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Every issue of The Land Report has a theme. This issue

focuses on the Land Institute itself, it is arcport on the
progress of our rescarch and the direction of our think-

ing.

This year’s Prairic Festival will take place on
Memorial Day weekend, Friday May 26 to Sunday May

28. The theme will be “Becoming Native to this Place.”

All the food will be organically grown, mostly in
Kansas. Talks and workshops will revolve around the
culture of place. The next jssue of the Land Report will
delve into this further. Those of you who arc bringing
food to the Saturday evening potluck supper are re-
guesied to malke it as homegrown and organic as you
can, which manv of you always have.

'The [ront cover shows ‘94 interns Joel Gerwin and
Antonio Serrano celebrating the compleiion of a stretch,
of fence. The fenceposts are osage orange, or “hedge”
as they call it around here. Osage orange hedges were
planted throughout the Midwest before the invention of
barbed wire over a century ago. The grown up hedges
still provide a sustainable source of durable fenceposts.
Old “hedge” fenceposls make terrific firewood, The
piclure was taken by Rebecea Geisen.

Finally, the back cover: alter last spring’s Land
Report 49, we received numerous requests to show
another side of farm manager Jack Worman. We are
always happy to oblige. The photographer was Sally

Cole.
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It doesn’t seem all that long ago that | outlined what is stand as the best general questions for organizing our

now the central idea of The Land Institute. Tt was 1978 research agenda. The first, which asks whether

that “The Search for a Sustainabie Agriculture” was perennialism and high seed yield can go together had to
published, the paper which argued for the development he answered because (a) there 1s somce reason that the

of an agriculiure featuring perennials grown in combina- high vielding non-woody crops our agricultural ances-
tions which would resemble the vegetative structure of tors gave us are annuals, and (b) maost btologists in the
the prairie. I later expanded it into my 1980 book New early 1980s held to the notion that a plant was effec-
Roois for Agriculture. 1 knew how radical the idea was tively a closed system. IF we were to successiully sclect
then but did not understand the implications of my for high seed yield in & perennial, the resources devoted
assumptions and questions. I assumed that we had to to the root would be robbed and we would be driving our

: begin with asking “What was here?” and explicitly asked plants toward annualism. We had (o confront this trade-

[ in the paper “What will nature require of us here?” ott idea head on,

: Wendell Berry pointed oul that [ was also asking “What As Jon Piper details in this Land Report, research
will naturc help vs to do here?” Since then, we have now shows that there is no automatic penalty in terms of
logged thousands of hours butlding the intcllectal and trade-off when a new gene is introduced for high seed
research foundation around that paradigm, meaning that yield. We have documented high yields in perennial
we have devoted more time (0 understanding and acting monocultures which already rival those of some annnal
on the fact that ultimately agriculture comes ourt of monocultures. The most important basic questions about
nature. To try to understand agricultural ecosystems biclogical possibilities for seed vicld within herbaceous
with no reference to natural ecosystems (which cssen- perennial [lowering plants have been answered. But if
tially all agricuttural researchers dod greatly limits other we slop here with a high-viclding perennial, we will
agronomic possibilitics. have missed the larger point, for in the long run it is the

Very soon the [our basic questions emerged which herbaceous perennial polyculture that we want to pay the
now guide our perennial polycullure research. They still ecological bills using sunlight. The next three hiological
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questions follow from this ideal. -

Owr second question, then, is whether a polycultirs

of perennials can stay cven with or, beiter still, outyield
4 monoculture. The third question is can a polyculture
adequatcly manage insccts, pathogens, and weeds?
Again, Jon’s article will give you the results of our work
on these guestions, and the news is mosily good. By
imitating the struclure of the native prairie ecosystem,
we ¢re granted some of the function of internal nutrient
cycling and “pest” conirol. Finally, the fourth guestion
is can a domestic polycultore analog of the native prairic
sponsor enough of its own nitrogen fertility? Though
three of our four questions have been answered to our
satisfaclion, we still have to worry about this question
for nitrogen is a major limiting [actor in crop production
and comes af a large cost of nonrenewable energy.
Natural gas is the feed stock for commercial nitrogen.

These arc the highlights of our recent work on
perennial polyculture. We are where the Wright brothers
were at [Citty Hawk. Idon't want to trivialize agriculture
by comparing it to human flight, for I really do belicve
that (hese results and implications are more profound for
human civilization than the results the Wright brothers
first achicved December 17, 1903, We have been some
sixteen ycars getting to this point. ‘Whether there 18
some utility in the comparison for where this work will
go from here, we can't say. But neither the Wright
Brothers nor the five spectators standing on those sands
al Kitty Hawk could have foreseen how that awkward
conlraption would become the prototype of a craft which
would one day cross the Atlantic with 300 people or
travel, as the SST does, as fast as a .22 bullet (that one is
especially impressive to us farm boys who hunted
rabbits with a .22).

We didn’t need another form of transportation when
airplanes werc invented and developed. But a study of
the history of earth abuse through till agriculture should
convince anyone thal we do need to solve the problem of
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agriculture, rather than focusing only on problems in
agriculture, The problem of agricullure still features soil
erosion, as it has since agriculture was invented. That
alone justifies a new form of agriculture for grain
production. But that age-old problem now includes
fossil fuel dependency for fertility and traction and the
introduction of human-made chemical kiflers of life
forms to get at our traditional competitors which we call
pests. Since pesis are made of the same DNA and amino
acids as we, should we be surprised (o know that we are

_being killed too, at an increasing ratc? A major failure

ol evolutionary biologists is their lack of warning to
regard alien chemicals as guilty until proven innoceat.

Tt is time to move the Darwinian evolutionary
ecological world view to [rent and center for agricultural
reseuarch. Agricultural rescarchers have routinely stift-
armed ccologists who have wanted to get involved,
while other ecologists have been so anxiety-ridden due
to physics-cnvy that they have not wunled to lower
themselves to work on agricultural problems. That is
changing now, but the merger of agriculture and ecology
could be greatly accelerated. This should provide the
new paradigm for agricultural research everywhere.

This does not mean perennial polyculture every-
where. Friends of the Land will forgive me, I hope, {or |
the second time in thesc pages showing the accompany-
ing graph which describes the agricultural situation on
the American landscape. At the lower left are the
forgiving environments like tlood plains, environments
not subject to erosion or salting or whatever. Maybe
they have deeper soils or soils recharged by periedic
fooding. These are what we might call resilient envi-
ronments. IHstory teaches us that they are few and far
belween,
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As agriculture spread over large parly of thie [
scape, disasler struck in the form of loss of ceological
capital — soil. Look to the upper right on the graph and
imagine there a stoping hillside or some other tragile
cnvirgnment., Here we had better rather precisely imilale
the natural vegelative structure or leave it alone. If we
don’t, there will be an erosion of ecological capital.
lmagine a steep southwest facing slope in Kansas, or the
southern end of the San Joaquin Valley where irrigation
brings salt to the surface. This is what brought ancient
Moesopotamia down, The vertical Tines along the slope
represent the ecological amplitude or the range of
departure “permissible” from the original vegetative
structure. Even in the more resilient environments, some
soit of crop rotaiion musi be maintained to insure
adequatc nitrogen fertililty and management of pests.

Now look between these two exlremces at the Ameri-
can landscape. In the early 1980s, before the Conserva-
tion Reserve Program we had 400 million tilt ag acres in
the US. Of that acreage, only 48 million is considered
non-erodable. That leaves at least 350 million acres
susceptible to erosion, which is the place for perennial
polycultures. They should nol be the same enscmble of
species everywhere, of coursc. We are dealing with the
reality of the ccological mosaic. As John Todd once put
it, in reference to architecture but applicable to agricyl-
ture, we scek “elegant solutions predicated on the
uniqueness of place.” Or, as Alexander Pope said in the
“Epistle to Burlington,” “consult the genius of the place
in all.”

But just as the idea of Darwinian evolution through
natural selection holds [rom the poles Lo the tropics, so
would the principles of an ceological agriculture hold
worldwide, This would meun the end of agricultural
methods and lechnology being transferred from the fossil
fuel-intensive industrialized societies into the Third
World, Rather than the current division between indus-
trial and Third World agricultuce, the new paradigm
would unite agricultural workers everywhere for the
evolutionary and ecological principles are common.
Across the ecological mosate a coherent community of
Papago Indians would be understood and honored by a
coherent community of [armers from Magsachusetts or
Thailand. Agricultural researchers in Austria counld talk
the same language as agricuttural researchers in Chad.
The vegetaiive structure would differ but the principles
would be conmmon.

