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At the Land

CROSSING THE LINE

wild legume can spread seed

by pods splitting or by pods

falling off - pop or drop. It can

also do both. Among thousands
of observed plants, Illinois bundleflower
researcher David Van Tassel found 4o that
strongly held to doing neither: they kept
seed off the ground, like a domestic crop
plant.

About the same number were strong
for both popping and dropping, and the oth-
er plants scattered across the range among
all four corners of combined possibilities.

So the traits appear not to come from single,
independent genes.

This year Van Tassel will grow plants
from those 40 best. In a report to The Land
Institute board he called this a milestone:
“For the first time, next year we should have
some experimental populations that are uni-
formly non-shattering. We will have crossed
the line from a wild plant to a primitive
domesticate.” He’ll also plant from inter-
mediates on the pop-drop scale, expecting
to find among their diverse offspring more
seed-keepers, along with valuable notes that
might not appear in the top 40.

On another front, Van Tassel found
plants with unusually large pods and large
seeds. He plans to cross these with non-
shattering types next year.

Bundleflower, maybe the most impor-
tant North American prairie legume, already
has relatively high yield for a perennial. Its
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seeds pack almost as much protein as soy-
beans.

They also stink, and until now have
been difficult to make palatable. The odor
might be eliminated through breeding, as
similar chemical problems have been re-
moved from other legumes, such as alkaloids
from lupine. But that work could be com-
plex and lengthy. And until the moment of
consumption, the repellent trait is valuable.
“The bugs don’t go for the seed,” Van Tas-
sel said. “The rodents don’t go for the seed.
The birds don’t go for the seed. They’re very
protected.”

Land Institute technician Cindy
Thompson might have made a breakthrough.
Soaking the seed for 24 hours in a refrig-
erator nearly eliminated the bad odor and
flavor. Alternately, cooking the bundleflower
with a little baking soda in the water greatly
softened the grain and completely eliminat-
ed the offending chemical. The best previous
methods involved energy-intensive extended
boiling or roasting. Thompson also found
that sprouted bundleflower seed is quite
palatable.

Van Tassel wants to repeat these tri-
als. But he found literature showing that
nearly all grain legumes have chemistry that
inhibits nutrient digestion, and that soak-
ing, sprouting, and boiling with baking soda
help. “So IBF is in good company,” Van Tas-
sel told the board. “And we are not crazy to
be trying things like baking soda.”



Van Tassel also is domesticating peren-
nial sunflowers. A few years ago he found
among his Maximilian sunflower one plant
that made one relatively large head on one
stalk, like crop sunflower. Wild sunflowers,
annual and perennial alike, grow dozens of
branches and flowers. Now, working to de-
velop a single-headed Maximilian sunflower
has produced not only much bigger heads
than ever seen before, but some that shatter
much less than wild sunflowers. From his
experience with those, Van Tassel had ex-
pected the vast majority of his new plants to
keep less then 10 percent of their seed, and
only a few to keep up to 50 percent. What he
got ranged from o to 95 percent. The results
seem more a varied genetic accumulation

than the kind of recessive trait that Van Tas-
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Breeding bigger seeds from a perennial:

the bottom row came from an intermediate wheaigrass
forage variety, the middle from plants used to start
breeding work seven years ago, the top row a 2010
result with good yield and seeds 2.5 times heavier.

Lee DeHaan photo.

sel had despaired of seeing occur naturally.
Now the laborious process of artificially
mutating genes might not be needed. Van
Tassel called this a very exciting discovery.
More encouragement came with his
work to domesticate another sunflower, Sil-
phium. He has been selecting to increase the
number of seeds per head. Analysis showed
no correlation between seed size and num-
ber of seeds per head. There is no reason
to fear that increasing seeds will strongly
reduce seed size.

KERNZA AT A FARM

In the fall of 2008, Charlie Melander, a local
farmer and longtime collaborator with The
Land Institute, let us plant 30 acres of his
land to intermediate wheatgrass, a perennial
grain crop in the making. Our trademark
name is Kernza. In 2009, we tilled and cut
weeds between the three-foot rows. Last
August, Melander cut the Kernza with his
combine. The field was virtually weed-free.

“Wheatgrass must be very com-
petitive,” he said. “There just weren’t
any broadleaves, even though it had been
planted in wide rows.” On harvest day he
expected difficulty winnowing stems and
leaves from the as-yet small, light seed. “But
it was a beautiful grain sample,” he said.
The combine bin filled with a product as
clean as wheat. “It was easy cutting, easy
harvesting.”

In January, Melander put cattle on the
field. Their fare of winters past was sorghum
stubble. But they quickly took to eating the
dry Kernza stems while going for something
annual sorghum fields could not offer in
winter: bits of green growth. Like grazed
winter wheat, come spring the wheatgrass
should do fine.

Kernza researcher Lee DeHaan said the
hoof action might work biomass into the
soil. It also might beneficially thin the stand.
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As stands of grasses age, they become dense,
with more, smaller stems. This tends to
limit seed yield. Grazing also will help clear
the way for light to reach the plant crowns
in the spring. DeHaan has fenced off plots
for comparison.

In the greenhouse this winter, De-
Haan crossed some of the best plants in his
main breeding program with plants less
developed but outstanding for one of three
traits: large seed, early maturity, or seed that
threshes free and doesn’t require dehulling.
DeHaan is most interested in early maturity
genes. All of the plants in the main program
mature at about the same time. Some of the
wild plants mature about six weeks earlier.
This is near the time wheat matures, an
intentional result of breeding. And as with
wheat, genes for earliness could enable
Kernza to avoid Kansas heat and drought.

DeHaan plans this spring to seed
20,000 plants, quadrupling his field stock.
Breeding programs depend upon finding
the rare outstanding individuals. The more
plants that can be grown, measured, and
harvested, the faster progress will be toward
achieving perennial crops with higher yields.
The expansion depends on buying new
equipment for transplanting, weed control,
and data collection.

DeHaan will speak at a July 17-22 con-
ference in Logan, Utah, and will meet with
grass geneticists there. He said they are in-
trigued with the possibility of collaborating
on wheatgrass research, and plan to begin
mapping the genome soon. DeHaan called
this great news. Basic knowledge of the
species’ genetic structure, especially how it
relates to wheat, will speed breeding. For
more about this kind of work, see page 17.

TWO-CYCLE ENGINE

Developing a perennial grain might take a
quarter-century. Some stages can be halved,
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though not the whole process, with two
breeding cycles a year. A greenhouse allows
this on a small scale. But the chance of find-
ing plants with desirable but elusive traits is
better with a bigger population. Temperate-
zone Kansas fields allow one planting a
year. So sorghum breeder Stan Cox went to
Hawaii, and for the first time squeezed in
an extra generation on crop ground. It was
mostly a test run, but encouraging.

He found a commercial service on
Oahu, the Hawaiian Agricultural Research
Center, which also is hired by research-
ers to grow coffee, wheat, cane, and corn.
He mailed sorghum seed in October. The
center planted 30 rows of 50 plants each. In
January, Cox flew out to evaluate the work,
discern his desired hybrids from among
self-pollinated plants, and harvest the seed.
“They did a beautiful job,” he said of the
center. This included covering the entire
plot with netting to keep off birds, which
can wipe out a sorghum crop in one day.

The plants were healthy and grew well.
But Cox wants to select for many traits, and
for evaluating some of these Hawaii’s alien
environment isn’t good. In certain stages of
the work, however, “You can save an entire
year.”

This also could benefit The Land In-
stitute’s work with sunflower, another big
plant. The greenhouse can pack in many
more wheat and wheatgrass plants. They are
cool-season plants and wouldn’t be helped
in a tropical environment anyway.

The research center’s good work took
good pay, and Cox now wants to look for a
more frugal arrangement in Hawaii.

PRESENTATIONS

Land Institute presentations: April 11,
Brunswick, Maine. April 13, Williamstown,
Massachusetts. April 14, Schenectady, New
York. April 28, Brussels, Belgium.



FIELD NOTES

WIND POWER, WATER POWER and wood

fuel are parts of the year-to-year revenue of
sunshine. .. But when coal became king, the
sunlight of a hundred million years added
itself to that of today and by it was built

a civilization such as the world had never
seen. - Frederick Soddy, “Cartesian Eco-
nomics,” as quoted in Vaclav Smil’s “General
Energetics”

THE NESTERS HAD REMOVED a perennial
plant, a perfect fit for flat, wind-scraped
land, and replaced it with a weak annual.
- Timothy Egan, “The Worst Hard Time”

THE MIND LIKES a strange idea as little as
the body likes a strange protein and resists
it with similar energy. It would not perhaps
be too fanciful to say that a new idea is the
most quickly acting antigen known to sci-
ence. If we watch ourselves honestly we
shall often find that we have begun to argue
against a new idea even before it has been
completely stated. - Wilfred Trotter

>TIS NOT CONTRARY TO REASON to prefer
the destruction of the whole world to the
scratching of my finger. - David Hume

VISION 1s THE ART of seeing things invisible.
- Jonathan Swift

THANKS TO THE INTERSTATE highway sys-
tem, it is now possible to travel across the
country from coast to coast without seeing
anything. - Charles Kuralt

IF A PLACE IS IN YOUR BLOOD, you leave it
at your peril. You will never be happy any-
where else. - Caroline Llewellyn

IN MEXICO, I first encountered the attitude
that was missing from the optimistic in-
nocence of living in the United States: a
tragic sense of life. Such a sense doesn’t
force us into a closed somber cone of de-
pression and futility; it urges the opposite.
The tragic sense opens a human being to the
exhuberant joys of the present. To laughter,
carnality, the comical varieties of love, to
music and art, to the small human glories of
the day. - Pete Hamill

LIVING IS ABOUT INTERACTING with one’s liv-
ing surround. Without constant, unceasing
interplay with lives around us, like the pris-
oner in solitary confinement we are merely
enduring. We may have been persuaded
that the only living surround we need is

the human community, but the condition of
humankind today, to say nothing of the con-
dition of nature, suggests otherwise. - John
A. Livingston, “Other Selves,” in the essay
collection “Rooted in the Land”

WISDOM DEMANDS a new orientation of sci-
ence and technology towards the organic,

the gentle, the nonviolent, the elegant and
the beautiful. - E.F. Schumacher, “Small is
Beautiful”

WE WOULD RATHER be ruined than changed.
- W.H. Auden, “The Age of Anxiety”
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Averi Gengler sets young sunflower plants in The Land Institute’s greenhouse, where they now have better climate control, more space,
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and less disease. Scott Bontz photo.

A CLEANER, BRIGHTER PLACE

SCOTT BONTZ

n 2006, The Land Institute sent its greenhouse man-

ager, Tiffany Durr, to a greenhouse management class.

The institute was happy with Durr, but thought she

might bring back something helpful. She did. Durr
said, “It was a real eye opener for everything we were doing
wrong.”

