Jean Kozubowski - Kima Kraimer
Mildred Krebs - Ralph & D. Anne Kresin - Keith Krieger - U. Beate & Douglas Krinke - Wesley & Elaine Kroeker - Ronald Kroese & Kimberly Colburn
David & Roberta Kromm - Adam & Aubrey Krug - Stanley & Lois Kruschwitz - Annie Kuether - Alan Kuhn * Gregg & Gretchen Kumlien - Catherine
Kunkel - Katharine Kunst & Katherine Fulton - Nancy Kuppersmith - Charlotte Lackey & Donald Barnett - Lakeside Corporation - Edward Lalor &
Paula Tompkins - Paul & Pamela Lander - Michael & Jane Landers - Melissa Landon - Daniel & Judi Lane - Steven Larrick & Janine Copple - David &
Kathy Larson - Loren & Elizabeth Larson - Mark Larson + Tom Larson -+ Mary Laucks & Brian Swanson - Laughing Stock Farm - Jeannine Laverty
Peter Leach - Marietta & Alden Leatherman - Jennifer Lee & Wendell Haag - Eleanor Leeper - Benedict & Ann LeFort - LeFort-Martin Fund, CCF
Leighty Foundation - David Leitch - Virginia Lepman - Rose & Brook LeVan - Nancy & David Levi - Charles & Jennifer Lewinsohn + Frances Schneider
Liau - Betty & Robert Lichtwardt * Louise & William Lidicker - Marie Lies * Earl Liggett & J. Arleta Rhudy-Liggett - Leslie Lihou - Janice Lilly & Cary
Buzzelli - Nancy Lindbloom - Edwin & Susanne Lindgren - Joseph & Beatrix Lindquist - Paul & Carol Lingenfelter - Donald & Nancy Link - Beth Little
Christina Litwiller - Carolyn Litwin - Jennifer Loehlin - Robert & Rachel Loersch - Jonne Long - Kenneth & Sherri Louis - Paul & Jeanine Lovell