Now for the second major area of our agricultural
research and how it fits with perennial polyculture.
Back in 1979, Marty Bender and 1 recognized the need
to compare our perennial polyculture vields and their
ccological cos(s against a sun-powered standard. We
needed an even playing field for comparative purposes.
Imagine a sunshine farm using traditional annual grain
crops in optimum rotations. When Marly Bender
returned after finishing 1 Ph.D., we had the man back

whao | knew could get our Sunshine Farm projact mov-

it The first year, Maity lived in Lawrence where he

twok advantagt of daily access to the Universily of
Kansus libraries to generale a paper sivdy. We are now
in the third yeur, the sceond year of implementation for a
ten-year project. ‘This experiment s unlike any that has
ever been daong, not so much hecanse it combines the nse
of draft animals and a diesel tractor ¢ be run on veg-
etable oil produced by crops that we grow, but because it
includes a detailed computer accounting of miricnts,
energy, and labor. We want to know how much of the
bill can be paid fom the farm itself, including even the
embodicd energy in all equipment (i.e., the cost to mine,
process, fabricate, and assemble the likes of shovels,
balteries, and everything else used on the fapm), Two
important outcomes are likely to come from the Sun-
shine Farm. First, we will have a standard against which
we can eveniually compare traditional and convention:l
grain agriculiure (featuring homan cleverness) with
herbaccous perennial grain polyculture which mimies
the prairic’s siructure (featuring nature’s wisdom),
Second, we will be closer to knowing the true ecological
cost of our food, which is now the product of a cheap
food policy.,

Under the extractive economy and monocullure
mindset, litile attention has becn given w the social costs
of industrialized agricullure, and still fess to honoring
and enlivening e culture that would know how to farm
according to the ecological mosaic, Fossil-fuel-powered
ceonomic forees have caused people to be forced off the
land and out of the small towns and rural communities.
Main Street silently closes. Schools close. Churches
close. Rural baseball stops, and the cullural sced stock
ends up in the likes of Silicon Valley. People who have
the cultural infermation necessary to raise food and
families and build lasting communities vanish, Peren-
nial polyculture and Sunshine Farms aren’t enough. We
can’t simply design a new agriculture and expect it to be
implemented automaticalty by the market economy.

[t seems worthwhile, therefore, (o exiend the “nature
as measure” paradigm all the way to the structure of
human communities. Nalural ceosystenis run on sun-
light and feature material reeyeling, This is what
humans will have to do, so should we not learn from
nature s well for human communities? It mav seem
oulrageous o presume that the ecological world view
could penetrate all sectors of socicly, but consider the
power of the world view which informs our everyday
thinking now. It is unconscious, “comes with the mill,”
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50 (o speak. George Bernard Shaw. onr'eamd that . ..
“perleet memery is perfact forgetlulness.” IF the current
industrial paradigm can build dendrites all of the way
into the inner recesses of our thinking and affect and be
affected by Lhe social structures, be they governmental,
religious, ceconoinic, whatever, bow abouta little den-
dritic growlh from the ecological paradigm reaching way
beyond agricullure into socicly? Human communilies
must be part of natoral systems agriculture.

Matfield Green, in the Flint Hills of Kansas, has &
population of 30, within a township which has a total of
about 150. All of Chase County now has only 3,000
people left, down from around 8,500 a century ago.
Accounting for changes in human populations is 4n
ecological problem. Our project is about “setting up the
hooks for ceological community aceounting,” We take
our cues from (he way ecologists have studied natural
ccosystems such as prairies, forests, fens, and alpine
meadows, only include the human community. We
establish a series of boundaries in order to delermine
what goes in and oul and look at the dynamics between
the community and the surrounding ccosystems. We
want to know whether the system is gaining or running
down, and what happens to communitics as a result.

Extending the “nature as measure” idea into the
design of human communitics introduces a different sort
of complexity than that which aitends our pcrennial
polyculture rescarch. We hope that the methodologies
developed here will inerease the imagination about
possibilities for others interested in rural community
devclopment. There arc (housands of such declining
small towns throughout the Midwest and Great Plains.
Here is 4 great opportunity for a new generation of
homecomers (o reinhabit the countryside, not as a matter
of mere nostalgia but as a practical necessity. We need
people who will defend their community fircd by an
inner tlame of aflection. [t is from life in the litlle places
connected to the sources for food, clothing, and shelter
thal much of the important cultural seed stock developed
in carlier sun-powercd cconomies. The war against
biotie diversity is the same war being waged against
cultural diversity, I[n shorl, there are sound cultural and
ecological reasons to resettle these places, but we dare
not settle them with the same set of assumptions that we
settled in the [irst place — infinite resources, infinite
substitutability, control nature. 'We need settlers whose
offspring will come to take the idea of the ecological
mosaic with the milk.

{ think cmbedded in all of this is Lhe possibility of
the beginning of a moral philosophy, for within “natire
ags measure” the reward runs to the farmer and the
landscape. The systeri pays the bills. With the human
cleverness approach, the reward runs to the suppliers of
inputs, the sced houses, the chentical companies, the
farm machinery companics. The farmer has been a
victim of a sysiem more designed to exploit his subordi-
nate and vulncrable position than to alleviate it. With
nature as measurc the tarmer of the future might have a
psychology more like that of a ninetecitth century British
naturalist. When it comes (o trying to plant and maintain
the correet arrangements across the ecological mosaic,
he or she will be a paturalist with a atilitarian bent,

with all that in mind, The Land Institule is putting
its effort into natural systems agriculture, We are
broadening our own research, and we would Iike 10 see
cooperative rescarch programs across the country that
will incorporate ccological and evolutionary principles
inlo agriculture, Che central and fundamental reseurch
guestions to be addressed include: What functional or
structural properties of natral ecosystems can be
incorporated into new agricultural systems? What
ecological and evolutionary principles can guide the
development of new paradigms? Current agricultural
systems feature monocultures of annual plants, Natural
ceosystems feature diverse mixtures of perennial plants.
Are these really two ends of a continuum? We can only
know when we take away the subsidies of the former or
supply subsidies to the latter. High yields, sustainability
and minimal envirommnental costs may be brought
together easter than we think.

We need to find oul. That is why we need centers
where groups of agronomists and ecologisls can come
together to consult the genius of the place, and put the
nature as measure approach o work, The Land Institute
and Kansas State University have agreed on a mission
slulement and on a cooperative cfforl to encourage
USDA funding of research where nutive prairie serves as
amodel. We arc promoting centers where teams of
plant, soil and inscel ecologists, plant breeders, plant
pathologists, historians and modelers collaborate to
develop this new kind of agriculture, We think it is time
10 acknowledge the reality of the ecological mosaic. If
we do our work with that reality in mind we could be
well on our way to solving the problem of agriculture,
Now is the time to bring about the merger of agriculture
and ccology, We are talking about a long-lerm compre-
hensive program, something we should pursue while we
still have oil-sponsored slack in agricultural production,
America has, within its power, what it takes to build an
agriculture more resihicnl 1o human folly.

Wes Jackson is President of
The Land Institute
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The praitie presents a crucial ecological dilemma, Here
exist some of the richest sotls in the world, yet they are
highly vulnerable to loss via wind and water erosion.
When Buropean settlers first broke the 5000-year-old
prairic sod, they began a process of inexorable soil
decline. The question for us Plains dwellers today is, can
we create a grain agriculture that reflects many of the
characteristics of the original prairic ccosystem that
made it sustainable?

To use the prairie as a model or standard tor a
sustainable grain agriculiure requires first appreciating
the features ol natural ccosystems that promote stability.
Terrestrial ecosystems consist not only of plants, ani-
mals, and the fungi and microbes crucial for decompos-
ing organic material and recycling nutricnts, but also the
parent material beneath the soil that provides minerals
essential to the systems, water that enters as precipita-
tion, and the solar cnergy captured through photosynthe-
sis and translerred from organism to organism, Natural
ceosystens regulate crucial nutrients so that inpuls

-
approximaiely equal cutpats in a “steady state.” Hence,
prairie ecosystenis may provide our best models for the
principles nccessary to achieve the tight nutrient cycling
and solar driven energy tlow that will be crucial Lo
agricultural sustainability,

Prairie vegetation is a grass-dominated mixture
conststing primagily of percnnial warm-season and cool-
season grasses, legumes, and composites growing
oftentimes intermixed. The diversity of plant species
with complementary niches contribuies in large part o
the resilience of prairies in the face of climatic extremes.
Differences in growth form, type of resource usc, and
scasonality allow these plant specics 1o cocxist. Under
the ground, one plant may produce a deep taproot,
whereas its neighbor produces shailow, fine roots. Some
species, legumes primarily, fix armospheric nitrogen in
addition Lo taking up available nitrogen in the soil.
seasonal timing of resource use differs among specics.,
thereby reducing competition for soil water and nudri-
onts. Warm-season grasses and drought-hardy forbs are
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able to withstand. the hot, dry conditions of sUmm _
Others, cool-scason grasses and some forbs; persist by -
growing in the spring and setting seed betore the onset
of summer heat.