She and institute plant breeders were at their best
in the greenhouse. But the building was almost 20 years
old. Gravel-packed floors and wooden plant benches had
accumulated enough leaf litter and other organic matter
to sustain a zoo of pests and diseases. Antiquated tem-
perature, humidity, and water controls further rattled the
plants. Heating and cooling thermostats worked indepen-
dently. Roof vents opened to dump in air so cold that it
fogged. After shocking the wheat, sorghum, wheatgrass,
and sunflowers, it triggered the heating system, which trig-
gered the vents, in an endless and wasteful feedback cycle.
The temperature over a week could swing 40-50 degrees,
far from the ideal sought in greenhouses. It hurt work to
get two breeding seasons in each year for the decades-long
endeavor of breeding perennial grains.

Durr asked for an improved environmental control
system. She said the scientists told her, “Dream bigger.
What would you really like?” Now, she and they have it.
Thanks to contributors to the institute’s ongoing Perennials
on the Horizon Capital Campaign:

- the greenhouse has two-thirds again more space for plants
within the same exterior walls.

- the plants enjoy more light.

- a concrete floor makes work easier and reduces diseases.

- pumps filter and recycle water for the plants.

- humidity is controlled.

- a unified, programmed regulator keeps the temperature
between 60 and 7o degrees.

THE LAND INSTITUTE 9



“Before we didn’t have any hope of keeping
it that tight,” Durr said.

For the first time, sunflowers in the
greenhouse are producing good amounts
of pollen, and breeder David Van Tassel
should, like the scientists handling wheat
and wheatgrass, be able to speed progress
by cramming in a winter generation. “I’'m
extremely happy with it,” said Stan Cox,
the institute’s senior scientist, and whose
sorghum had suffered sterility under the old
cold blasts. “The growth of plants is much
better.”

Before, walls split the greenhouse
into four rooms and a hall along them. The
walls are gone to make one big room, with
about a quarter more light, and interior wall
shadows gone. “It’s like what a greenhouse
is supposed to be,” said technician Adam
Gorrell: “open.” Durr said, “Space is a huge

advantage. Air flow is a lot better.” With
less shade and better, computer-designed
artificial lighting, plants aren’t going leggy
to compete. They’re shorter, like in the field.
A possible further reason: the narrower tem-
perature range lessening time to maturation
and flowering. A four-foot plant is easier to
handle for breeding work than a 6- or 7-foot-
er. Durr once stepped up on the benches
with the plants and still had to crane her
neck to evaluate and handle their heads.
Now she can stay on the ground and see the
flowers at eye level.

Another gain is in bench space for
plants. The benches are fewer but longer,
with less space needed between them.

They can hold 4,480 one-gallon pots. The
old benches could take 2,664. A quarter of
the space, about 1,000 square feet, remains
without benches, for taller plants.

ol

Alkat

The greenhouse had floors and plant benches filled with gravel that harbored plant pests. Scott Bontz photo.
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No longer can different conditions be
made in each room for different plants - a
cooler room for wheat, which grows in
spring, and warmth for sorghum, which
grows more in the summer. And a few of
the sorghum plants in the breeding gene
pool won’t flower unless day length is tropi-
cally short. They’ll require development of a
blackout system. Durr and the breeders fore-
saw all of this, and accepted the tradeoft.

In winter’s past, greenhouse workers
might at times need coveralls. Now they
could wear shorts. They also say the new
place is easier to keep clean.

“I really enjoy it,” Durr said, “and I’'m
really grateful to the donors who made it
possible.”

The $3 million capital campaign that in-
cluded the greenhouse remodeling has about
$300,000 tO gO.

When the greenhouse opened in 1988,
all watering was by hand. Then came drip
emitters stuck in the pots from the top and
fed by a tangle of lines. Now the pots sit in
plastic trays 6 by 24 feet atop the benches.
Water twice daily automatically fills the
trays for about 12 minutes while the pots
soak it up. Soil is more evenly wetted.
Unused water drains back for recycling.

At sunset an automated system draws
shades across the roof’s underside to cut
loss of heat through the transparent ceiling.
The old greenhouse couldn’t do that. And it
regulated the heating system by monitoring
air temperature. It’s better to go by soil tem-
perature. Now a sensor stuck in a pot in the
middle of the greenhouse signals for pump-
ing hot water through pipes in the floor and
plant benches.

Come summer, a high daytime tem-
perature will automatically close the shades.
A little more warmth will turn on a small fan
at the west end to pull air through from a
vent in the east. Warmer yet, and two large

fans at the west will pull more air through
a 22-by-6-foot cell of fiber filling much of
the east wall. In the next step, water will
soak the fiber for evaporative cooling. Last,
emitters above the benches will add mist.
Now researchers can use the greenhouse all
spring and fall instead of only during cooler
times.

This new way also will end clambering
over the fragile roof to drape it with a circus
tent-size shade cloth in spring, and being
stuck with the shade until fall regardless of
daily weather changes.

A light sensor controls when artificial
lights come on. Before they were controlled
manually - which might be neglected - and
were placed according to the plant breeders’
best reckoning. In the remodeled green-
house fixtures are set by the manufacturer’s
calculations to distribute the light evenly.

One greenhouse enemy is powdery
mildew. The Land Institute didn’t want to
fight it with synthetic chemicals. The new
environment has better air movement, hu-
midity control, and less harbor for mildew.
It’s still present, but a far smaller problem.
Bags placed over plant heads to control pol-
lination once became moldy, mildewy. Now
they can be re-used, three or four times. And
with no leaf decay in floor for laying eggs, so
far there are no white flies. Aphids remain,
and Durr must adjust how to use natural
predators.

Pests and disease are facts of life in
the world of a greenhouse. But The Land
Institute’s progenitors of perennial grains
now have a place cleaner, brighter, and
more healthful. “The plants are doing so
much better than they used to,” Durr said.
Plant breeders didn’t expect all of the larger
capacity to be used this year. But by late
January it had attracted them to fill it. Next
year, Durr said, I think there’s going to be a
battle for space.”

THE LAND INSTITUTE 11



Growth from an underground stem of corn relative Zea diploperennis that survived outside in a pot through what

for Texas was a hard winter. Plant scientists are trying to breed that ability into corn, and push all the way to win-
ters in Towa. Seth Murray photo.
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TO MAKE A PERENNIAL CORN

SCOTT BONTZ

orn is the most productive food

crop, and uses more land in the

United States than any other

- though now much of it feeds
cars. Its fields lost 465 million tons of soil
in 2007, the National Resources Inventory
estimated. Much of that soil is the best: rich
glacial deposits and former prairie of the
upper Mississippi River drainage. To make
corn a ground-holding perennial could be
one of the single biggest steps for preserva-
tion of the nation’s natural capital, and the
world’s.

The Land Institute chose to pursue
other perennial grains. It has only a handful
of breeders, and senior scientist Stan Cox
said corn already enjoys high attention at
leading agricultural schools better equipped
to address making it a perennial.

Researchers in New York, North
Carolina, and Texas are taking early steps.
Two face the challenges of time, cash, and
crossing corn with close tropical relatives
for a plant that thrives under temperate zone
extremes. But they are hopeful. A molecular
scientist wants to insert genes from a cold-
hardy North American perennial. He says
tremendous progress recently in the means
and pricing of genetic detective work put
the goal in reach.

Turning corn or any other annual crop
into a perennial means finding a perennial
relative and incorporating genes that tell the
plant to not quit and die after producing
seed, but to invest in underground growth

for winter and rejuvenate come spring. The
Land Institute’s Shuwen Wang is breeding
wheat with the perennial wheatgrass. David
Van Tassel is crossing annual crop sunflower
with wild perennial sunflowers.

Corn’s scientific name is Zea mays.
There are several Zea species and subspecies,
from Mexico and Central America. Two are
perennials. One of them, Zea perennis, in nor-
mal form has twice as many chromosomes
and won’t cross well with corn. Zea diplo-
perennis was unknown until the late 1970’s.

A college student found an isolated stand
in Mexican highlands. (See page 23.) A few
more stands have been discovered. But the
species remains rare. Diploperennis has the
same chromosome count as corn, 10 pair,
and the species can interbreed.

Jim Holland has made these crosses.
The offspring are vigorous, tall, big plants.
But the ears dor’t fill out, and the plants
aren’t perennial. He said, “We clearly need
to recombine some genes in the process.”
Holland is a US Agriculture Department
research geneticist at North Carolina State
University. He wants to study what makes
for perenniality in diploperennis, and how it
could do the same in corn. For that he needs
thorough field studies, and grants for genet-
ic analysis. Then he could go to breeding for
corn ears on a perennial plant. But Holland
said, “I have too many other things going
on.” He needs the help of a graduate student
or a technician. “We’re not set up now to do
perennial work.”

THE LAND INSTITUTE 13



Seth Murray was hired at Texas A&M
University to breed corn for resistance to
aflatoxin, a carcinogenic and occasionally le-
thal fungus toxin. Less than 10 percent of his
time goes to perennial corn. But his admin-
istration supports the effort as a novel way
to bring new opportunities to producers.
Murray works with Holland’s diploperen-
nis crosses. He also uses crosses with Zea
perennis, that relative with double the chro-
mosomes. But in this case breeder Donald
Shaver, developer of Corn Nuts snack food,
took a cross of perennis with a corn whose
chromosome count had been doubled ex-
perimentally, then found, through sieving,
smaller pollen with the same chromosome
count as regular corn.

Murray plants these hybrid populations
twice a year, at A&M in College Station and,
come fall, farther south. Perennial growths
appear in the baking Texas summer. But in
August the plants die off. Holland’s plants
can’t take North Carolina summers either.
The south Texas plantings of last fall did
appear to show perennial growth habits
this winter. Holland has used a nursery in
Florida, but didn’t have the time and money
this year.

The upstarts can’t yet take Corn Belt
hard freezes. But their gene pool is tiny,
from a handful of parents. And King Corn
also began in the tropics.

There is another hurdle from low lati-
tudes. The wild perennials sense the time
from dawn to dusk, and won’t flower during
the long summer days of temperate North
America. Holland’s crosses still flower too
late. This summer Murray will try to trick
his perennials. The model is a shade house
used by Germplasm Enhancement of Maize,
a partnership in Towa of the Agriculture
Department and industry. GEM breeds into
commercial corn helpful traits, such as dis-
ease resistance, from other corns and corn
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relatives found around the world. The shade
house can make a g to 5 day.

Getting the perennials and corn to
flower at the same time will remain difficult.
“It’s all a balancing act and hard to predict,”
Murray said. The perennials’ pollen in sum-
mer heat dies in minutes. The breeder must
catch the plant in the act of shedding and
quickly gather and transfer the pollen to a
corn plant’s silks. Until that moment they
are bagged to prevent fertilization by some
unwanted male flower, including its own.

In work with annual corn from Latin
America, the photoperiod problem generally
is overcome in the first cross with corn bred
for North America, Murray said. But if the
photoperiod gene is closely related to peren-
niality, then he’ll lose what he wants with
what he doesn’t.