Betty Lovett - Kevin Lowe - Richard Lowitt - Sandra Lubarsky & Marcus Ford - Anne Lubbers - Robert Lucore & Nora Carroll - T. Cartter Lupton
Lutin Curlee Family Partnership Ltd - George & Shelden Luz - Peter M. & Barbara A. Macdonald Charitable Fdn - Rodney & Sarah Macias - Michelle
Mack & Edward Ted Schuur - Kathleen Maddux - Mark & Alyce Maher + Grant Mallett & Nancy Tilson-Mallett - John Malone * Rosette & Michael
Malone - Charles Manlove - Clay Marcusen - Philip Margolis - Kevin Markey & Candice Miller - Joyce Markle - Ivy Marsh - Joanne Marsh - David
Martin - Francis & Christine Martin - Helen Martin - John & Ann Martin - Garth Massey & Sheila Nyhus - Joseph & Karen Massey - Ernest & Kathy
Massoth - Thomas & Nina Mastick - William J. Matousek Fund - Ardean & Robert Maxey - Matthew & Kathy Mayers - Joe Mazour - Karin McAdams
Gary McBee - McBride Family & Aspen Business Center Foundation & Laurie McBride - Virginia McCanse - Clinton & Cyndia McClanahan - Fred
McColly - Karen McCulloh - Harry & Charlotte McDonald - Christopher & Lynda McElroy - Alan & Terri McGaffin - Patricia McGrew - Elizabeth
McGuinness & Lance Marburger - Chris & Valerie McKay * David McKee * Deborah McKinley & Robert Nelson - Donna McKinley - David McMillen
Dorothy McNeil - Myron & Edythe McNown * Susan McRory & John Middleton - James & Diana McWilliams - R. Michael & Debra Medley - Jeffrey
& Yvonne Meessmann - LaNay Meier - Tom & Anne Melia - Merck Partnership for Giving - Thomas & Mary Mertz - Karl Meyer - Ronald & Katherine
Meyer - Patricia Michaelis - William & Nancy Michener - Sara Michl - Howard Mielke - Gerald Mikkelson - Kathy & Preston Miles - Nancy & Frank
Miles - Bart Miller & Lisa Seaman - Eleanor Miller - John Miller & Sandra Bot-Miller - Jonathan Miller - Kim & Dianne Miller - Mark L. & Julie Sager
Miller Fund - David & Florence Minar - Susan Miner - James & Sarah Minick - Richard Mitchell - Robin Mittenthal - Suzanne Mittenthal - Bonny
Moellenbrock & Michael Lowry - Dennis & Beverly Mohler - Robert & Susan Mohler - Judith Mohling - Barry Moil & Laila Goodman - Jeffrey Moline
& Kristin Groth - George & Diane Montgomery *+ Anne Moore  Susanne & Russell Moore - Donald & Ann Morehead - John Moreland - Faith Morgan
& Eugene Murphy - Minor Morgan & Sylvia Alvarez - Robert & Sharon Morgan - Kenneth & Faye Morley - Harold & Lucille Morowitz - Philip & Lona
Morse * Margaret Moulton - Donna & Richard Mowry - Samuel Moyer - Diane & Robert Muelleman - Thomas & Anne Mundahl - Dave Murphy & Lisa
Stokke - David Murphy - Cornelia & Robert Mutel - Jo Ann Myers - Koji & Susan Nakao - Karen Nease - Frank Neitzert - Harland & Corinne Nelson
John Nelson - Rupert & Delores Nelson * Stanley & Ann Nelson - Chris Neubert - Mark & Bonnie Neubrand - Paul Neukirch - Herbert & Pamela
Neumann - Joseph Neumann - Shirley Ney - Mike Nichols - Galen & Rudene Niedenthal - Wayne & Virginia Niehage - Richard & Patricia Nienow
Sara Nienow & Nathan Snodgrass - Trix Niernberger & Bill Preston - Dale & Sonya Nimrod - Bruce & Amy Noble - Jorge & Patricia Nobo - Douglas
Nopar & JoAnn Thomas - Annabelle Nordboe - Jayne & David Norlin - Richard & Elizabeth Norton - Zachary Nowak - Janet & John Nybakke - Jean
O’Brien - Thomas & Nancy O’Brien - Michael & Colleen O’Connell - Charles & Catherine Olmsted - Lawrence Olsen - Organic Valley Midwest - Jeffrey
& Maria Osborne - The Osborne & Scekic Family Foundation & Robert Osborne * Shoshana Osofsky - Richard & Christine Ouren - Lee Overton *+ W.
Dean & Doris Owens - Jerry & Carole Packard - Marian Page - George & Judy Paley - Earl & Jeanne Palm - Abraham Palmer & Julie Decamp-Palmer
Stan & Jeanne Pangrac - Harold & Dorothy Parman - Gregory Parsons & Dorothy Johnson - Kristina Pastoriza & David Goodwin - Lowell Paul - Steven
& Carolyn Paulding - Louise & Belden Paulson - Susan & George Pavlakis - Melissa Payne & Christian Fellner - Richard Peckham & Maureen Nowlan

Alicia Peden - Penn State Univ, Paterno Library - Gregory Penniston - C. Diane Percival - Jerry & Terese Perkins - Michael Perry & Carolyn Butcher
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Prairie Festival recordings

September 29-30, 2012, The Land Institute

NUMBER TITLE

Progress report

Fire, Ice, and the Future of Agriculture

Decarbonizing the Grid

The Farm as the Last Frontier

A conversation with Wendell and Mary Berry
Climates of Change: Resilience from the Bottom Up

35 Years: A Past and Beyond, the Future and Beyond

Total individual CDs X $15 =
Sets (one of each) X $90 =
Total

We accept checks and money orders for US
funds, and Mastercard, Visa and Discover.
Card purchases can be by mail, fax or
phone. Place orders to The Land Institute,
2440 E. Water Well Road, Salina, KS 67401.
Phone 785-823-53376. Fax 785-823-8728.

SPEAKER

Land Institute scientists

Michelle Mack

Eric Gimon

P. Sainath

Moderated by Brian Donahue

David W. Orr
Wes Jackson
Name
Address
City
State ZIP code
Phone
O Mastercard 0O Visa O Discover

Card number

Expiration date

Signature

John Pesek - Mary Ruth Petefish Charitable Lead Trust - Joan Peterkin - Paul & Karla Peters - John & Merle Peterson - Luann Peterson - Peter & Rita