Tight nutrienl cycling is a sustainable fealure of the
prairie we would do well to emulate. Because most
nutrients are tied up in living organisms and soil organic
matter year round, they are not vulncrable (o Joss
through leaching or crosion. In prairics, critical nutricnts
are cycled seasonally within plants, stored in soil crganic
matier, or quickly taken up by plants and microbes once
mincralized by decomposers in the soil,

Prairie soils are among the most preductive soils in
the world. The roots of prairic plants created and
maintained the rich soils that made “the world’s bread-
basket” possible. As much as 60 to 75% of the prairic’s
total plant biomass occurs underground as roots, rhi-
comes, and crowns. Scasonal drought cycles, involving
warn moist springs and summers fayorable to luxuriant
grass growth tollowed by dry summers and aulumos,
have led over the millennia to an accumulation of soil
organic mailer via root mrnover. In some prairies, 30 to
60% of root biomass may tarn over each summer,
leaving a rich store of deep, dark organic matter that has
made the highly productive T8, grain belt possible,

In depleting the soil’s original fertility, our very
productive agriculture has cssentially been mining over
decades the fertility built up over millennia by the prairie
ecosystem. Over a mere century of applying tillage
agriculture to the prairie soils of North America we have
lost 504 of the topsoil’s original productivity. The fow
. remnants of mlact prairie serve as prime examples of
inherently sustainable biotic communities in which
complex webs of interdependent plants, animals, and
microbes garner, retain, and efficiently recycle critical
nutrients. Before we expend anymeore of our precious
lopsoil, we should consider a model for the future for our
“breadbasket” that mitigates soil erosion whilc providing
ediblc seeds.

Modern industrialized agriculture is based largely on
menocultures of annual crops that reeeive biocides,
fertilizer, and fossil fuel-based energy inputs to remain
productive. Such practices have resulted in soil loss and
chemical contamination of soil and water. The Land
Institute is studying a new model for grain agriculture,
based on mimicking the prairic ¢cosystem, that involves
diverse planlings of perennial grasses, legumes, and
composites developed as grains. Polycultures of herba-
ceons perennial sced crops would be composed of plants

that differ in seasonal nuirient use and thereby comple-
men( or even benefit onc another in the field.
Agroccosysiems that are functional analogs of the prairie
scosystem should feanite species adapted to local
seasonal precipitalion patterns, tight nutrient cycles,
compatibility in resource use among species, 501l
preservation, and biological methods of crop protectton.

Research on a prairic analog for agricullure is more
complex than conventional studies of crop mixlures
becausc it goes beyond simple (wo- or three-component
systems and uses perennials instead of annuals. Very
little ecological or genetic information on crop varicties
appropriate for polyculiure designs has been gathered,
and plant breeders are only heginning to approach the
problem of how to apply such knowledge to designing
viable intercropping systems. Beeause perennial grains
will be required to maintain themsclves in the ficld for a
period of vears, instead of months as with annual crops,
it is recessary to incorporate multiple year patterns of
growth and seed yield into the research. Unlike the
grower of annuals, who has some flexibilily in changing
craps or modilying field conditions after each growing
season, farmers cstablishing percnnial polyculturcs will
have to forecast over several possibly very differcnt
ZIOWINg seasons.

Research at The Land Institute to develop sustain-
able perennial polycultures necessarily addresses seed
yickd, maintenance of soil fertility, and management of
troublesome organisms. Thus, the research cheompasses
four primary questions critical Lo the development of
viable perennial polycultures:'

-Can a perennial grain yield as well as an annual
grain crop?
-Can a perennial polyculture overyield?
-Can a perennial polyculture provide its own
nitrogen fertilily?
-Can a perennial polyculure manage insccls,
plant pathogens, and woeds?
The purpose of this article is to review some of the
progress we have made within these four areas of
rasearch,

Ouestion 1: Seed yield in perennials

Two general approaches are possible in the development
of perennial grains. The first approach involves the
conversion of a wild perennial into a seed crop by
sclecting for such agronomic characteristics as high seed
production, reduced sced shallering, uniform time of
maturily, ease of threshing, and large seed size, [n this
case, the potential crop already has the desived perennial
habit. but lacks most of the characteristics that would
make it a good grain crop. The difficulty facing the
plant breeder is to select against some undesirable
“wild” traits while relaining perennation and good
nutritional qualities of sced. The second approach starts
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with annual grain cieps and attempts 16 (iini themyinky

perennials by crossing them with perennial relatives
The rationale for this approach is that annual crops have
already undergone domestication over the last several
thousand years, Hence, they already show such agro-
nomically tavorable characteristics as edibility, high
yield, large seed size, easc ol threshing, synchroncus
maturity, and resistance to shatiering and lodging.

With cither approach, obtaining high sced yield from
peremnialy s more complex than it is with annwals. Not
only must the vield be high tn one year, but yield must
be maintained at sufficiently high levels for scveral years
after the crop is established. Seed yields of perennial
erops need to be gt some acceptable level o make the
perennial polyeulture model compelling, For compari-
son, the bench-mark yield for Kansas wheat is about
1800 Ib/acre, or about 2000 kg/ha. It is promising that
several herbaceous perennial grasses and legumes
approach or exceed this bench-mark yicld.

Docs the perennial habit jtself set a limit on seed
yield? Whereas il is true that a perennial must devote
SOMIC resources to constructing and maintaining its
permanent organs, an expense an annual does not bear, it
is nat clear that high seed preduction and perennation are
in a strict trade-off relationship within a plant. Increased
seed production may he due to more than a simple
reallocation of resources from roots and stems (o flowers
and seeds. Instead, this increase muy be associlated with
enhanced overall vigor, aumber of reproductive organs
on a plant, or o green flowers and fruits that photosyn-
thesize and 1o an extent “pay their own bills.” Several
studies of perennials have shown that increased sexmal
reproduction in the present leads o little or no “cost” 1o
future reproduction or reduced survival.® These are
promising results tor our effort 1o breed lor higher seed
yield without losing a plant’s perennial nature.

Development of perennial grains 1s necessarily a
long-term process. Work at The Land Institute to
domesticate perennial grains began in 1978 with an
inventory of nearly 300 species for their suitability to the
environment of central Kansas and promise of high seed
yvield. A second inventory siudied the agronomic
potential of 4300 collections of perennial grass species
within six cool-season genera. From these inventorics, a
handful of perennial species was chosen for potential
crop development.

Eastern gamagrass (Tripsacum dacivioides) is a
warm-season grass native to the region stretching from
the southeastern United States and Great Plains to
southern Nebraska southward to Bolivia and Paraguay.
Gamagrass grain is both tasty and nutritious, being about
27 to 30 % protein and 7 96 fat®  The major limitalion
of eastern gamagrass as a grain crop Is its low seed yiceld.
The I.and Institute has explored in its breeding program
a genetic variant which produces almost exclusively

female flowers and thus has the potential te increase

- seed yisld scveral fold,

Willdiye (Levmus rcemosts) is a distant relative of
wheat, rve, and barley. Iiis a cool-seasen grass native (o
Bulgaria, Romarnia, Turkey, and parts of the former
Soviet Union, that has been planted in the western U5,
Lo stabilize sandy soils. Grain of this species was eaten
by Asian and European people historically, especially in
drought vears when annual grainy faltered.

Tlincis bundletiower (Desmantfius illinoensis) 1s a
niirogen-fixing legume that is native to the Great Plains
with 4 range extending northward into Minnesota, casi
inter Florida, and as far west as New Mexico, The
nutritional quality of the seed (38 % protein, 34 %
carbohydrate) suggests groatl potendial as a grain crop for
human or livestock consumption.®

Wild or Maryland senna (Cassia marilandica),
another legume, is native to the southeastern region of
the Greai Plains. Although The Land Institute is not
working 1o develop this species as a grain, because the
seed uppears (0 have low value as food, much informa-
tion on its long-lerm palterns of seed yield has been
gathered to address the biological question of whether a
herhaceous perennial can produce a sustained, high seed
yield.”