A more certain challenge is that pe-
renniality does not result simply from one
gene. Edward S. Buckler, an Agriculture
Department geneticist at Cornell University,
said the trait likely involves 20-50 genes or
more. But this likely means no one gene is
that important, Buckler said: “You just need
to get it mostly right for it to work.” The
complexity is true not just with corn and its
relatives, but for all of The Land Institute’s
work of crossing annuals with perennials.
But institute breeders are progressing. And
corn enjoys the advantage of being one of
the most thoroughly understood species in
the world. It’s also closely related to other
wild perennial genera.

One of those is Tripsacum dactyloides,
known by the common name of Eastern
gamagrass. This North American prairie
native can already take the winters that
Holland and Murray’s tropical Zea crosses
have yet to survive. It’s also adapted to
Midwestern diseases. But Tripsacum has 18
pairs of chromosomes, to corn’s 10. Some
people continue trying to cross the plants.



Murray, The Land Institute’s Cox, and
others say perenniality genes won’t stick
this way - the Tripsacum will slough off the
genome over generations. Knowing those
genes, however, might help scientists find
and use them in the Zea species.

Buckler wants to find Tripsacum’s keys
for cold tolerance and engineer them into
corn. Technically this would be transgen-
ics. But it would be between species closely
enough related that a cross might occur
naturally, albeit not to the desired lasting
effect. Buckler recently mapped the Tripsacum
genome and has in the works a paper show-
ing the relation is closer than imagined. He
said, “There aren’t that many steps away
from cold-tolerance.” As with perennial-
ity, the trait involves multiple genes. But
technology is reaching the ability to insert
dozens of transgenes at once, Buckler said.
“I would try to put all hypothesized genes in
together and then apply breeding selection
to see which ones actually work.”

In just the past couple of years there
has been great advance in mapping genetic
code and in computer statistical modeling
for researchers. Developing a new annual
crop variety has taken six to eight years of
growing out and examining plants, Buckler
said. Once researchers have studied natural
variation in the plants, however, they can
look at the genes and, without even sow-
ing the seed, predict how the plant will
look and grow with high accuracy. They can
throw out the go percent of seed that was
expected to be bad. “Maybe g9 percent,”
Buckler said. And they can advance their
varieties in four months rather than years.
At The Land Institute, Wang is applying this

technique to perennial wheat. (For more
about the technique, see page 17.)

Buckler said that much of the advance
owes to drug companies and the National
Institutes of Health working to sequence
human genomes. Competition of machinery
manufacturers has been fierce, and prices
have plummeted. Now a genome region of
interest to a plant breeder can be read for
less than $20. This formerly would cost 100
times more. Sequencing of the corn genome
concluded last year, at a cost of $30 million.
Resequencing now could be had for $1,000.
It wouldn’t be of the quality that geneticists
prefer, Buckler said, but, “From a breeder’s
perspective, it’s plenty good. That has been
an amazing shift. That really opens up great
vistas for breeding perennial crops.”

Murray was inspired to become a
plant breeder - and of perennials - after a
high school teacher shared Wes Jackson’s
“Becoming Native to this Place.” Transgenics
is not his first choice. He said, “My phi-
losophy is, if it’s native, why bother?” And
though he thinks Buckler will succeed,
Murray doubts the job will be so easy. He
wants to focus on Zea perennis and diploperen-
nis. He hopes to expand their genetic pool
and achieve perennial corn by traditional
breeding. Buckler said Zea probably is the
best source for getting perenniality into
corn, but still needed is Tripsacum’s better
cold tolerance.

Holland doesn’t work with Tripsacum
because of the crossing difficulty, and is not
set up to insert genes like Buckler imagines.
But if someone else gets Tripsacum’s cold
tolerance into corn, he would work with it.
Holland said, “We might need it all.”
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“Late Shadows,” by Luigi Lucioni, 1944. Etching, 8% by 13% inches. Courtesy of Bone Creek Museum of

Agrarian Art, gift of Dr. Stuart and Lynn Embury, 2008.18.1.
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BIOTECH WITHOUT FOREIGN GENES

PAUL VOOSEN

or the past two decades, promises

of crop improvement have been

the domain of genetically modified

plants: mostly, crops supplemented
with bacterial genes to resist pests or weed-
killers like Roundup. More than 85 percent
of U.S. corn, soy or cotton grown contains
such genes.

But there is more than one way to
transform a plant.

Using advanced biotechnology, long
hidden in the background and only now
starting to pay dividends, scientists are
changing crops without tapping foreign
genes - and often without the regulatory
oversight that is given to GM crops.

Many of these crops use latent effects
of genes squirreled away in discarded seed
varieties to create breeds that at first glance
seem artificial. There is corn so infused
with vitamin A precursors that it practically
glows orange, rice that can survive more
than two weeks of flooded conditions, and
wheat that resists the advance of devastating
aphids.

Such specialized crops are possible be-
cause researchers are mastering the science
of breeding. Using techniques collectively
known as molecular breeding, geneticists
have started to return results in a variety of
plants, said Ed Buckler, a plant geneticist at
Cornell University who recently helped se-
quence the corn genome.

“We know that old-fashioned good
breeding works,” Buckler said. “And a lot of

that is an intelligent numbers game” based
on genetic theories elaborated by Gregor
Mendel more than a century ago. Molecular
breeding, he added, “is now a way to do
that much faster.”

Increasingly affordable with improved
technology, molecular breeding is becoming
the mode of business in the crop world, said
Bonnie McClafferty, development head at
HarvestPlus, a nonprofit funded by the Bill
& Melinda Gates Foundation that supports
molecular breeding research into improving
plant nutrition in Africa and Asia.

“People don’t understand that we’re
not working with Gregor Mendel anymore,”
McClafferty said. “The science is advancing,
and there’s a whole variety of tools to use.”

In fact, molecular breeding is only the
start of a bewildering diversity of biotech
approaches to crop development that defy
the conventional notion of splicing foreign
genes into plants. This next generation
could shake up what has become a stalled
debate - call it the Roundup Ready stale-
mate - by introducing GM crops that, for
example, use only their species’ native genes
or have the expression of their own genes
silenced.

While the techniques draw from the
same pool of knowledge, and travel together
in scientific circles, many environmental
groups do not oppose molecular breed-
ing, while stridently critiquing current GM
crops, according to Marco Contiero, the
European biotech policy director for the
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environmental group Greenpeace. “Genetic
engineering is just a part of modern bio-
technology,” Contiero said. “We are against
this specific application. We are not against
marker-assisted selection.”

Most scientists believe that molecular
breeding and advanced genetic modification
will eventually form a powerful tandem, said
David Baulcombe, a professor of botany at
the University of Cambridge and the chair-
man of a recent report issued by the United
Kingdom’s Royal Society on the future of
agriculture.

“Within genetic modification, youw’ve
got to remember there’s a whole bunch of
technologies,” Baulcombe said. “There’s GM
where you move plants’ genes around. GM
where you use artificial genes to silence gene
expression. And then there’s the technology
that is out in the field now in which bacte-
rial genes have been moved into the crop.”

For thousands of years, crop breeding
remained much the same: Farmers crossbred
plants with desirable traits like high yield,
as often as not reproducing those traits in
offspring. Mendel clarified the situation,
but conventional breeding practices today,
though stirred by developments like the
green revolution’s hybrids, would remain
roughly familiar to farmers of a century ago.

Molecular breeding has, to some
extent, overturned this framework, even
prompting some scientists to call for new,
post-Mendel theories of breeding. The tech-
niques rely in principle on the increasing
inventory of genes that have been identified
as influencing, if to a limited degree, traits
in plants. For some genetically simple crops,
like rice, these clusters of genes have strong
effects, while the genes of more complex
grains like corn and wheat have been more
difficult to pin down.

Most simply, once these genes, or bits
of DNA tied to the genes (known as mark-
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ers), have been identified, molecular breed-
ers can quickly target offspring inheriting
the genes for further development, cutting
breeding time and improving the crop’s “ge-
netic gain,” the generational improvements
made to a crop, like increased height, by hu-
man selection.

To little public notice, the world’s larg-
est seed companies, such as Monsanto Co.,
Pioneer Hi-Bred International Inc. and Dow
AgroSciences LLC, have used molecular
breeding to improve their seed varieties in
parallel with genetic engineering. At Mon-
santo, the practice has become so common
that, in a recent paper, the firm said “molec-
ular marker assisted breeding is becoming
our conventional breeding process,” noting
that many of its commercial crops are de-
rived with the process.

A company like Pioneer is well aware
of the expense and European resistance to
genetically modified, or transgenic, crops.
They will exhaust molecular breeding op-
tions before turning to GM, said John Soper,
Pioneer’s soybean research director.

“Both transgenics and the use of mark-
ers have risen in priority. ... I’s been a very
exciting time for us,” Soper said. “I still
think it’s kind of the tip of the iceberg on
both of these issues.”

Markers are also being used to breed
traits from otherwise discarded varieties
back into cultivated crops. A well-known
breeding technique called backcrossing has
become far more potent recently, as mark-
ers have allowed scientists to locate rare
offspring that retain only the desired - and
now detectable - genes from orphan crops.
Previously in backcrossing, many other
genes would also migrate from the orphan
plant, reducing yield or taste, to farmers’
dismay.

At least one trait added with molecular
breeding has already been introduced in



Asia and Africa: New varieties of rice that
resist flooding damage are now being ad-
opted in India, Bangladesh and Southeast
Asia. And corn rich in vitamin A precursors
is being targeted for release in Zambia by
HarvestPlus.

Crops made with molecular breeding
are not classified as genetically modified,
since the first step in their development is
pollination - an important distinction. Yet
they would be nearly impossible to create
without genetic engineering used to evaluate
gene function, said Nora Lapitan, a wheat
geneticist at Colorado State University.

Recent innovations have made it easier
than ever to “knock out” or silence the ex-
pression of selected genes. This gene loss
can then, in some rare cases, cause large
enough changes to demonstrate a genetic
function that can be targeted. These are bed-
rock trial-and-error experiments, Lapitan
said. “It’s really classic,” she said.

On its own, gene silencing is also being
used to create GM crops. Pioneer used the
method for soybeans that produce oil with
no trans fats, the type of consumer-focused
GM improvement seed companies have long
promised but failed to release. Many other
applications are arising - for example, Lapi-
tan’s lab discovered that inhibiting one gene
can broaden wheat’s resistance to the devas-
tating Russian wheat aphid.

Sometime in the near future, it is rea-
sonable to expect that crop genes could be
more easily shifted between species - say,
adapting the efficient photosynthesis of corn
to rice. But even discounting this future,
scientists can now move genes within crop
varieties, essentially accelerating a natural
process, Cambridge’s Baulcombe said. It is
an open question whether such modification
should be considered equal to introducing
bacterial genes.

Increased public-sector involvement in

crop development - much of which has been
ceded to companies over the past decades as
seeds evolved into patentable commodities
- will be needed to apply increasingly cheap
biotech improvements to subsistence crops
like cassava, for example, Baulcombe said.

“For many of those [crops], there may
not be an incentive for companies to get in-
volved,” he said.