Peterson - Katharine & Harry Petrequin - Joseph Pew - Evelyn Phillips - Michael Phillips - Walter & Karen Phillips - Loretta Pickerell - Chris & Meghan
Picone - Clare Pierson - Kathleen & William Pierson - Jonathan Pilch - Allen & Charlotte Pinkall - Robert & Karen Pinkall - John & Tari Piskac - John
& Lee Pitman * Dwight & LaVonne Platt - Frank Pommersheim & Anne Dunham - Frank & Deborah Popper - Kate Porterfield & Marvin Rau - Portland
General Electric - Paul Post & Kay Kelly - George & Alice Potts + Nora Pouillon - Kathy Powell & Stephen Griswold - Alison Power & Alexander

Flecker - Prairie Moon Nursery Inc - Marvin & Allison Pritts - Jerry Quance & Marcia Hall - Trucia Quistarc - Merrill & Beulah Raber

Raney Properties L.P. - Victoria & George A Ranney Jr Fund - Joan Ratzlaff - Neal Ratzlaff - William Rau & Susan Roche - Thomas Rauch & Joyce
Borgerding - Greg & Kim Rea - Donald & Kathy Reck - Andrea Redman & Matthew Loeser - Michael & Susan Reed - Don & Barbara Reeves - Paul
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[ want to be a perennial friend of the land

Here is my tax-deductible gift to support Land Institute programs

Please print

Name

Address

City State ZIP code

I authorize The Land Institute each month to

O Transfer from my checking account (enclose a check for the first monthly payment)

O Charge my credit or debit card

Os125 Os75 O$55 Os15 Os5 OOther: s Deduct on 0O5th of month 0 20th of month
Monthly giving: We will transfer your gift on the date you select, until you decide otherwise. You can change
or cancel your donation at any time by calling or writing. We will confirm your instructions in writing.

I authorize a one-time gift of
0$5,000 [Os$500 Os$250 Os125 Os50 O Other:s

Payment method: 0O My check, made payable to The Land Institute, is enclosed.
O Charge my 0O Visa O Mastercard 0O Discover

Account number Expires /

Signature

Clip or copy this coupon and return it with payment to
The Land Institute, 2440 E. Water Well Road, Salina, KS 67401 LR105

Regier - Raymond & Gladys Regier - Susan Reimer - David & Wendy Reinhardt - Richard & Joyce Reinke - Edward Remson - Stephen Renich & Cheryl
Umphrey - Jamie & Catherine Renshaw - David Rettele - David Rich - Kenneth Rich - Jeannine Richards - David & Jane Richardson - Mabel Richardson
Keith & Beth Richtman - Muriel A. & James Ricketts - Theresa Ripley - John & Lorraine Rittmann - Griffith & Mary Roberts - Betty Jane & Warren
Robinson * Sandra Robinson * Eugene Rodriguez & Eva Mesmer - Arlene Root - James Rose - Philip & Joanne Roudebush - Wolfgang Rougle - Aimee
Rowe - Martha & David Rowe - Ron Ruhnke - Christopher & Rochelle Ryan - Patricia Ryan - Wayne & Lou Ann Sangster - James & Helen Sauer
Marjorye Savage-Heeney & Barney Heeney - Robert & Hutha Sayre - Jeff & Celia Schahczenski -+ William Scharf - James & Louise Schatz - Dennis

& Linda Schlicht - Anne Schmidt - Joel Schmidt & Amanda Raetzman - Nancy Schmidt - Tom Schmiedeler - Carol Schmitt & W. Propst - Steffen &
Rachel Schneider - B. John Schole - Steven & Janie Schomberg - Claire Schosser - Elizabeth Schultz - Ralph Schultz Family Fdn - Peter & Helen Schulze
John & Ann Schuster - A.]. & Jane Schwartz - Virginia Seaver - Tracy Seeley - Lynette Seigley - Scott Seirer - Chris Seitz - Raymond & Mary Sell - Cecil
& Gloria Settle - Stan & Tommye Sexton - Suzanne Shafer - Charles & Joan Shapiro - Stuart & Diane Sharp - Kathryn Shattuck - Julianna Shaull & Eric
Howland - Frank Shaw & Alison Mary Kay - Stephen & Jeannette Shawl - Michael & Janet Shay - Kathleen Shea & Michael Farris - Gerald Shechter &
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Jennifer Logan - Lynn Sheldon & Daniel Hudnut - William & Cynthia Sheldon - Jim & Sara Shelton - Bob & Doris Sherrick - Deborah & John Shortess
Elizabeth Sidamon-Eristoff & Hunter Lewis - Robert & Bonita Siemens - Susan Sievers * Robert Sigmon - John Simpson & Sondra Goodman - John &
Carolyn Simpson - William & Janice Simpson - Sally Singingtree & Tom Bickford - E. Crichton & Martha Singleton - Lee & Mihoko Skabelund
Donald & Elvera Skokan - Kay Slade - Benjamin & Susan Slote - Stuart & Taryn Slote - Stephen E. Smaha & Jessica Winslow Fund - William & Carol
Smallwood - Dennis & Peggy Smart - Arthur Smith - Boyd & Heather Smith - James & Katherine Smith - Lea Smith - Lola & John Smith - Mark & Sara
Smith - Michael Smith - Ronald Smith - Vanessa Smith - Morrie & Sydney Soderberg - Seymour & Sara Sohmer - David & Susan Solenberger - Larry
Soll & Nancy Maron - Sidney Sondergard - SOR, Inc. - Courtney & James Spearman - Marianne Spitzform - Cindy Squire & Neal Meyer