Maximiban sunflower (Helianthies maxinifianii,
Compositae)} is native throughout the grasslands of the
Greal Plains. Its range extends eastward to Maine and
North Carolina, and westward to Texas and the Rocky
Mountaing. In addilion (o ils potential as a grain or oil
crop.(sced is 21 % oil)®, Maximiliun sunflower appears
to inhibit weed growth allclopathically, and may there-
fore be especially important during the establishment
phase of a perennial polyculture,

" The best example ot our perennial hybrid approach
is the perennial sorghum work, in which hybrids have
been made beiween some tetraploid lines of grain
sorghum and collections of Johnsongrass from Kansas
and Califormia. Grain sorghum (Sorghum bicolor,
Giramineae), a nabive of the African continent, is grown
for animal feed in the southern Great Plaing. 1t is weally
perennial in tropical regions, but is killed by frost in
temperate latitudes. Johnsongrass (Sorghum halepense),
a weedy relative of cultivated sorghuin, is in the United
Siales a troublesomes weed (hat overwiniers by produc-
tion of thizomes, fleshy underground siems capable of
winter survival. We arc exploring the feasibility of
converting sorghum from an annual to g perennial grain
by combining in hybrids good grain quality with the
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ability to produce winter-hardy thizomes.

The highest viclds for wild perennials at The Land
Institute have been for llinois bundlellower and wild
senna in which some plets have produced arcound 200 g/
m? (2000 kg/ha). Peak vields of wildrye, eastern
gamagrass, and Maximilian sunflower have been lower
(~25 10 83 g/m*). Increasing seed yield is therefore a
priority [or our plant breeding work,

The work ihos [ar has demonstrated that it is pos-
stble 1o retain rhizome production in sorghum/Johnson-
grass hybrids. Interesiingly, there was a positive correla-
tion between secd yield and rhizome mass in hybrid
plants in a 1590 study, indicating that particularly
vigorous plants had both high seed yicld and rhizome
preduction.” In another planting of sorghum hybrids in
1992.% seed vield of rhizome-producing plants averaged
172 g/m* As this work proceeds, it will be important to
determine whether there is a necessary loss of rhizome
production as good agronomic qualilies are increased, or
whether these two sets of Uails can be combined in
hybrids.

Selection of plants for use in polycullure is more
comples. than selection for monoculture. Plant breeding
lines behave differenily when grown in different planting
arrangements or with different species as neighbors.
Several polycolture studies at The Land Institute have
revealed striking environment and neighborhood effects
on yicld and growih, posilive and negative associations
between species, and change in the dircction (positive or
negative) of interactions in different years.” Successlul
mixtures of perennial grains will have to accentuale
positive while minimizing negative associations between
species.

Ouestion 2 Overyielding

Overyielding is the phenomenon in which crop mixtures
yield more per unit area than their components yield in
monoculture. This can occur when competition between
members of ditferent species is less intense than compe-
tition between memebers of the same species, or where
one crop species enhances the growth of another.
Canopics ol neighboring crops might occupy different
vertical layers, with tall crops tolerating strong light and
shorter crops requiring shade or relatively high humidity.
Roots of different species may explore ditferent sotl
layers. Crop species may have complementary nutrient
requirements, as in mixtures of egumes and grasses,
especially in soils where the nitrogen supply is hmited.
Finally, differences in the length of the growing period
or in the scasonal periods of nutrient uptake among crops
can promote overyiclding. Where certain crops have
been grown together for centuries, as in the majze-bean-
squash polycultures of traditional Mexican agrarian
cullures, intercrop compatibility has increased through
coevolution.
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Three studies at The Land Institute have e:i_'érﬁﬁﬂéjt]f )
the question of overvielding with perennials, The first =

study comprised a scries of monoculmres and bicultures
of wild senna, which docs not fix pitrogen, and Tllincis
bundleflower, a legume that polentially fixes appreciable
amounts of nitrogen. Significant overyielding occurred
in this experiment by the second year, and appearcd to
increase with time. '™ This study indicated the benefit to a
perennial of association with a nitrogen-fixing species.

It also showed thai polycultures can counteract the trend,
observed in some perennials, toward decreasing yields in
subsequent years.

{n another study, 28 collections each of Illinois
bundleflower and eastern gamagrass were grown in a
series of monocultures and bicultures to cslimale
overyielding.'' In the first year in which gamagrass
produced sced, there was a 25% vield advantage in
biculture based on average yields, and 19% overyielding
based on best yviclds., In the next year, overyielding
bascd on best yields wus 8%. These lavorable results
demonstrate that overyiclding, Lypical in many
polycultures of annual crops, can also oceur in perennial
polycultures and can occur in more than one yeur.

Mixtures of wildrye, eastern gumagrass, and [llinois
bundieflower should overyield because of the species’
distinct differences in soil water and nutrient uptake,’? A
third study, begun in 1991, is examining overyielding in
bicultores and tricullures of the three species. The plots
for this cxperiment were planted on both a fertile and a
less [ertile soil. In 1992, the first year in which all three
specics flowered, 1 to 6 % overyielding occuired in both
bicultures at both sites. In 1993, gamagrass sced could
not be harvested from the poor sail site, nevertheless
overyielding at the first site ranged from 105 for the
gamagrass/wildrye bicnlture to 26% for the triculture, In
1994, overyielding occurred in all instances except the
gamagrass/wildrye biculture at the better site.!

Question 3: Can a perennial polveniture provide its own

nitrogen ferdlin?

Legumes can provide nitrogen to companion crops in
two wayy: cither more soil nitrogen remains available for
other specics because legumes take up less of it, or the
nitrogen fixed becomes available to other species in the
mixture when the legumes’ roots decay. The question is,
to what extent can nitrogen-lixation by legumes compen-
sate for nitrogen used in plant growih and removed 1n
harvested seed? Our results so [ar arc preliminary, but
Cncouraging.

We have [ocused on llinois bundleflower as a
nitrogen supplier to polyculwse as well as a significant
seed yielder. The mean acetylene reduction rate (an
estimate of nitrogen [ixation under laboratory condi-
tions) measured in 70-day old Ilinois bundlellower

plants was |41 nmoles/min." This value is similar (o or
somicwhal higher than values reported elsewhere for this
species and also Tor 68-day old soybeans. '

The benefit from a nitrogen-fixing companion crop
should be greater on poor soil than on a more feitile soil.
A study of Illinois bundleflower grown on two soil types
has shown that lower growth and yield on a poorer soil
can disappear when precipitation is adequate, This result
indicates thal linois bundleflower can compensate for
low soil nitrogen withoul reducing its growth or seed
yield, Moreover, the soil nitrate concentration in four-
year-old Illinois bundleflower stands at the poorer soil
site was nearly tdentical to that on the better soil site
despite very different initial nitrogen conditions.'®

Ciestion 4: Can a perennial polyculinre manage weeds, insect
pests, and plant pathogens?

Perennial polycultures can lake advantage of species’
overlapping growth periods to block light or usurp soil
nutrients before weedy can take hold. Another biological
means of weed control is allelopathy. This term refers to

‘any direct or indirect harmtul effect that one plant has on

another through the production of chemical compounds
that cscape into the environmeni. Allelopathy would be
capecially valuable doring the voluerable establishment
phase untif the peremmial canopy becomes established.
Evidence of weed control has occurred in two
separate experiments at The Land Institnte. In one
study, menocultures were planted with five densities of
Maximilian sunflower, a reputed alielepathic plant, and a
control plot with no sunflowers, Weed biomass was
significantly reduced in the sunflower plots relative to
the control.” By the second year, a sunflower densily of
3.6 plants/m?® redoced weed biomass W a level only 25 (o
50 % of the control. In the third year, weed biomass in
sunflower rows in May was still only 44 % of weed
biomass in the control plot. Here, effective weed
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management was mainlzined across years despiie. ..
changes in the weed community from predominantly - -
anmuals in the first year to perennials by the third year.

In the second experiment that examined weed
growill, a triculture comprising wildrye, castern
gamagrass, and Illinots bundleflower, species combina-
tions dilfered in their ability to control weeds.”® Weed
hiomass was consistently Towest in rows with eastern
gamagrass as a component, despite seasonal and yearly
changes in species composition of the weed community.
These results poinl lo eastern gamagrass as the primary
weed controller among the three species, probably via
shading.

Research on the effeets of diverse cropping systems
on insect pest controf confirms that polycultares tend to
reduce depsities of insect pests relative to monoculiures.
Crop diversity can provide physical barriers and masking
odors that can interfere with cotonizalion, movement,
feeding clTiciency, and reproduction ol plant-feeding
insects,”” In addition, a polyculture enviremment often
attracts great numbers of beneficial predators and
parasitoids.