Such innovation is required. Food se-
curity will be one of the pressing issues of
the next half-century as the world’s popula-
tion rises by several billion. That many hun-
gry mouths will necessitate higher yielding
and better crops, and advanced GM crops
will need to be a part of this mix, the Royal
Society said.

However, since many developing na-
tions lack the apparatus to regulate GM
crops, molecular breeding may be the quick-
est way to carve out immediate gains for at-
risk populations, like frequently flooded rice
farmers in Asia, scientists say.

Asian rice farmers get little warning
before floods.

More than 3 billion people in the world
depend on rice as their primary food, and
nearly one-fourth of the world’s crop is
grown in rain-fed lowland plots prone to
seasonal and sustained flash floods. Even the
most common, hardy varieties of rice will
die after four days spent underwater. Each
year, lowland floods in South Asia destroy
4 million tons of rice, causing chronic food
insecurity for subsistence farmers across
the region. More than 15 million hectares
- an area the size of Bangladesh - is com-
monly stricken, and the lost rice is enough
to feed 30 million people, said Pamela Ron-
ald, a plant geneticist at the University of
California, Davis. Now imagine if this rice
could maintain its traditional qualities, like
its robust yield, but could survive flooded
conditions for weeks. “[That] rice has the
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potential to fill this incredibly huge gap,”
Ronald said.

Using molecular breeding, Ronald
and Dave Mackill, a crop scientist at the
International Rice Research Institute in the
Philippines, have done just that, developing
multiple strains of rice that can survive for
more than two weeks in flooded conditions.
Varieties of the submergent-resistant rice -
nicknamed “scuba rice” - have already been
introduced in India and the Philippines,
with expansion into Bangladesh expected
within a month, Mackill said.

The mass deployment of scuba rice is
the culmination of more than a decade of
research for Mackill, who long ago identi-
fied a gene in rice’s DNA, known as SublA,
that seemed to strongly influence how a
weedy but flood-resistant rice variety in In-
dia - rejected because it had a low yield and
poor taste - could survive so much longer
than normal varieties. With molecular back-
crossing, Mackill, Ronald and their many
colleagues were then able to breed this
overexpressed gene into rice already popu-
lar in India, such as the legendary Swarna
variety. Previous attempts to backcross
this trait with conventional breeding had
always failed, reducing Swarna’s taste or
yield. “Conventional breeders can only bring
in one trait at a time that are very simple
traits,” Ronald said. The exciting aspect of
submergence was that they could bring in
what is known as a “quantitative trait locus”
- a more genetically complex region that
influences measurable changes to the crop.
“This is one of the very first instances where
we could tackle” such a locus, she said.

Rice has proved to be the best grain to
be manipulated with marker-assisted breed-
ing, Mackill said. It has a limited number
of genes - it was the first crop to have its
genome sequenced, earlier this decade - and
the individual genes tend to exert strong
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influences. Such individually powerful genes
can be rare in other plants. “That’s one of
the most difficult things to find in any crop,”
Mackill said.

Partly because other grains are not so
easily influenced by a few genes, molecular
breeding is not as popular in public breed-
ing circles as was hoped a decade ago, when
it first arose. Besides scuba rice, most other
published applications have been used for
disease or pest resistance, which are geneti-
cally simpler to breed.

There are other reasons for this lull.
Many genetic markers have only been dis-
covered this decade, prompting Mackill to
predict a large increase in molecular breed-
ing next decade. And, he adds, while seed
firms like Monsanto and Pioneer have in-
vested heavily in molecular breeding, none
of their research has been published, due to
competition.

Over the past two years, Pioneer has
stressed its use of molecular breeding to
improve its soy varieties, most of which
are also genetically modified. The base for
Pioneer’s soybeans is relatively simple, and
a lot of natural variation lies outside the va-
rieties typically used, said Soper, Pioneer’s
soybean research director. “In the future,”
Soper said, “we’ll be using some of these
new molecular tools to fish some needles in
the haystack that we can pull out.”

For a century, individual breeders, sci-
entists and firms have bred crops for their
capacity to improve yield - the amount of
crop grown. Yield is a far more complex
trait than Mackill’s flood tolerance. It is
not a matter of one or two genes - it takes
“dozens if not hundreds of genes to get what
farmers perceive as yield,” Soper said.

“We’ve done extensive modeling to
find genes that have been selected over
time,” he said. “Since we know that plant
breeders have bred for yield, we have a



theory that a lot of the genes have increased
in selection over time.”

These genes have had tangible yield
impacts, some increasing soy’s production
by up to a bushel. Over the last five years,
Pioneer has learned much about these indi-
vidual genes, and is now probing how they
interact, Soper said. “It’s not about simply
adding genes and stacking them,” he said.
Combine two genes that separately increase
yield, and suddenly the improvements dis-
appear. Add two others together, and the
effect doubles. “It’s complex,” Soper said.

Corn, also known as maize, is geneti-
cally complex - its genome, only recently
sequenced, was much more difficult to piece
together than the human genome. Its genes
have been active over the past 5 million
years, behaving selfishly and scrambling the
genome, giving the crop an incredible diver-
sity, Cornell’s Buckler said.

“There is as much diversity between
any two maize varieties as between chimp
and man,” Buckler said. “This is why breed-
ing efforts have been so successful in maize.”

Partially because of this complexity,
however, the type of molecular breeding
used for scuba rice has had limited success
for corn. Buckler made this clear in a paper
looking at what genes influenced the time
corn took to flower, where the many genes
surveyed had little impact on the trait.

“There really are no big effect [genes],
at least for flowering time,” Buckler said.
“That has an implication of how we’re going
to make progress in the future. ... [It] means
we can make very powerful predictions, but
also means it will be harder to figure out
individual genes.”

Given the limited power of individual
genes in corn, Buckler has established a
research method called nested association
mapping. His lab grows row upon row of
corn in upstate New York, crossbreeding

one reference strain - the widely grown

B73 — with 25 different varieties. (It took
seven years to breed the populations.) These
diverse populations, combined with high-
powered computation, should allow breed-
ing predictions for a variety of incremental
improvements in traits like drought toler-
ance, nitrogen use, and aluminum tolerance.

Buckler’s lab and many others have
begun to use what is considered the next
step in molecular breeding, called genomic
selection. First pioneered by cattle scientists
earlier this decade - there is an actual field
called “bovine functional genomics” - ge-
nomic selection capitalizes on computing
power and the large number of markers now
available to rapidly make breeding decisions
based on every gene influencing a trait, not
just a few.

“[1t] allows very accurate predictions
even with small effects,” Buckler said.

Buckler’s fields have already helped
identify genes that provide a threefold in-
crease in the vitamin A provided by corn,
turning ears a brilliant orange. The crop will
be used by HarvestPlus in Zambia, part of
its effort to develop staples that contain nu-
tritional, and not just yield, improvements.

Buckler, Ronald and others are bullish
on the potential of molecular breeding and
advanced GM crops. But they remain wary
of making predictions of genetic mastery
that characterized the field previously. Much
needs to be learned about the influence of
environment on gene expression, they stress.

Yet it is clear that the promise of genet-
ic engineering and molecular breeding has at
least started to catch the hype.

With so many crop genomes se-
quenced, there is “so much more informa-
tion that is available now than 10 years ago
... an overwhelming amount,” Ronald said.
“There’s enough to occupy us geneticists for
the ends of our lives,” she said.
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THE LIVING LIBRARY

HUGH ILTIS

n early 1976, I sent a large New Year’s

card, really a poster, to botanists

around the world, following an annual

tradition of our herbarium at the
University of Wisconsin to keep friendships
alive, and to cajole, inspire, and arouse my
taxonomic colleagues to their environmental
responsibilities. A confirmed plant-lover and
hard-line preservationist, I am awed by the
beauty, elegance, and usefulness of the plant
kingdom, and the (undoubtedly inherited)
human need for contact with nature.

Since the overall goal of my annual
message is to help restrain the steady,
worldwide march toward environmental
degradation in the name of progress, 1
never expected this mailing to lead - in an
exquisite example of scientific serendipity -
to perhaps the most important discovery of
my scientific career.

Each poster features a plant that, for
one reason or another, I consider significant.
The 1976 edition portrayed my drawing of
Zea perennis, a perennial grass, one of several
corn relatives that Mexicans call “teosinte,”
the “grain of the gods.” As an expert on the
evolutionary origins of corn, Zea mays, ’'m
fascinated by the structural changes that
occurred when teosinte evolved into corn,
and every one of the species of the genus
Zea is important to me. Furthermore, wild
crop relatives supply plant breeders with
new genes that allow crops to adapt to new
conditions, and since corn is the third-

largest crop on the planet, teosintes may
well turn out to be critical to the global food
supply. (To be quite clear, though, I see the
problem not as one of growing more food,
but as one of growing fewer people!)

Zea perennis had last been seen in
the wild in 1921 at its only location, in
western Mexico, by two US Department of
Agriculture botanists, who introduced it to
university greenhouses, including ours at
Wisconsin. Since I, and other botanists, had
tried to relocate the wild population and
failed, I wrote “extinct in the wild” next to
the drawing, mailed off some 250 posters,
and went back to my other duties.

My attention was forcibly returned
to the teosintes two years later, when I
received a handwritten note from a man
who worked for a messenger service in New
York City. “I know little about corn,” wrote
Anthony Pizzati. Nonetheless, he said, a
Mexican friend had found “perennis ... the
long-lost original corn.” Pizzati concluded
with a question that, for the beauty of its
understatement, made me laugh. “What
do you think - interesting?” I reasoned that
Pizzati could only be referring to Zea perennis,
so I directed a graduate student, John
Doebley, to answer his letter - what else are
graduate students for? - and see if we could
get some seeds and find out what Pizzati
was really talking about.

Before we go further, I should explain
a little about the “old-fashioned science”
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that has consumed my career, taxonomy,

the classification and naming of living
organisms. In this age of gleaming molecular
laboratories, available only to those who
have survived endless technological training,
field taxonomy must seem rather quaint.

Yet without such taxonomy, Charles Darwin
would not have recognized the principles

of evolution - and thus not initiated the
greatest intellectual revolution of all times.
Without taxonomy, evolutionary biologists
can’t know what they are talking about.
“Nothing makes sense in biology except

in the light of evolution,” said Theodosius
Dobzhansky, the great Russian biologist.

Now, as in Darwin’s time, we field
biologists take our clues wherever we can.
We get help from the oddest sources - often
from people we’ve never heard of. And we
stay in touch, because we need each other.

As 1 later reconstructed the events, my
poster had been placed on a bulletin board
at the University of Guadalajara by the local
taxonomist, my friend Luz Maria Villareal
de Puga, who, slightly irked, had urged her
students, “Go and find this teosinte, and
prove that gringo Iltis wrong.”