Clayton Stalling - Gordon & Frances Stallings - Sylvia & Donald Stanat - Ronald Stanley & Mary Aldridge - Helen Stechschulte - David & Claudia
Steckel - Robert & Lyda Steiert - Michael & Alexandra Stephenson - Dean Stevens & Jennifer Johnston - Amanda Stewart & William Smith - Duncan
Stewart - Eric Stewart - Eric Stiegman - Paul Stolen & Deborah Amazi - George & M. Rosannah Stone - Pablo Stone - Bianca Storlazzi - Pete Stover &
Heather Entrekin - James Stowers * Muriel Strand - Gail Stratton - Brad Stuewe & Paula Fried - Virginia Stuhr - Donald & Laura Stull - Persis Suddeth
Brian & Jonita Suderman + Timothy & Karen Sullivan - Sustainable Settings - Joshua & Kimberly Svaty + Edward & Janice Swab - Gerald & Sandra
Swatfford - Christopher Sweeney - Toby Symington - Lisa Symons + Antoinette Tadolini & Charles Clack - Stewart Taffe - James & Betty Taylor - Termini
Associates - Ruth Terrill - Bruce & Sharon Texley - Gene & Patricia Thomas - David & Meg Thompson - Mark & Christine Thompson - John & Linda
Thornton - Musia Thornton - Bob & Cheryl Thummel - Ruth Anna Thurston - Frank & Judy Toman - David Toner - Douglas Towne - Sarah Trulove &
James Woelfel - Martha-Ellen Tye Foundation - United Electric - University of Kansas/Watson Library - Eleanor Unruh - Van Atta Associates, Inc.
Marjorie & Lynn Van Buren - John & Charlene Van Walleghen - Gregory Vanderbilt - Marcia & David VanLandingham - Susie Vawter - Donald & Joan
Veldkamp - Gary & Madelyn Verhaeghe - The Vervane Foundation - Valerie & Roger Vetter - Gary & Donna Via - Craig Volland - Vollbrecht Charitable
Account - Thomas von Geldern & Cynthia Skrukrud - Ronald & Nancy Vos - Verlon & Elaine Vrana - David Wadsworth & Heidi Betz - David &

Jane Waldie - Carol & William Walker - G. Trenholm & Susan Walker - Pamela Walker - Patricia & Samuel Walker - Tom Wallace - Wallace Genetic
Foundation, Inc. - Robert Wallis - Christel & Manfred Walter - Madaline Walter - Robert Walter - Nancy Warner - Thomas Warner - Julianne & James
Warren * Ken Warren & Nina Ainslie - Kenneth & Dorothy Weaber - Jim Weaver - Mark Weaver - Richard Weaver - Leonard & Margaret Weber
Robert & Judith Weeden - Jeffrey Weih - Steven & Rochele Weilert - Marc & Kathleen Weinberger - Georgette Weir & Jean Fouere - Ruth Welti
Robert & Kim Wemer - Wiley & DeVera Wenger - Dennis & Georgina Werner - Susan Werner - Steven Wernicki - Andrew & Jeannette Westlund
Westmoreland County Agricultural Land Preservation - Frank & Helen Wewers Family Fund - Valerie Wheeler & Peter Esainko - Robert Whelpley
Arthur & Jody Whipple - Brent & Ruth White - Jim White - Matt White - Sandra & David Whitmore - Paula Wiech - Bruce & Theresa Wiggins
Wiggins Family Fund & Theresa Wiggins - Carolyn Wilhelm - Brook & Emily Wilke - Cynthia Willauer - Julia Willebrand - Roslyn Willett - Linda &
Clifford Williams - Nicholas & Amanda Willis - Phillip Wilmore - Gabriel Wilmoth & Catherine Walsh - David & Barbara Wilson - Dorothy Wilson
John & Anne Wilson - Peter Wirth & Ann Fisher-Wirth - Jean Withrow & James Haggerty - S. Douglas Witt - Bruce & Kristina Wittchen - Kathleen
Wold - Anthony Wolk & Lindy Delf - George & Katharine Woodwell - Wooster Book Company - Work Family Estate Trust - Donald & Beverley
Worster - Richard & Sherrill Worthen © Angus Wright - David & Rita Wristen - Thomas & Karen Wuest - Nancy Wygant - Donna Wygle - Robert &
Janet Yinger - Carroll Young & Frank Neiswender - Debra Young - J. Lowell & Ruth Young - John & Jane Young - Rebecca Young - David & Linda Zahrt
Ruth & Mark Zalonis * Annie & Rick Zander - Randall Ziglar - Robert Zimdahl - Karl Zimmerer & Medora Ebersole * Ann Zimmerman & Dexter
Eggers * David Zimmermann & Emily Marriott + David & Ann Zimrin * Anne Zinsser - Richard Zundel - Virginia Zynda Family Foundation