Studies using annual grains and vegetubles have
demaonstrated repeatedly that levels of insect pests tend
io be reduced in polyculture relative to monoculture.

density of a beetle that feeds on young leaves and
tlowers of Illinois bundleflower. For the [irst three years,
density was very low, averaging less thun one beetle per
plant, and there were g differences among treatments,
In 1994, however, the beetle population “exploded,”
wilh onc plant supporting as many as 123 beetles on one
census date. The good news is thal bestle density was
consistently lower in pelyenlmires than within monocul-
tures throughout most of the season.*® This promising
result indicates thal polyculture reduction of insect pests
is possible within ficlds of perenptal grains.

Ii is well established that disease problems in
agriculture often result from exireme genctic umiformity
of crops.' Thus, an increase in diversity created by
planting mixiures of species, and mixtures of genotypes
within species, can reduce the spread of some plant
diseases, especially those spread by insects.” Rastern
samagrass, in particular, is subject to a pathogen, maize
dwarf mosaic virus (MDMV)®, which can reduce seed
yield dramatically in severely infected plamis. We Tound
that MDMYV incidence was reduced for the first iwo
years in plots where bundlcflower was present compared
to gamagrass monocultures and Lo gamagrass hicultures
with wildrve.” Hence, spread of this virus by aphids
appears o be reduced in some polycultures, a favorable

For [our years, we have monitored the population
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The Work in Contexi

The ultimate valuc of the rescarch al The Land [nstitite
is in its move toward an agriculture based on sunlight,
with closed matrient Joops, that uses a natural ecosystem
as its model, A diverse and stable agriculture that
includes mixtures of perennial grains would provide
numergus envirenmental and social benetits. The
immediate envirommental benefits include reduced soil
loss and chemical contamination. Academically, the
practice und philosophy of science would be ecnhanced as
ccologists merge their experiise with thal of agronomists
lo develop new insights for looking at agriculture in an
ecological context and dealing with the complexity
inherent in dynamic biological systems.

Developing perennial grain polycultures is necessar-
ily a long-tecm effort. We have been thinking it would
take 50 to 100 years for The Land Institute to breed
workable grain mixiures on our own. Major lunding of
this work could achicve results sooner, however. More-
over, major funding would caable the work in “natgral
systems agriculture” to progress at several different
centers across the country. The best locations for such
centers would be institutions with strong traditions in
both ceology and agricuiture.

T'he Tong-term sustainability of agriculture, in the
face of dwindling resources and increasing environmen-
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tal damage, will depend upen inaovative, creative, amd
complexsapproaches. Such approaches should combine
ecological thetry with practical agriculiural research to
reduce tossil fuel dependency and pollution, while
maintaining adequate levels of production and enhancing
soil tertility. The blend of ecology and agriculiue
broadens the justification for preserving relatively intact
natural ecosystems, as these represent the standards lor
agricultural sustainability and can provide the pallerns
and properties transferable to more sustainable [orms of
agriculture. Thus, 1o creale a domesticated prairic much
new research ground remains o be broken, hut hope-
fully, in the process, Lhe broken ground of the prairie
will be healed,
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Drilling gram and reaping
sorghum o the Sunshine Farm.
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The Sunshine Marm addresses the national problem of .
modern agriculture’s dependence on fossil fuels, ~Al

iwo field seasons, the farm is up and ranning. Iniegra-
tion of crops and animals has begun, and this year we
will be experimenting with renewable energy technolo-
gies. The project is unique because it involves the
detailed accouniing of energy, materials and labor in
every task on an organic, energy-integrated farm. With
two years of data in the computer database, we can begin
to explore to what cxtent modern tarms can run on
sunlight. Our aim is 1o examine whether a farm can
sponsar its own {uel and lertility, and to determing how
much ndustrial cnergy socicly must provide to manutac-
ture farm facilities, equipment, and inputs, in a post-
fossil fuel era.

The Sunshine Farm project began with a one-year
teasibility study to select the mix of crops and animals,
and to choose renewable energy strategies with the
grcalest likelihood of success. As a research farm
representative of Great Plains agriculture, the Sunshine
Farm comprises 100 acres of native pasture for con-
trolled livestock grazing and 50 acres of conventional
grain, oil and forage crops im narrow stiips. During the
past two field seasons, staff and interns have built a five-
wire high-tensile fence for draft horses, horse stalls, &
six-strand barb-wire fence with a portable holding pen
for cattle, several water lines and automatic waterers, a
poriable hen house and a portable broiler pen, a granary
for storing horse [eed, soybeans and suntlowers, and a
double-barrcled wood stove for heating the workshop.
Most of the farm infrastructure is now in place.

intern rescarch projects to develop and analyze
sustainable agricultural practices on the Sunshine Farm
have begun. Innovative components on the Sunshine
Farm inclnde long-term crop rotations, narrow strip-
cropping, close monitoring of soil quality, portable hen
house and broiler pen, controlled cattle grazing, and
exploralory incorporation of candidates from The Land
Institute’s research on perennial polycultures, The
projects are scl up as multi-year experiments that require
graduate-level stutistical analysis, which will lead to
publication in peer-reviewed journals.

Intern vesearch papers on initial results will be
published in future Land Reports. Here is a brief
somunary. Two five-vear crop rotations have been set
up: 1) grain sorghum, sovbeans, oats, sunflowers and
sweetclover; and 2) grain sorghum, soybeans, oats,
altalfa and alfalfa again. Sometimes wheat is substitured
[or cats. The crops arc grown in 120 thirleen-{oot wide
strips of four rows cach, which progress through these
rotations over the years. The purpose of strip-cropping
is to provide many edges between different crops, which
might lead to higher yields as a result of polyculture

effects. However, we did not see these eftects in the few
strips we examined in 1994, Yields were not higher in
edge rows than interior rows. This may have been
because it was difficult to find Reld implements wide
enough to control weeds in the edges, and vel nol so
wide thal they sometimes inadvertently drift into adja-
cent strips. We expect these problems to be ironed out
over fime.

Most of our crop yields in 1994 were comparable to
county averages, but we did have problems with organic
sunflowers, By following the organic practice of
planting in July to avoid spraying for sunflower head
moths, we lost almost half our sunflowers to blackbirds
in the fall. However, monitoring by Jerry Wilde of
Kansas State University found very tew moths or larvae
in the strips, so this coming year we will plant sunflow-
erg in Junc o avoid blackbird migration, and iake our
chances with the moth instead. Back in 1993, no one in
Saline Counly was able wo plant sunflowers during July
hecause 18 inches of rain fell during that month. Since
sunflowers are to provide about half of the oil fucl for
our hiodiesel tractor, these difficulties demonstrate a
vulperability that draft horses do not have because their
feed can be nmch more tlexible.

To judge the effect of crops on soil quality, we
measured physical and biological properties in 30 crop
strips and chemical properties in 60 strips. For three
years prior o lhe Sunshine Farm project, the north hall
of the 50 acre sitc was planted to wheat, while the south
half was in alfalfa. [n 1994, seils in the south half had
higher earthworm counts probably because alfalfa
requires no tillage, but also had lower levels of phospho-
rus and potassium possibly due to the harvest of hay,
which 1s high in these nutrients. We then comnpared the
¢ifects of growing grain sorghum, cals and soybeans in
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1993 on soil propertics in the sprin 0f!994The most
explicable crop effect on chemlical properties was the.
higher niirale level in former soybean strips, perhaps due
1o symbiotic nitrogen fixation by this legunic. No
diffcrences were found in physical or biclogical soil
properiies since more than one year is required for these
properilies o be affected. We will be looking to see how
soil properties change as our rotations proceed over the
VCArs.

Ultimately, we hope solar-powered farms will have
perennial grain polycullures as well as convenlional
crops. 1t may be half & cenlury before high-yiclding
perennial grains arc bred, bul right now we can exumine
how candidates from The Lund Institate’s perennial
polyculture research could be used on the Sunshine Farm
for forage and teguminous nitrogen [ixaton, I.ast year,
we inilialed an experiment to examine how compatible
the native prairie legume Iinois bundlellower would be
with grain sorghum and soybeans in our narrow sirip-
cropping system. The bundleflower increascd the yields
of neighboring strips of grain sorghnm but not of soy-
beans, perhaps because soybeans fix their own nitrogen
and thus did not benefit as much [rom the nitrogen fixed
by the bundleflower, This year, we will include eastern
gamagrass and mammoth wildrye in the strips as well as
study bundleflower in its second year of growih.