Maestra Puga’s forthrightness fired up
Rafael Guzman, one of her undergraduate
students, to hunt for this Zea perennis.
Guzman went to the original locality in the
mountains of Jalisco, a state that runs from
the Pacific coast to the Sierra Madre de Sur
and over to the capital city, Guadalajara. By
the second day, directed by a knowledgeable
campesino, he’d dug up a sterile plant and,
back at the Universidad de Guadalajara, it
proved, in the next two months, to grow
into the long-lost Zea perennis.

Rafael is a persistent, determined
fellow. Most students might have stopped
at that point, satisfied to have refuted the
Norteamericano expert - but not Rafael.
Within a month, he learned from a fellow
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student that Zea perennis was growing in
another location. Guzman located that
population and sent me seeds - by this time,
we were in contact by mail. When grown

in Wisconsin, this teosinte turned out to be
not only a perennial, but, one with half the
number the chromosomes of perennis. It was
a totally new species, and we soon named it
Zea diploperenns.

Unlike Zea perennis, this species freely
interbreeds with corn, which raised the
possibility that the crop could be grown
for several years from one rootstock. If corn
could be grown as a perennial, like apples or
hay, it would lead to a tremendous savings
in soil erosion and an improvement for the
farmer’s bottom line. The discovery was
promising enough to earn coverage on the
front page of The New York Times.

But Zea diploperennis has an attribute
that I consider much more significant:
USDA specialists in Wooster, Ohio, showed
that it is immune to, or tolerant of, seven
corn viruses, and is the only member of Zea
that is immune to three of them. As if to
demonstrate how wild relatives supply raw
material to plant breeders for improving
crops, Zea diploperennis has been studied by
every seed corn company in the country, and
its immunity has already been transferred
into corn, at least in South Africa.

But since I’'m a conservationist and
preservationist, to me the most important
echo of that challenging New Year’s poster
was the establishment in 1987, after eight
years of frantic talking, writing, and outright
pleading, of the 350,000-acre Sierra de
Manantlan Biosphere Reserve, under the
direction of the University of Guadalajara.
What with Zea diploperennis scattered on some
goo acres of the reserve, and nowhere else
in the world, this became the first reserve
established principally for the preservation
of a wild crop relative.



The Sierra de Manantlan reserve
stretches up from tropical forests at the
base, to oak and oak-pine on its slopes,
and cloud forests on the top. Its biological
diversity is enormous: although the
reserve is only about 1 percent of the size
of Wisconsin, it has one-third-again as
many higher plant species - 2,650. But this
botanical treasure house is threatened
by increasing population pressures from
neighbors who depend on it for wood,
pasture, and water.

The final result of that not-quite-
accurate New Year’s poster was to start
a long, fruitful collaboration between
University of Guadalajara and the University
of Wisconsin, in which more than a dozen
students have come here, many, including
Rafael Guzman, for advanced degrees.

What have [ learned from all this?
With botanical exploration, you can never
tell what yowll find - or where yowll find
it. Genetics, now almost the archetypal
high-tech science, is still dependent on
information that plants and animals have
been storing up since the beginning of life.
When we need a corn that resists a new leaf
blight or virus, we may be forced to turn
to the “living library” of corn relatives, the
teosintes. And if we allow that library to be
destroyed - or if we stop communicating
with the people who know where the
“books” live and what they contain - our
children may be faced with disaster that
they will not be able to survive.

As Carol Bartz, the CEO of Autodesk
Inc., a software company, said, “Most of us
are put on this Earth to do one simple thing
- and that is to be a good ancestor.” Both
from a biological and moral standpoint, we
cannot, must not, do less.

Originally in Re5’D Innovator, June 1994.

WHAT WE KNOW

WILLIAM SHELDON

We come to this place and begin by naming
the things we know: Big Bluestem, Little
Bluestem, Switchgrass. We indulge

a moment’s satisfaction, move on:

“Red Tail,” we say, and later,

squinting against the impossibly

bright sky, ask, “Cooper’s Hawk?”

Now we are less certain

of our birthright, as the Cottonwoods
obscure our sight; now we are closer

to our home. We make our way,

unsure, and at our feet, everywhere,

the stone for which we have named

a place that has carried on

under other names, and none. This

is the place we want to come to, walking
in grass waxing our hands

when we roll it in our fingers,

walking under the smell of trees

whose heart-shaped leaves

sing up the wind,

and when the bird rises again

above a band of green,

soaring into the golden circle,

it does so as a god. Now,

we can sing this moment,

this place.

THE LAND INSTITUTE 25



PRAIRIE FESTIVAL RECORDINGS

September 24-26, 2010, The Land Institute

QUANTITY TITLE
Donnelley lecture on restoration and conservation
Restorative economics for a post-carbon planet

The farm inside the body: agriculture and
child development

SPEAKER
Wendell Berry
Joshua Farley

Sandra Steingraber

What is wealth? Scott Russell Sanders
What has been a series is now becoming a succession Wes Jackson
Total individual CDs X $15 = Name
Sets (one of each) x $60 = Address
Total City
State ZIP code
We accept checks and money orders for US
funds, and Mastercard, Visa and Discover. Phone
Card purchases can be by mail, fax or O Mastercard O Visa O Discover

phone. Place orders to The Land Institute,

2440 E. Water Well Road, Salina, KS 67401. Card number

Phone 785-823-5376. Fax 785-823-8728. Expiration date

Signature

had no daily intimacy with country, the condition that I’'ve come to believe is necessary

if one is to receive life instead of merely taking it. - Ted Kerasote, “Bloodties”
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& Nancy Gugler - Fred Haigh - Leon & Judy Hannebaum - Ben & Lucy Bardo Harms - Bert & Dawn Haverkate-Ens - Marilla P. Hazlett & Brian O.
Trigg - Shirley & Barnett Helzberg Jr. Donor Advisory Fund - Shirley & Doug Hitt - Joe & Pam Hodges - Joyce M. Hofman - John & Chick Hood
Buddy & Marcy Huffaker - Randall & Stephanie Hutchinson * Quincey Tompkins Imhoff Fund - Wes & Joan Jackson * Nancy & Scott Jackson * Nancy
A. Jackson - Bill James & Debra Starin - William & Alicia Jennings * Dr. Lucy A. Jordan - Sally Kendall - Jack & Jane Kenyon - Craig & Brenda King
Marianne Kluever - Jeff & Paula Knox - James H. Koplin - George J. & Mary Helen Korbelik - Wendell & Judy Kurr - Glenn & Sue Laubhan - Edward
J. Lawrence - LeFort-Martin Fund CCF - Thom & Elizabeth Leonard - Marie Lies  Donald N. & Nancy M. Link - Charles R. Maier - Grant Mallett &
Nancy Tilson-Mallett - Bill Martin - Helen Tilley Martin - Karin A. McAdams - Carl & Mary McDaniel - Mark L. & Julie Sager Miller Fund - Matt &
Jennifer Miller - Suzanne Mittenthal - Philip & Lona Morse - Jo Ann Myers - Arthur K. & Connie S. Neuburger - William C. Neumann - Rae Ann Nixon
Kurt Nordback - Frank & Jeanne Norton - Lawrence R. Olsen - Michael Perry & Carolyn Butcher - Robert L. & Karen N. Pinkall - George & Alice Potts
Donna & Darwin Poulos - Jerry L. Quance & Marcia A. Hall - Steven & Pamela Read - Raymond & Gladys Regier - Dick & Toni Renfro - Dr. & Mrs.
Paul W. Renich - Martha Rhea - David C. & Jane S. Richardson - Peter Riggs - Dick & Willie Righter - Gordon & Barbara Risk - Niklaus Salafsky &
Julia Segre - Mark Sanderson - Janice E. Savidge - Lloyd G. & Betty A. Schermer * John & Betty Schmidt - Tschudy G. Schmidt - Duane Schrag & Robin
Black - Kay & Bill Schrenk - Clair Schultis - Peter & Helen Schulze - Elizabeth Sidamon-Eristoff Fund - Dick L. Siemer & Clare D. O’Leary-Siemer
Jay & Carolyn Simpson - John Simpson & Sondra L. Goodman - Don & Ellie Skokan - Curtis Sloan & Helen Duritsa - Beth K. Smith - Boyd & Heather
Smith - David K. Smoot Revocable Trust - Morrie & Sydney Soderberg - Marshall & Janice Stanton - Marjorie E. Streckfus - Glenn H. Stroer - Liatris P.
Studer - Brad R. Stuewe, M.D. & Paula A. Fried, Ph.D. - Connie Swan & Bob Klunder - James A. Tarnowski & Judy K. Berkshire - Connie Taylor
Margo Thompson - Don Tolbert - Cork & Ella Umphrey - Ellie Unruh - Robert Himmerich y Valencia, Ph.D. & Eva Valencia de Himmerich - James Van
Eman & Susan Bailey - Kristin & David Van Tassel - Carol & Hulse Wagner - Laurie Ward - Ken Warren & Nina Ainslie - Wallace N. Weber - Bob &
Judy Weeden - Linda E. Wiens - Mark S. & Pamela J. Woodard - Donald & Beverley Worster + Angus Wright - David & Rita Wristen - Donna L. Wygle
Kristy & Norman Yenkey - Dr. & Mrs. William M. Zales - Dr. Dewey K. Ziegler

FOUNDATIONS AND ORGANIZATIONS: Alexander Family Foundation - Arrow Printing Co. - Bank of Tescott - Bennington State Bank - Mike Berkley Family
Foundation - Clubine and Rettele Chartered - Double ] Farms Inc. - The Fanwood Foundation/West - Farmlab, a project of Metabolic Studio
First Bank Kansas - William H. Graves Family Foundation - Greater Salina Community Foundation - Hawai’i-La’ieikawai Associatoin Inc. - William
Randolph Hearst Foundation + Hunnewell Elevator Inc. - The Inge Foundation - R.C. Kemper Charitable Trust - Leighty Foundation - The Logan
Foundation - Ludlow Griffith Foundation - Research Products Co. - Ryan Mortuary - Salina Concrete Products - Solomon State Bank + Sunflower Bank

Turkey Creek Investment Partnership - UMB Bank * Yavanna Foundation
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PLEDGES

Those who give through periodic deductions from bank accounts or credit cards, increasing our financial stability, are acknowledged in the fall issue.

GIFTS
These friends made single donations during October through December.