IN HONOR

Kirk Barrett & Peg McBrien, from Bradley & Mary Barrett - David & Janice Norlin, from William & Joan Brock - Kriss Avery & Jim Rothwell, from
William & Joan Brock - Nath Dresser, from Dorothy Bullock + Wes Jackson, from Mark Carlson - Consuela Diaz, from Joseph DuPont - Garland Ferrell,
from Lauren Ferrell - Matthew Van Dyke, from Nancy Freeze - Greg Skala, from Joan Hazard - Benjamin Raue, from Jacob Hebert - David Sawyer, from
Susie & Paul Koontz - Michele Burlew, from Leslie Livingston & David Miller - Martin & Taylor Kimm, from Michael Lubbers - State of Illinois, from
Gordon & Margaret Mallett - G Winget, from Manfred & Susan Menking - Leigh Merinoff, from William & Cathy Onufrychuk - Matthew Peters, from
Anna Peters - Wendell Berry, from James & Karlene Polk - Andrew Sawtelle, from Susan Sawtelle - Kamyar, Laura, Nettie Gale, Ada Enshayan, from
Louise Warner & Clyde Gosnell - Caron Bijl, from Raymond Weil - Freddie Smith, from David & Rita Wristen

MEMORIALS

Carroll Barnard, from Laura Anderko - Lela Bentley, from Kimberly Bentley - Michael Bialas, from Megan Bialas-Potts - Edmund Connors, from Bruce
& Marti Connors - Marvin Blitz, from Tom Daly & Jude Blitz - Lloyd Dumenil, from Ann Dumenil - Bernd Foerster, from Enell Foerster - Todd Francis,
from Charles & Barbara Francis - John Gibson, from Jane Gibson & James Carpenter - Maynard Heckel, from David Heckel - Grover Mitchell, from
Harriet Hodges - Paul Huling, from Jean Huling - Dave & Joyce Hunt, from Catherine Hunt - Kent Christensen, from Leslie Livingston & David Miller
Mitch Mathis, from Charlene Mathis * Ben & Mary Smith, from Marcia & Michael Mayo - Matthew Eskeli, from Jean McMahon & Huti Reynolds
Charles/Angela Neumann, from William & Char Neumann - Paul Huling, from Helen Nicely - Martin Ballou, from Waid Rogers - Paul & Peter
Thomass/Beltemacchi (A), from Steven & Dawn Schuette - Alwin Rector, from Arthur Schwab & Janna Berger - Al Shaw, from Anne Shaw - Betty
Sheafor, from Douglas Sheafor - Marion Binford, from Ann Simpson - Charles & lvy Marsh, from Wayne & Claudia Smith - Daniel Stechschulte, from
Helen Stechschulte - Ralph Heine, from Sara & Grant Sterley - Sharon Clancy, from Vicki Voldal-Rosenau & Rodney Rosenau
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Land Institute scientist Lee DeHaan carries for transplantation a tray of Kernza seedlings. Stories inside tell how he and collaborators
in Utah and Minnesota are turning a wild perennial plant into a grain crop. Scott Seirer photo.