Chicken and catile grazing projects arc also under-
way, and are reporled by David Tepfer and Jeremy
Plotkin in separate arlicles in this [and Report. Our
farm manager, Jack Worman, has been keeping a team
of Percherons at the Sunshine Farm, and using them for

plowing, planting, cullivating, and spreading compost
trom our composting chickens project. We have decided
1ot 1o raise hogs because we want to avoid problems
with adjacent homeowners,

We are employing renewable energy technologies in
the form of both draft horses and iractors on the Sun-
shine Farm, and keeping track of the labor and encrgy
required. AGCO (Deutz-Allis) recently loaned us a
refurbished biodicsel-compatible 8630 119-HP tractor,
which we will initially run on purchased soydiesel. We
will explore on-farm oil production by pressing farm
grown soybeans and sunflowers and teeding the left-over
protein meal cake to the animals. We will begin by
reasscmbling a dismantled oilsced press recently re-
ceived from a Friend of The Land at the U5, Depart-
ment of Agriculture in Beltsville, Maryland. We are
looking into processing this oil into biodiesel on-farm as
a demonstration projecl. Itis likely that guaranteed-
guality biodiesel (chemically processed vegetable oil
fuel) would be produced by local farmers’ co-operalives
of a somewhat larger scale in the fuiure,

Electricity tor drying grain, pumping water, running
fence chargers and workshop tools and other needs will
be provided by photovoltaic cells and wind-electric
turhines on the Sunshine Farm, Westem Resources, the
regional public clecuic utility, has donated the compo-
nents for a system of photovoltaic cells and storage
batteries, and will begin assembling them this spring as
weather permits. This system has been sized to meet the
projected anpual electric demand of the farm. By using
automatic waterers that keep from freczing by being set
in the ground, we eliminated the need for cleclric
livestock water tank heaters in the winter, which can
account for one-fourth to one-halt of the electric load on
a typical furm, not counting the house. The photovoltaic
system will be connected to the utility grid because therc
may be times of the year when the power demand is
greater than what is produced. The [ulure inter-depen-
dence of sunlight-powered farms with local {uel co-
opcratives and reglonal utility grids demonstrates that
the aim of renewable energy technologies is not com-
plete farm sclf-sufficiency, but reducing the use of fossil
tuels as much as possible across society as a whole,

One of the central goals of the Sunshine Farm is to
caretully account for all of the energy, materials and
labor that actually gocs into running the farm. To make
this data accessible for analysis in a computer database,
a taxonomy was developed to detine the various farm
tasks, projecls, enterprises, objects, inputs, and other
categories. To control the entry of the data into the
computer database so (hat the stored information is in a
unitorn format for analysis, [ormer Land Instiluie intern
Chad Hellwinckel (now a graduate student m agricul-
tural cconomics at the University of Tennessee) designed
a uscr-fiiendly input screen, This sereen handles com-
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plex entries, such as protaiing (he-fuel dnd falor devoted
to each crop in a field operation that covers more than =
onhe strip. Or, as another example, it prorates the fuel
and labor tor a wip into town to piclk up various items
that are charged to more than one farm enterprise. The
compuler database now containg approximately 1900
transactions that represent all the farm tasks during the
past two vears,

To compute the “indircct energy” required to
manufacture varions farm inputs before they cven reach
the famm gate, I conducted an extensive literature review
1o assemble a lst ol roughly fifty materials needed to
constituie most farm inputs. [ndirect energy is what is
needed to mine, process and fabricate vatrious ores or
malterials. 1or raw matertals that could be recycled, T
calculated the indirect energy for a mix of virgin and
' recycled materials according to: 1) the cstimated
recycled proportion of that material in a solar future, 2)
the reduced energy ihat will be needed to reuse recycled
materials, and 3) the increased energy that will be
needed 1o mince or obtain lower grades of metal ores or
materials as these become scarce. The indirect encrgy
values were entered into a separate part of the database,
When a furm input is enterad in the databasc, the com-

. puter user consults the list and selects one or two raw

; materials that constilute most of that input. [n this way
we are also keeping track of the hidden energy costs of
moning a farm, so that we can evaluate some of the

: requirements und limitations of the “agricultural infra-
structure” in a fossii fuel scarce future,

Determining how to rn a profitable farm in today’s
cconomic environment of cheap fossil fuel-based inputs
is not an important consideration al the Sunshine FFarm,

' Economics will be the biggest wild card in the future
because relative prices among goods and services are
likely to shift dramaticatly when fossit fuel becomes
scarce or expensive, and for many other unforseeable
reasons. Tlis means that current economic analysis will
. have little long-term applicability. Nevertheless, we arc
! . recording income and expenses for each farm (ransac-
tion, and could make the database available for econo-
mists to analyze, to see whether some of our practices
could poteniially be worthwhile to farmers today, The
Sunshine Farm Project concentrates on basic energetic
and nutrient constraints in farming, which will vliimately
interact with the social structure of agriculture to deter-
mine what is profitable in the future.

The cost of our food is currently the product of a
natonal policy of cheap food and fucl. The data derived
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trom these studies will allow us 10 Thake's _
plete ecological uccounting of famung, which may -7
suggest a move accurale long-term cost for whal we eat.
The production of annual grains using renewable encrgy
echnoelogies and low-inpui practices on the Sunshine
Farm will also provide & standard for comparing the
productivity of conventional grains with that of perennial
grain polycultures, Thus, we hope the siudics under-
taken at the Sunshine Farm will lead us to a belter
understanding of both the opportanities and the Limita-
tions of “conventional ” organic tillage and livestock
farming on the Great Plains in a solar-powered fulure.

more

Agricuitural rescarchers and tarmers are showing
interest in the Sunshine Farm Project. A scientific
advisory committee of seven members from across the
nation convened prior to the project, making research
recommendations that were adopted, In conjunction
with the Teartland Sustainable Agriculture Network, we
have also recruited a farmer advisory committec of local
farmers to improve our farming practices. We have
received on-site rescarch advice from Charles Francis of
the University of Ncbraska, apd from scveral faculty at
Kansas State Universily: Rhonda Janke, Dave Regehr,
Terry Wilde, Paula Bramel-Cox, Jay Siebert and Fohn
Blair. On-site suggestions for [uture testing of Sunshine
Farm soil quality were given by soil scientists Michael
Miiler of Argonne National Laboratory, INinois; John
Doran of the U.5. Department of Agriculture, Lincoln,
Nehraglka; and Orville Bidwell of Kunsas State Univer-
sity. Agronomists have attended the intern talks at the
anncal T.and Institute rescarch advisory group meeting at
Kansas State Universily. I thank them all for their
interest and advice, and cncourage other agricullural
rescarchers to visit and explore research opportunities at
the Sunshine Farm.

Marty Bender iy Land Institute
Sunvhine Farm Ecologist

Special thanks to the Aunstin
Memoriel Foundation, the
Foundation for Deep Ecology,
the Wallace Genetic
Foundation, and the Clarence
E. Heller Churitable
Foundation for providing mojor

Junding for the Suashine Farm.

At the end of a day in latc October, Land Institute statt
and inlems waiched as their major work task of the year
was christened: eight Texas Longhorn cows were tumed
into owr newly [enced pasture. As of winter there were
ten, eating sweel cane and alfalfa hay grown on the
Sunshine Barm. Catlle grazing on the prairie is a new
sight at The Land Institute. Understanding theilr purpose
and how they came o be here is important.

The cows are at 'I'he Land Institute as part of the
Sunshine Farm Project. The [arm is composed of 50
acres of [lal, fertile bottom land and 100 acres of prairie
on hilly uplands, and combines traditional Great Plains
crops and livestock with newer encrgy cllicient tech-
nologies, T'he pastare is on the 160 acres north of Water
Well Road, northeast of The Land Institute’s office. The
callle fil] the rolc thal animals do in any ecosvsiem,
helping to cycle nutricnis.

Grarers were a large component of the native
tallgrass prairie, our model here. The hilly uplands, even
the more gently sloping parts, are subject (o erosion and
should remain as prairie. Someday our perennial
polycultures may have some place here but for now
maintaining a (unclioning prairie scosystem is our goal.
Properly managed grazing can accomplish this goal and
also allow the animals to be part of a larger farming
system.