MEMORIALs: Albion J. Avery, from Jonne Long - Jan Baldwin, from Marilyn Marietta - Lela Barritt Bentley, from Kimberly W. Bentley - Marion Binford,
from Ann Simpson - Clare Whalen Casey, from Jerome Casey - Peggy “Page” Connor, from John & Catherine Holland - Mary & John Dickhaut, from
Walter R. Dickhaut - Strachan Donnelley, from anonymous and Wallace Winter * Jim Duggan, from Thomas Brenneman, Erwin & Cora Brown, Nancy
K. Gabriel, Tom & Ella Holt, Gary & Connie Langvardt, Donald Nelson, Reynolds & Reynolds Cattle Co., Justin Reynolds, Gregory & Julie Stephens
Lavina J. Epler, from Paul Epler - Isabelle H. Ferrell, from Pete Ferrell - Richard A. Ferrell, from Miriam Ferrell - Bernd Foerster, from Kent Foerster
Todd Francis, from Barb & Chuck Francis, Orlin W. & Helen Goering, Wayne & Gin Niehage - Bill Hatke, from K.T. Walsh - Francis Hole, from Mary
Lee Plumb-Mentjes & Conrad V. Mentjes - J.R. “Bob” Hood, from Michael & Catherine Rogers - Milton O. Jacobson, from M. Allen Jacobson - Grace &
Bernard Kain, from Robert & Margaret Boatz - Gene Lesh, from Jennifer, Gary, Caleb & Gabriel Goldstein - Charles W. Marsh, from Wayne & Claudia
Smith - Polly Massey, from Garth Massey & Sheila Nyhus - George & Olive Meyer, from Don & Ann Morehead - Wally Rogers, from Delight Gartlein
Ben & Mary Smith, from Marcia & Michael Mayo - Lorraine Smith, from Forrest & Donna Swall - John Solman, from Kathleen Koplik - Harold
Spitzform, from Marianne Spitzform - Felix Wassermann, from Frank & Jeanette Anderson - Howard & Thelma Wright, from Frank & Jeanette
Anderson

IN HONOR: Kathryn E. Barker, from Claire I. Barker - Kirk & Peg Barrett, from Brad & Mary Barrett - Robert & Shirley Bodmer, from Andy & Betsy
Finfrock - Karen & Warren Bird, from David & Linda Zahrt - John Cathcart-Rake, from Elizabeth Cathcart-Rake - Matthew Cordes, from Eugene
Cordes - Larry & Zella Cox, from Carolyn George - Nathanael Dresser, from Everett & Dorothy Bullock * Peggy Eppig, from Andrew Niemeyer
Charlie Fautin & Susan Easton, from Daphne Fautin & Robert Buddemeier - Allene & Bill Grossman, from Carolyn George - John Hirschi, from Joanna
Bonnheim - Wes Jackson, from Oliver & Eunice Stromberg - Grace & Bernard Kain, from Robert & Margaret Boatz - Martin & Taylor Kimm, from
Michael & Sue Lubbers - Julie Kunz , from Mom - Sandra & John Langknecht, from Jim Lang - Ivy Marsh, from Wayne & Claudia Smith - Nicole
Milne, from John & Catherine Holland - Matt & Sacha Peters, from Ken Peters - Dr. Ned S. Raun, from Pablo & Jenean Stone - Margaret Thomas, from
SierraSu + Delia Tarlea, from Varun Adibhatla - Lily Walton, from Bump & Gram * Dan Weingarten, from Sarah Weingarten - David Wheaton, from
Kathleen Fisher - David Wristen, from Malcolm Beck, Charles Dickens, Craig & Elizabeth Wakeman, Christopher Wristen

INDIVIDUALS AND FAMILIES: Rami Aburomia - Constance Achterberg - Paul & Jennifer Adams - Arllys & Lorado Adelmann - Varun Adibhatla - Steven
Aftergood - Marian Aikman - Emily Akins & Sergio Moreno-Denton - Bly Allen - Carol Allen - Deidre & Cameron Allen - James Allen - William Allen
Robert & Sally Ambrose - Bijan Amini - Karl Andersen - Milton Andersen - Barbara Anderson - Christopher Anderson & Suzan Fitzsimmons - Frank &
Jeanette Anderson * Laura Anderson * Richard Andrus * Robert & Joanne Antibus - Edwin & Marilyn Armstrong - Karl Arne - Thomas Arneson - James
& Mary Ann Arnett - Margaret & Stephen Arnold - Russell & Carolee Atha - Wayne & Joyce Attwood - Thomas Averill & Jeffrey Goudie - David
Axland - Juanita Bachmann - Sydney & Raymond Backstrom - Richard & Denise Backus - Stephen Badman & Arlene Luberoff - David Bailey & Linda
Henzel - Julene Bair - David & Karen Baker - Marian Bakken - Matthew & Erica Bakker - Lawrence & Mary Baldwin -+ William & Caroline Baldwin
Andrew Barker & Ana Ruesink - Claire Barker - Kenneth & Iralee Barnard - Marilyn Barnes - Mark Barnett & Katherine Gergen-Barnett - Christopher
& Claudia Barnier - Bradley & Mary Barrett - Robert Barrett & Linda Atkinson * Connie Battaile - Mark & Marilyn Beaver - Malcolm Beck - Janice
Becker & David Shaw - Richard & Sylvia Beeman - Carolyn & Roger Benefiel - Kimberly Bentley - Kirk & Debra Benton - Edward Berg - Judith
Bergquist & James Trewitt - Don & Helen Berheim - Alan Berkowitz & Miriam Straus - Wendell & Tanya Berry - John Bevan * Nancy Bevin * David &
Patricia Bezdicek - Shantilal & Tsun-Hsien Bhagat - Patrick Bihlmaier - James & Peg Billick + George & Marie Bird - Paul Birdsall - Richard Bjorklund
Philip Black - Keith & Mary Blackmore - Aaron & June Blair - Donald Blair - Steven & Jane Blair - William & Dianne Blankenship - Bill & Anne Blessing
Charles & Dianne Boardman - Robert & Margaret Boatz - Mark & Terrie Boguski - Mark & Ellen, Lily & Nick Bohlke - Nancy Bond - Joanna Bonnheim
John & Rosanne Bornholdt - Bruno Borsari & Julie Chiasson - Patrick & Ann Bosold - William & Ruth Botzow * Gene & Christine Bowlen - James
Boyce & Elizabeth Hartman * Roger & Jan Boyd - John Bozarth - Charles & Ann Bradford - Marjorie Bradrick - Dennis & Jean Bramble - Elizabeth
Bramhall - Joseph Brant - James & Tina Bratt - Russell & Patricia Brehm - Jill Bremyer - John & Regina Brennan + Thomas Brenneman - Ronald & Judith
Britt - David Brittenham & Carolyn Summers - Robert & Adrienne Brizee - William & Joan Brock - H. Keith & Brenda Brodie - Martin & Wanda
Brotherton * Erwin & Cora Brown - J. Christoph Brown & Denise Perpich - Michael Brown - Owen Brown - Kenneth Bruene ‘- Gregory & Susan Bryant
Rex Buchanan - Caryl & Cynthia Buchwald - Betty Buckingham - Matthew Buechner - Everett & Dorothy Bullock - Bundy Fund;Bruce & Jeanie
Gordon Burghardt - Steve & Ginny Burr - Michael Burtt - Jerry Busch - Samuel Butler - Wayne & Anne Byrd - Nancy Byrne - Patrick Byrne & Linda
Brown-Byrne - Carl Callenbach - J. Baird Callicott - Andrew Cameron + Matthias & Barbara Campbell - Roald Cann - Paul Capron - Robert Carl - John
& Diana Carroll - Margaret Case - Jerome Casey * Michael & Marcia Cassidy - Elizabeth Cathcart-Rake + Michel Cavigelli & Martha Tomecek - Thomas
& Sandra Champion - Norman Chaney - George & Marilynn Chlebak - Marshall Chrostowski - Michael & Jean Churchman - Andrew Clark & Barbara
Andersen - Elizabeth Clark - Michael & Elizabeth Clark - David & Debra Cloutier - Enid & C. Lewis Cocke - Phillip Cole & Bonnie Williams - John
Colwell - George Comstock & Anne Hillman - Kerri Conan - Wallace & Nancy Condon - Francis Conroy & Linda Hayes - Kent & Linda Converse
John & Sally Conway * Eugene Cordes - Anne Cowan - Nancy Craig - Nancy Creamer * Henry Crew - Harriett Crosby - Seth Dabney & Deborah Chessin
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Larry Daggett - Derek Dahlen - Orren Dale & Rita Kunkel - Tom Daly & Jude Blitz - Mary Damm * Boyd & Jonell Davies - Helen Davis * Lawrence &
Linda Davis - Marion Davis - Steven & Mary Davis - Thomas & Wenda Davis - Mark & Georgia De Araujo - Andy & Linda Deckert - Sandy & Darrell
Dedrick - Lawrence Dell - Guy Denny - Rebecca DeRusseau - Mari & Ed Detrixhe * Susan Detweiler - James & Cynthia DeValerio - Steve Dewitt