Just as bison grazed the tallgrass prairic, cattle will
graze our prairie. Cattle do not graze exactly the same
as bison, but they are easier to manage and mect our goal
of using traditional crops and livestock, We are using
the Texas Longhorn breed because they do better on 1
forage dict than other breeds, o very important trait since
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we inteid 10 produce primaiiiy grags-fod beef. Their
natural diseasc resistance, acquired through ceniuries éf
evolving in a semi-wild state, makes them well suited (o
organic production practices,

The cows and their yearling calves will also be
supplemented with crops and crop residues from our
tillage land. Manure from their wintering area will
relun to the fields and help in the recyeling of nutrients
o1 the tillage land.

This production system draws on (raditional prac-
tices of grazing cows and yearlings wlong wiih [eeding
lhem some harvested crops and crop residue. The
stmilarily is intentional. As much as possible, we are
using crops and livestock and production practices that
are familiar and proven in this region over time. While
many farms today are moving away from integration of
crops and livestock, we seck to return to and build on
traditional practices, modifying them as necessary based
on ecological standards, and combining them with new
energy eflicient technologies.

As anyone would expect, actually getting such a
system up and running is no small task. Part of the
perimceter fence was compleled in previous vears.
Finishing the {ence and the rest ot the preparations for
the cows was the intern’s major project for 1994, We
started working on it our first week here, With cvervone
taking their turn, two or three of us were out there mosi

nice aftcmoons through the spring and every day in

sumdmer. We took a break from it only to prepare for

Prairie Festival and (or about a month at the peak harvest
time in the perenmial potyculiure plots.

We built three-quacters of a mile of now six-strand
barbed wire [ence and repaived and rebuilt the rest of the
fence. Peremmial polycullure and grazing research plots
had exclosure fenees built aronnd them. Gates were
hung, swamps and gullics fenced through and around,
and all of the other little details of fencing on hilly
uplands taken care of. All of (he interns have a greater
appreciation of the skill and labor that goes into building
2 good fence. We won't ever lock on those miies of
fence seen from the highway in quite the same way.

We did a cover class analysis of nine sites on the
prairie in July. This gives us baseline information on
species diversity and abundance by which we can judge
the elleets of grazing over the life of this study. Details
of this survey will appear ia a [uture Land Report,

With the fence done and (he cows out there, the
grazing management begins. Obviously, grazing man-
agement is about controlling where and when cows
graze, and one goal is high production over a long time
frame. The Land Institute is also intcrested in grazing in
a manner which relies on and preserves a healthy prairic
ecosystem, and in [fitting the grazing sysiem into a
diversified farm,

1994 interny Portia Blunwe
amd Eathy ITolm building
fence
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Grazing systems differ in the number of separate
grazing paddocks ihat are created and how oficn the
cows are moved from onc to the next. This can range
[rom a single pasture in which the cows graze ycar
‘round, to a hundred separaie paddocks with cows
moved every day, or any variation in between. The
movement of the cows is timed to control how much of
the [orage is eaten and how long it is left to recover
before being grazed again.

More frequent movement results in all of the animals
being in a smaller area for a shorter period of time,
which requires close monitoring of forage condition and
an intense level of management. Proponents claim that
this more intense management is rewarded by higher
forage production and thus greater cattle gain. Short
duration intensive grazing with a long rest period
between grazing occurtences may more closely minic
the grazing impact of a herd ol bison roaming over a
large region, possibly resulting in a healthier syster.
The long-term cffect on the ecosystem of this higher ratc
ot harvest is uncertain, however.

[ong worn catrle ar The Land
Tnstitule Gahoea)

Some scienlific rescarch, including an ongoing study
at Kansas State Universily on tallgrass prairie much like
ours, suggests thal the type of grazing system may not be
as important as simply the number of cows in affecting
forage production and species diversity, an indication of
ecosystem health, Expecting a system (o increase the
carrying capacity of a pasturc and increasing the munber
of cows too much may damage the pastare.

There are other benefits from controlling where and
when cattle graze. Cattle can he forced to graze hill
sides, arcas farther from water, close to north fence lines,
and other places that they would not readily go. They
can also be forced into brushy areas 1o help conirol the
invasion of weedy trees, Moving fences and providing a
varicty of waler sources alters ihe trails cows take and
keeps them from trampling areas around water, and from
overgrazing hilltops and southwest corners wherc they
tend to foaf with their noses into the swmmer brecze.
Letting some arcas rest while more [ully utilizing others
may increase carrying capacity by improving range
gualily and cvening out grazing pressure.

A further consideration in our grazing system is how
it firs into the rest of the farm. A diverse, integrated
[arm will make many time demands on the tarmer, so we
will set up a system that does not require constant
attention 1o the cows and has some flexibility and room
for error. We want to learn from university and ranchers’
experiences and sel up a system that mimics 4 nawiral
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The work of The Land Insiitute is

system, but to be very cautions about how much we
expect it to produce and how much inensive manage-
menl it demands from us 0 succeed.

'I'his [irst year we will graze ten cows in a system of
paddocks [enced by electric polywire. This light mov-
able wire will allow us to be (lexible in our paddock sizc
and configuralion and gain some of the benefits of
conirolling where the cattle grazc. We will itially try
to move the cows cvery few days and see how the labor
requirements fit into the rest of the farm. With eight or
ten scparale grazing areas, each arca will get aboul a
maonth to rest before it is grazed again. After this ycar
we will also be grazing vearling calves so our initial
estimate of carrying capacity is important. We will need
{o adjust the number of cattle und their supplemental
feed as we learn what the prairic can sustainably pro-
duce.

Through the remuining years of this project we will
closely monitor specics diversity and lorage produclion
oD the grazed prairie. For comparison we have eighteen
small exclosure areas fenced off within the area that is
erazed, as well as 60 acres of unplowed prairie right
across the fence that will not be grazed. These areas will
serve as standards which will help us understand the
effcets of grazing on the prairie.

Become u Friend of The Land,
Tu become a Friend of The
Land and receive The Laud
Report, please return your
menthership gift inday. Clip
this corpon and refurn it with
your check, made payable to
The Land Institute, 2440 E,
Weder Well Road, Salina, KS
G701,

based pn g vision of a way of
agriculiure-and o way of life-
that protecis the long-term
abifity of the earth to support a
variety of life and culture, If
yertt share this vision wid would
ke to get more actively
involved in making it a realfly,

Yes! 1 want to join the Friends of The Land

Here’s my membership gift tb become g Friend of The Land. My
donation will suppost sustainable agriculiure and good siewardship
of the eqrtls.

$25 450 8Snp__ §500

Nume

Address

Please send me information about:

______ _ Esiablishing an endownment fund
Making « giff of stock

__ Receiving income from my gift

. Making a gift through life insurance
Generating ¢ tax deduction from iy personal residence
ar farm
Providing for The Land institute in ny will
Making o pift of art or antiques

. Netting up a memoriad fund

Seeing the fence completed and the cows turned
lpose was one of the climactlic moments of the 1994
intern yoar, but it was just the [rst step. Al [irst glance,
these tows i the prairie at the Land Instituie Sunshine
Farm do not seem diffcrent from those on current farms.
That is how we want it. This is a farin system based on
what the best Great Plains farmers have developed and
continue to improve, one that others could adopt It they
wanted to become more ccologically sound, and that the
rest will have to rediscover when petrotcum becomes
more scatce. It is within easy comprehension. It is the
underlying principle of what those cows are doing that
we hope will set them apart. They will graze {allgrass
prairie as it cvolved to be grazed and at the same time be
part of a larger farm ecosystem, doing their role n
cycling nutrients. And along the way, providing food
for people,

Dave Tepfer is Land Institite
Research Assistunt
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The Sunshine Farn project examines to what extent it is
possible for a farm to meet its own cnergy and nutrient
nceds, One important strategy 18 o increase internal
cycling, The encrgy the farm can capture biologically iy
limited by the amount of solar radiation and the effi-
ciency ol photosynthesis. The challenge is to usc Lhis
energy as [ully as possible. Products trom ene scctor of
the farm must be used by other sectors in order for the
farm 10 sustain itself both biologically and encrgetically,
and stilf produce some output.

‘The poultry operation on the Sunshine Farm worls
toward this tight integration, The chickens can he fed
farm *waste products™ such as the meal left over from
soy and sunflower oil production, grain that falls on the
ground during harvest, or piles of weedy hay, They can
also provide work for the furm, by turning compost or
spreading their own manure on the fields. The two parts
of the poultry operation—a mobile broiler grazing pen
and a compesting chicken yard—were [irst attempts 1o
cxplore these possibitities,

We raised 80 young meat chickens (broilers) in a
mobile grazing pen similar iv onc designed by Jocl
Salatin (1993). The pen was a 10x12x3 fooi wheeled
cage capable of holding up to 100 broilers, open on the
bottom so that the chickens could graze. By moving the
pen daily to fresh vegetation, the impacl of grazing was
spread out, The pasture was hit hard onc day, then lefl

to recover, Manurc from the chickens was spread over 4
wide area, turning a potential pollution problem into a
fertilizer source. 'The green foliage suppiied a fecd
supplement making for healthicr chickens, which made
for healthicr meat {(Salatin 1993).