Consuelo Diaz - Will Dibrell & Beverly Bajema - Walter & Marilyn Dickhaut - Martha Dickinson - Lori & Tim Diebel - Sandra DiSante & Mark Stoppel
Noel & Diane Ditmars * Douglas & Krista Dittman * John & Deborah Divine - Otto & Barbara Doering - Lawrence Dolan - Mary Dolan - William & Pat
Dorman + Gordon & Jane Douglass - Millard & Frieda Driver - R. Michael Duffy & Jacqueline Guidry - Myrl Duncan - David Dunfield & Patricia
Graham * Donald Dunhaupt & Patti Hackney - Gail Dunlap - David Durand + Naomi & Dirk Durant - Rodney Edington - Terry & Susan Egnor - David
& Joan Ehrenfeld - Chris & Carol Eisenbeis - Russell & Bernetta Eisenbise - Michael & Donna Eisenstat - Julie Elfving - William & Helen Elkins
Gwendolyn & Dennis Elliott - Myron & Deborah Elliott - Neil & Barbara Elliott - Eldon & Susan Elmore - Ken & Pat Embers * Kristi Ennis - Hilda
Enoch - Paul & Lavina Epler - Emanuel Epstein - Larry & Laurel Erickson - Deanna Errico - Claryce Evans - Wendy & Christopher Evans - Noah &
Emily Evens - Michael Ewanciw - John & Katherine Ewel - Margaret & S.A. Ewing - Judy Fabry - David & Patricia Fancher - Darrell & Dorothy Fanestil
Elizabeth Farnsworth - Jay Farris - Daphne Fautin & Robert Buddemeier - Richard Fawcett & Marcene Borthwick - Sean Feder - Wesley & Lisa Feight
Pauline & Norman Fellows - Miriam Ferrell - Pete Ferrell - John Fichtner - Benjamin Fidler - Andy & Betsy Finfrock - Kathleen Fisher - Douglas &
Barbara Flack - Jeffrey & Mary Fleming - Mariam Fleming - Laurence Flood - Enell Foerster + Kent & Beth Foerster + Jane & Michael Fopeano
Theodore Forke - Victoria Fox - Robert & Jean Fraga - Charles & Barbara Francis - Barbara Frase - James Frazier & Judith Bryan Frazier - Leif Freeman
T. Steffan Freeman - Jean French & Benjamin Fischler - John French - C. Dean & Elsie Freudenberger - Charles Frickey - Harvey & SuEllen Fried
Thomas & Polly Fry - Richard Fyffe & Ida Casey - Nancy Gabriel - Brenda Gadd - Timothy & Sherry Gaines - John & Judith Gallman - Joshua Garrett-
Davis - Delight Gartlein - Lydia Garvey - Janice Gaston - Bozena Gawlikowska - Carolyn George - Kendall & Karen Gerdes - The Gessert Family
Charitable Fund - Jane Gibson & James Carpenter - Julia Gibson - Jon Gierlich - Mark Giese - Charles Giller & Jenny Sorensen - Robert & Jean
Gillespie - Susan Gillies - Eric & Emma Gimon - Nathan Gingerich - Bradley & Barbara Glass + Marilyn Glenn - Michael & Karma Glos - John &
Kathryn Glovack - William & Barbara Goebel - Jennifer, Gary, Caleb & Gabe Goldstein - Susan Gonzalez - Darrin Good - David Gorsline - Oscar
Gottscho - Rebecca Graff & Thomas Ruggieri - John & Margery Graves - John Gray & Mary Jo Wade - Marion & Esther Gray - Elizabeth & Wade
Greene - William & Mary Gresham - Roy & Marilyn Gridley - Charles & Linda Griffin - Sandra Griffin - Charles & Patricia Grimwood - Marian
Griswold - Marion Griswold - Wendy Griswold & Dale Martin - Carol Gross - Jonathan & Lois Grothe - Dean & Betty Groves - Steven & Ana Guldan
Phyllis Gunn - Peter Gustafson * Paula Haas - Susan Haas - Robert Hackman - Paula & Van Hall - Max & Josephine Halley - Thomas Halton -+ Martha
Hamblin - Naftali Hanau - Don & Nathalie Hanhardt - Ruth & William Hannum - Lloyd Hansen - John & Sharon Hanson - Eric & Ellen Harris-Braun
Eric Hart - Rhonda Hattar & Scott Noble - Bert & Dawn Haverkate-Ens - Lois Hayes - Douglas Haynes & Alisha Laramee - Palmer & Lydia Haynes
Andrew & Denise Hedberg - Norvin & Jeanne Hein - Steffen & Janet Helgaas - Jeffrey Helkenn - James Hemby - Amy Hemmer - Frederick & Cheryl
Heppner - Robert Herendeen - Marie Hernandez - Carl Herrgesell - Amy Hiatt - Deborah Hill - Elizabeth Hill - J. David Hill & Martha Cooper - Stephen
& Marcia Hill - Tresa Hill & Don Mayberger - Joe & Virginia Hillers - Clinton & Nancy Hinman - Joseph & Pamela Hodges * Amy Hoffman - Kathryn
Hoffman Rankin & Mark Rankin - Katherine Hoggard - John & Catrinka Holland - Hunter Hollins - Duane Holm - Jenny Holmes - Glen & Leslie Holt
Robert & Lynne Holt - Tom & Ella Holt - John & Deanna Homer - Sharon Horkham & Pat Timmons - James Hormel - William & Suzanne Horn
Gregory Hostetler - Keim & Sylvia Houser * Jerold & Bonnie Hubbard - Darrell & Bunny Huddleston - Lewis Humphreys Charitable Trust - Deborah
Hunsberger - Michael & Mary Huston - Gilford & Nelda lkenberry - Wes & Joan Jackson * M. Allen Jacobson & Lila Daut - Paul & Elaine Jantzen
Mitchell Japp - Richard Jeannotte & Myriam Vinotto - Charles & Gerry Jennings - Harry & Ann Jett Donor Advised Fund - David & Donna Jewett
Cylus & Donna Johnson - Duane Johnson - Larry & Pamela Johnson - Leigh Johnson - Leslie & Marlene Johnson - Paul Johnson - Vernon & Betty
Johnson - Johnson Family One Earth Fund - Adrian & Nina Jones - Gary & Marilyn Jones * Ileana & Kimball Jones - Nathan Jones + W. Jones * James &
Aidan Jordan - Charles & Sally Jorgensen - Walter & Mary Jost - Kenneth Kailing & D. Nickel Kailing - Jennifer Kane - Klaus Karbaumer - Timothy &
Virginia Kasser - Maynard Kaufman & Barbara Geisler - Tim & Sharon Keane - Jim & Sue Keating - Charles Keil - Richard Keller - John & Barbara
Kellogg - Sally Kendall - E. Kennedy & Douglas White - Alissa & Neal Keny-Guyer - Edwin Kessler - Stephan & Dawn Kettler - Jeremiah Kidd - Bradley
& Amanda Kik - Thomas & Lorna Kilian - Kate Kilmurray & Richard Sopp - Elizabeth King - Joseph & Lucille King - Pamela Kingsbury - Matthew
Kirby - B. Kirkham - James Kirkland - LeAnn Kirkpatrick - Frederick Kirschenmann & Carolyn Raffensperger - Kenneth & Marlena Kirton - Susan &
John Kissinger - Theodore Klaseen - Jay Klemme & Anne Wilson - Bruce & Kay Kline - Raymond & Marianne Kluever - Stephen Kobasa & Anne
Somsel - Ulrich Koester & Beth Kautz - Keith & Elizabeth Kohnen - Donald & Marianne Koke - Theodore Kooser & Kathleen Rutledge - Kathleen
Koplik - James Koplin - Gayle Kosh & Howard Kosh-Redekopp - Dennis & Stephen Koski - Mark Kossler - William Kostlevy & Marilynn Patzwald
Jerome & Arlene Kowal - Mary Kowalski - Connie Kreider - Bea & Douglas Krinke - Laura Krinock - Wesley & Elaine Kroeker - Ronald Kroese &
Kimberly Colburn - David & Roberta Kromm - Stanley & Lois Kruschwitz - Annie Kuether - Gregg & Gretchen Kumlien - Katharine Kunst & Katherine
Fulton - Sandra Kunz - David & Carol Kyner - Larry Lack & Lee Ann Ward - Brent & Elizabeth Ladd - Duane & Christine Lahti - Sylvia Lambert
Michael & Jane Landers - Melissa Landon & Denise Culver - Daniel & Judi Lane - Jim Lang - Gary & Connie Langvardt - David & Kathy Larson
Loren & Elizabeth Larson - John & Martha Laubach - Jeannine Laverty - Ronald & Jean Lee - Jan Leeman - Eleanor Leeper - Dee & Robert Leggett
Renee Lehman - Ralph Lentz - Laura Lesniewski - Anne Lesser & Thom Lipiczky - Nancy & David Levi - David & Patrice Lewerenz - Charles &
Jennifer Lewinsohn - Betty & Robert Lichtwardt - Louise & William Lidicker - Leslie Lihou - Anders Lindall - Nancy Lindbloom - Joseph & Beatrix
Lindquist - Paul & Carol Lingenfelter - Lucy Lippard - Bruce & Rochelle Lipschultz - Beth Little - Wendy Littlefield & Donald Feinberg * Carolyn
Litwin - Ann Loeffler - Jennifer Loehlin - Robert & Janet London - Jonne Long - Peter Looker - Judith Lotz - Marilyn Loveless - Paul & Jeanine Lovell

THE LAND INSTITUTE 20



Betty Lovett - Marjorie Loyd + Anne Lubbers - Michael Lubbers - Chad & Jessica Luck - Robert Lucore & Nora Carroll - John & Lee Luebbe

J. Elizabeth & Ryan Maas - Jeffery & Kay MacDonald - Rebecca Maden - Charles Maier - John Malone - Charles Manlove + Kay Mannion * Clay
Marcusen -+ John Marietta - Marilyn Marietta - Kevin Markey & Candice Miller - Joyce Markle - Robert & Melissa Marsh - Matthew Marston
Christopher Martin & Bettina Fabos - David & Renee Martin * John & Ann Martin - Mary Ruth Petefish Charitable Lead Trust - Nancy & George
Massar - Garth Massey & Sheila Nyhus - Ernest & Kathy Massoth - William J. Matousek Fund - Jean Maust - Gordon & Evelyn Maxwell - Marcia &
Michael Mayo - Gary McBee - Jeanette McBride - Joy McCann - Clinton & Cyndia McClanahan - Fred McColly - Lucile McCook - Karen McCulloh
Carl & Mary McDaniel - Harry & Charlotte McDonald - Suzanna McDougal - James McFadden - Deborah McKinley & Robert Nelson - Jean McMahon
& Huti Reynolds - Michael McManus + David McMillen - Marilyn McNabb - Susan McRory & John Middleton - Cynthia & Kevin Mead - Jeffrey &
Yvonne Meessmann - Hollis Mehl - Roger Meitl - Patricia Melander - Tom & Anne Melia - Margaret Mellon - Kirsten Menking - Manfred & Susan
Menking - Thomas & Mary Mertz - Douglas & Diane Mesner - Karl Meyer - Ronald & Katherine Meyer - Ronald & Jan Michael - William & Nancy
Michener - Jeanette & Mark Mikinski - Allan & Jan Milbradt - Kathy & Preston Miles + Nancy & Frank Miles - Eric & Mary Miller - John Miller &
Sandra Bot-Miller - John & Mary Miller - Jonathan Miller - Kim & Dianne Miller - Robert Miller - Madelyn & George Milton - Susan Miner - James &
Sarah Minick - Gael & Ty Minton - Richard Mitchell - Dennis & Beverly Mohler - Robert & Susan Mohler - Jeffrey Moline & Kristin Groth - Ken Moore
& Kathleen Buck - Donald & Ann Morehead - Jerome Morgan - Minor Morgan & Sylvia Alvarez + Robert & Sharon Morgan - Kenneth & Faye Morley
Harold & Lucille Morowitz + David & Susan Morris * Dusty & Wendy Moshier - Donna & Richard Mowry - Henry & Helen Moyer * Diane & Robert
Muelleman - Thomas & Yolanda Mulhern - Cornelia & Robert Mutel - John & Carol Nalbandian - Marcia Neely - Andrew & Beth Neill - Donald
Nelson - Robert Nelson - Herbert & Pamela Neumann - Joseph Neumann - Thomas & Jane Newton * Clyde & Martha Nichols - Jonathan & Alison
Nichols - Mike Nichols - Wayne & Virginia Niehage - Andrew Niemeyer - Richard & Patricia Nienow - Sara Nienow & Nathan Snodgrass - Trix
Niernberger & Bill Preston - Paul & Elaine Nighswonger - Dale & Sonya Nimrod - Bruce & Amy Noble - Douglas Nopar & JoAnn Thomas - Frank
Norman & Joy DeMaranville - Karl & Jane North - Rita Norton * Lynn Nowels - Janet & John Nybakke - Paul Oberbroeckling & Rebecca Orr
Christopher Oberle - Michael & Colleen O’Connell - David & Jeanne Ode - Jane & Charles Olsen - Lawrence Olsen - Cheyenne & Richard Olson
Christopher O’Reilly - Marian O’Reilly & Stephen Lockwood - Todd Osborn - John & Lee Overton - Owen Owens * Dean & Doris Owens * Nancy &
Joe Paddock - Marian Page - Abraham Palmer - Beverly & Alan Palmer - Diane Pancake - Herbert & Judith Panko - David & Nurya Parish - Gary &
Eileen Parks - Chris Parr - Lisa Pasqualone - Lowell Paul - Louise & Beldon Paulson - Susan & George Pavlakis - Melissa Payne & Christian Fellner
Janis Peak - Richard Peckham & Maureen Nowlan - Alicia Peden - Zachary & Laura Peek - Edward Pembleton - Gregory Penniston - Jerry & Terese
Perkins * John Pesek - Ken Peters - Paul & Karla Peters * Carol & Brian Petersen - K. & Stanley Peterson - Peter & Rita Peterson - Jennifer Phillips
Michael Phillips - Rachel Phillips - Diana & G. Joseph Pierron - John & Tari Piskac - George & Janyce Pixley - Raymond Plank - Dwight & LaVonne
Platt - Mary Plumb-Mentjes & Conrad Mentjes - Susan Pokorny - James & Karlene Polk - Frank & Deborah Popper - George & Alice Potts * Nora
Pouillon - Alison Power & Alexander Flecker - Terrilene Pulsifer - Michael & Caryn Rains - Neal Ratzlaff - William Rau & Susan Roche - Steven &
Pamela Read - Donald & Kathy Reck - Dave & Ann Redmon - Michael & Susan Reed - Don & Barbara Reeves - Raymond & Gladys Regier - Douglas &
Judi Reid - Martha Reid - David & Wendy Reinhardt - E.J. Remson - Justin Reynolds - Martha Rhea - Daniel Rice - David Rich - Mabel Richardson
Randolph Richardson - Margaret & John Richey - Keith & Beth Richtman - Gordon & Barbara Risk + Carol & James Ritter - RLS Illumination Fund
Betty & Warren Robinson * Nancy Roca & Phillip Schneider - Eugene Rodriguez & Eva Mesmer - Michael & Catherine Rogers - Adam Rome & Robin
Schulze - Rex & Carol Romeiser - Douglas Romig & Lori Graham - Linda Ronstadt - Philip & Joanne Roudebush * James Rousmaniere & Sharon Ostow
Deborah Rowden - Aimee Rowe - Martha & David Rowe - William & Jane Roy * Ron Ruhnke - Patricia & Jerry Ryan - William Salmon - Wayne & Lou
Sangster - James & Helen Sauer - Marjorye Savage-Heeney & Barney Heeney - Thomas & Mary Scanlan - Henry & Dianne Schaffer - William Scharf -
James & Louise Schatz - Nancy G. Schaub Fund - Barbara & Melvin Schlachter - Dennis & Linda Schlicht - Joel Schmidt & Amanda Raetzman * Tom
Schmiedeler - Steffen & Rachel Schneider - John Schole - Steven & Janie Schomberg - Jonathan & Katie Schramm - John & Ann Schuster - A.J. & Jane
Schwartz + Amy Schwartz - Serena Schwartz - Kent & Penny Scott - Douglas Seale & Emarie Pope - Chris Seitz - Charles & Phyllis Sesher - Stan &
Tommye Sexton - Stuart Shafer & Patricia Dickinson - Suzanne Shafer - Stuart & Diane Sharp - Julianna Shaull & Eric Howland - Stephen & Jeannette
Shawl - Michael & Janet Shay - Kathleen Shea & Michael Farris - Anne Sheble - Gerald Shechter - John & Burnette Sheffield - Lynn Sheldon & Daniel
Hudnut - Jim & Sara Shelton - John Shepherd * Richard & Audrey Sheridan - David Shier - Elizabeth Sidamon-Eristoff & Hunter Lewis - Robert &
Bonita Siemens - Robert Sigmon - John & Mary Simmering - Ann Simpson - John & Carolyn Simpson - William & Janice Simpson - E. Crichton &
Martha Singleton - Lee Skabelund - Laura Skelton & Thomas Buford ‘- Donald & Elvera Skokan - Kay Slade - Linda Sleffel - Benjamin & Susan Slote
Dennis & Peggy Smart - Barrie Smith & Marcy Smalley - David Smith - Ernestine Smith - Ivan & Terry Smith - Mark & Sara Smith - Vanessa Smith
Wayne & Claudia Smith - Amanda Smyth - Kathleen Smythe - Beth Snider - Michael Snow - Mike Soetaert & Melanie Terrill - Seymour & Sara Sohmer
Larry Soll & Nancy Maron - Sidney Sondergard - Barbara Songer - John & Jan Spaccarelli - Marianne Spitzform - Eric & Mary Stahl - Clayton Stalling
Gordon & Frances Stallings - Sylvia & Donald Stanat - Ronald Stanley & Mary Aldridge - Raymond Starrett - Pamela & Philip Stearns - David &
Claudia Steckel - Sara Steelman - Joe Stehlik - Robert & Lyda Steiert - Marc Steinberg - Claude Stephens & Erin Henle - Gregory & Julie Stephens
Keith & Georgia Stevens - Eric Stiegman - Ann Stillman - Paul Stolen & Deborah Amazi - Pablo & Jenean Stone - James & Joyce Strain - Marlys Strand
Muriel Strand - Laura & Neal Straus - E. Malcolm Strom - Oliver & Eunice Stromberg - Joyce & Greg Studen - Virginia Stuhr - Donald & Laura Stull
Persis Suddeth - Brian & Jonita Suderman - Preston Sullivan - Nolan Sump - Robert & Mary Super - Joshua & Kimberly Svaty - Edward & Janice Swab
Forrest & Donna Swall - Christopher Sweeney -+ James & Betty Taylor + Gary Tegtmeier - Bruce & Sharon Texley - The Anonymous Fund * Gene &
Patricia Thomas * Tom & Mary Thompson - Patricia & Clarence Thomson - John & Linda Thornton * Frank & Judy Toman - Douglas Towne + Charles
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& Rhoda Transue - Sarah Trulove & James Woelfel - Mary Tucker & John Grim - Kenneth Van Hazinga - John & Sally van Schaick Fund - John &
Charlene Van Walleghen - Elizabeth & William Vandercook - Gary & Madelyn Verhaeghe - Roger & Beverly Verley - Sidney & Virginia Vetter - Gary &
Donna Via - Doris Virden - Vivian Donnelley Charitable Trusts - Curt & Sue Volkmann - Craig Volland - Elizabeth Vollbrecht - Thomas von Geldern &
Cynthia Skrukrud - Ronald & Nancy Vos - Rebecca Wagner & Daniel Forsythe - Craig & Elizabeth Wakeman - G. Trenholm & Susan Walker - Patricia
& Samuel Walker - William & Nancy Wallace - K.T. Walsh - Christel & Manfred Walter - Madaline Walter - Janeen Walters - Richard & Susan Walton
Dan & Teresa Wancura - Louise Warner & Clyde Gosnell - Nancy Warner - Thomas Warner - David & Teri Warners - Ken Warren & Nina Ainslie
Barbara & John Wasko - Randy Waterhous - Dan & Phyllis Watkins - Jim Weaver - Mark Weaver - Bonnie Webber - Leonard & Margaret Weber
Wallace Weber - Jeffrey Weih - Sarah Weingarten - Georgette Weir & Jean Fouere - Doug Weller & Nancy Arnoldy - Ruth Welti - Robert & Kim
Wemer - Wiley & De Vera Wenger - Dennis & Georgina Werner - Steven Wernicki + Paula Westmoreland - Frank & Helen Wewers Family Fund
Valerie Wheeler & Peter Esainko - James White & Martha Liston - Michael & Carol White - Sandra & David Whitmore - Linda Wiens - Amy
Wildermuth & Guenevere Foster + Carolyn Wilhelm - Brook & Emily Wilke - Roslyn Willett - Michael & Jan Williams - Stanley Williams - Phillip
Wilmore - Tom & Jan Wilson - Eva Winkler - Wallace Winter - Jean Withrow & James Haggerty - Charlotte & Robert Wolfe - Anthony Wolk & Lindy
Delf - Dorothy Wonder - Work Family Estate Trust - William & Kathryn Worley - Donald & Beverley Worster - Richard & Sherrill Worthen
Christopher Wristen * Bruce & Margaret Wyatt  Robert & Janet Yinger - Rebecca Young * Arthur & Linda Youngman - David & Linda Zahrt  Randall
Ziglar - Karl Zimmerer & Medora Ebersole - Ann Zimmerman & Dexter Eggers - David & Ann Zimrin - Anne Zinsser - Richard Zundel - Uko & Jane
Zylstra

FOUNDATIONS AND ORGANIZATIONS: Bank of America Matching Gifts Program - Brown Brothers Farming - Bullfrog Films Inc.  Bunting Family
Foundation - C.M. Hendrycks Apiaries - Chipotle Mexican Grill Inc. - Clif Bar Family Foundation - Collins Family Foundation - David L. Klein Jr.
Foundation - Double J Farms Inc. - The Esperance Family Foundation Inc. - The Fanwood Foundation/West + Franklin Conklin Foundation - Fry
Masonry - Half Price Books, Records, Magazines Inc. - Hirschi Donor Advised Fund, Wichita Falls Area Community Foundation - Hospira * Jana
Partners LLC - Justice & Peace Center - Kent Watson & Associates - Kirchhoff Farms - Lakeside Corp. - Laughing Stock Farm - Limbo Inc. - Lutin
Curlee Family Partnership Ltd. - Marianist Novitiate Mount St. John - Meredith Corp. Foundation - National Center for Appropriate Technology
Naturalist Journeys - The Osborne & Scekic Family Foundation + Portland General Electric - Prairie Moon Nursery Inc. - Radiant Health Chiropractic
LLC - ].B. Reynolds Foundation - Second Presbyterian Church - Sons of the American Revolution * SOR Inc. - T H Water Consulting LLC - Tattersall
Partners LLC - Terroir Seeds LLC - United Natural Foods Inc. - University of Kansas/Watson Library - Unum - Van Atta Associates Inc. - Westmoreland

County Agricultural Land Preservation - Wilderness Community Education Foundation - Williams College Libraries - Wooster Book Co.

THE WRITERS AND ARTISTS

Ansell Bray is a New York City area painter,
sculptor, and jewelry maker. His Web site
is ansellbray.com. Luigi Lucioni (1900-

88) was born in Italy and moved to the
United States in 1911. He lived and worked
mainly in New York City, painting portraits
and still life, but also is known for his
lithographs of Vermont landscapes. Paul

Voosen is a reporter for E&E Publishing.
Hugh Iltis is professor emeritus of botany

at the University of Wisconsin in Madison.
William Sheldon is the author of two poetry
collections, “Retrieving Old Bones” and
“Into Distant Grass.” He lives with his
family in Hutchinson, Kansas, where he
teaches and writes.
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I 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

0O Transfer from my checking account (enclose a check for the first monthly payment)

O Charge my credit or debit card

Os$125 Os75 O$55 Os15 Os5 OOther: s Deduct on 0O5th of month O 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 O$500 O$250 Os125 Os50 OOther: s

Payment method: O 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 LROQ
THE Nonprofit organization
LA N D 2440 E. Water Well Road US postage paid
INSTITUTE Salina, KS 67401 Permit No. 81
s | & A Salina, KS 67401

Address service requested

If the date on your label is before 7-1-10, this
is your last issue. Please renew your support.