Grazing is an efficient way to warn the alfalfa into a
product and return puisients to the soil. The more
laborious and energy-intensive altemalive is to cut hay,
kaul it to the barn, feed it to livestock, and ship manure
back to the field. GI course. the farm needs some hay to
over-winter horses and cattle, but the chickens cun
effectively harvest any alfalfa not needed for huy. We
were curious about the effect of these two methods ot
harvesting on the growth of forage plants.

We conducted an experiment to quantify the impact
of the chickens grazing on alfalfa, and compared it to the
impact of haying, The chickens were placed on a stand
of allalfa and moved cvery day. Lach morning when the
chickens were moved, an equivalent patch right next 1o
the pen was mowed and raked. Biomass yield and
nitrogen content of samples of the regrow(h were
compared between the grazed and mowed plots,

The [ull results of this study will be reported in a
future Land Repore. The main finding was that the
mowed alfalfa grew back much inore vigorously than the
grazed allalfa. There was no significant difference in
nitrogen conlent between the two treatments, probably
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indicating that the fertilizer valuc of the manure was not
being utilized by the allalla. This could be partly
because it was extremely dry during the study period,
and so the nilrogen didn’t wash mnto the soil from the
manure; or that it just wasn't available yet. Nitrogen in
manure lends to become available Iess immediately than
synthetic iquid fertilizers, though chicken manure
mineralizes faster than many other manvres. It may also
be that alfalfa is just the wrong plant [or chicken grazing.
Nitrogen tertilizer is not really needed for allulfa, since it
is a nittogen-tixing leguime (Lamond 1993),

This suggests that the best use for broiler pens on the
Sunshine Farm could be at the end of the alfalfa rotation,
when the regrowth of (he stand is no longer desired.
Becuuse allalfa hay is harvested repeatedly over the
course of the year, it represents a drain on the phospho-
rus and potassium fertility of the soil (Lamond 1993}.

By harvesting alfalfa with a broiler pen some of these
nutrients would be returned dircetly to the soil, and there
would be an additional input from the feed consumed by
the broilers.

Another part of the poultry operation was the
chicken-house compeoster, Since many farms [requently
have a surplus of old or weady hay and straw, we wanted
to explore the use of chickens (o fucilitate composting of
this material. Our 70 laying hens lived in a mohile
house, within movable fenee panels that enclosed several

large piles of weedy hay. The hens picked through the
hay, gradually working a pile down until it was rela-
tively tlat. 'f'_'l,ftt_ar they had worked 4 pile for two weeks
to a monih they were moved to a4 new pile, and the old
one was mounded back up with a tractor and bucker
loader. In the process the chickens added mwoisure and
nitrogen to the hay, helping to speed decomposition and
adding lo the fertilizer value of the compost. T estimale
(bascd on [ced input, and on samples taken [rom finished
piles) that they were responsible for about 5.8% of the
nitrogen in the composi. This is only a small addition to
the fertilizer quality of the pile, but it could have
chunged the carbon-nitrogen ratio enough to make
conditions more ideal for cormposting, The layers also
speeded decomposition by turning the compost, knock-
ing dowii the piles thai we had buitt with the ractor.

Though the chickens did speed Lthe composting
process, it still took a long time and a good deaf of
mechanical energy. A larger animal that can turn over
more material in a shorter time might work betier for
composting. Joel Saiatin has had good success using
pigs to process compost by hiding fermented grain in his
piles (Shirley 1994}, A better siralegy for the hens
nright be (o [ence them around short sections of the trees
in the windbreak, and move them periodically. Many of
those trecs bear fruit that is not currently harvested, The
windbreak would then require less mowing, saving
energy, and the chickens would get more green vegeta-
tion to eat,

There are many other ways chickens could fitinto
the farm operations that would be fuel cicient, perform
some work Tor the farm, and make use of energy and
nutrients that would otherwise go unutilized. Both the
broilers and the layers conld glean grain dropped trom
harvest. Another possibility would be to rotate the
chickens within the native prairie pasture. Salaiin does
this, and reports much reduced tly populations, because
the chickens break up cow manure pallics where the fly
arvae hatch. Becauvse this was only the first year of the
poultry project, we have many avenues still to explore,
There are many alternatives for improving the integra-
tion ol the poultry, and it is likely that some effective
solutions can be worked ont,

Raymemd Tamoml, 1993, “Alfulfy
Ferrility” in Alfatlfu Production
Handbool:, Cooperative Extenszion

Service, Kansas Siale Lniversity,
Manhattaa, KS

Jusel Sulatin, 1993, Pastared Pouwliry
Pregind, Polylace, Ine., Swoope, VA

Christopher Shirley, Septemberf
Oetobur 1994, “Pig-powerad
Composting” Mew Fam

Jeremy Plothin was a
1994 hntern
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0 their new homes,

Spring "94: Christian Anders

Petrovich, shown ubove in suthenlic
ail garb, drives Lhe young

polyeuitores north across the Plains

Great Plains Research Fellow

The Land Institute is loofdng
for a Research Fellow (o
condict this season's vegetative
analysis of the Great Plains
Project research plois.
Qualifications include: (1) o
close fumiliarity with The Land
Tustitute's perennial polyeulinre
researeh; () experience with
praivie plant and common weed
identification, (3} yome
experience with siatistical
analysis and scientific paper
writing; and (4) the ability to
sleep in the back ef a truck. In
other words, a forser inleri
weild be ideal. The Research
Fellow will spend June throngh
August 1995 in the field and the
Sfollowing two months analyzing
awd writing up the data. Please
contact Wes Jacksen at The
Land Institute for more
information.

Looking to the empty space on the dashboard where
always put my journal, [ inhaled the spores of panic with
ihe memory of the Tast phone call I made an hour’s drive
ago. The vivid image of myself leaving a summer’s
worth of rescarch data, field obscrvations, and contact
phone numbers on top of my Ford’s blue roof glared
back at me with a picrcing displeasurc. The panic spores
had found an opporiunistic niche in me and began their
exponential growth toward desperation.

A weary three hours laler my eves were tickled by
the sight of my 300 page loosc-leal notebook scattercd
on both sides of the on-ramp to the highway for about an
eighth of a mile! The papers werc held against the wind
of passing waffic by the patches of vetch and switchgrass
they had scttled into. Ileapt from the truck with the
raven cackles of a giddy madman and began swooping
up the pages. In my lell arm I clasped the precious
bundle I was gathering Lo my chest while my fully
extended right arm held each new page in a dramatic
pose. I re-read my notes aloud ag I went with shouts of
operatic enthusiasm,

“Tom Reidy! Ha-ka!” Tom is one of the 66 people
in 14 states who has agreed o be a collaborating
researcher in this Great Plainy Research Project. He is
a rancher of Longhomn caitle and o breeder of hair
sheep. He rotationally grazes them together in a mixed
herd on his ranch in Moody, Texas. It ways early March
when I first visited that ranch to plant the pervennial
polyculture research plot. Siarting in Texas, trace the
arrows on the map with your finger and yvou will follow
the route { took — once fo plant in the Spring, and again
three months later to study what grew. If you pulled the
whole trip out straight info a line, it woudd wrap once
around the earth at irs widest poinr (25,482 miles).

“Ahha! Tripsacum dactyloides (eastermn
gamagrass}y Seed rate: 8,000 grams per acre;
Maximilian Sunflower! and Illinois bundleflower! both
at 6,072 grams per acre; and Mammoth wildrye at 4,724
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etains per acre!” Although the fofal area of the study
plors combined is 1.35 acres, it s scattered out into 75
30 x30" plots acrosy the wide climatic ranges of the
Midwest. In each plot we planted The Land Institute’'s
Jour primary perennial grain candidates {listed above)
with four other herbaceous perennials meagnt 16 furciion
ay companion plants. {a 50 doing we hope {0 learn the
geographical range and microhabital conditions in
which a pofyculture of the condidate species can suc-
ceed.

“Bruce Bacon! Ramscey, Minncsota!” Bruce is an
organic vegelable furmer, a tree consultunt, and a
community organizer. His famity farm is a market
garden cooperative, selling to restaurants in the Twin
Cities, with a resident farmer popalation ihai expands
amd coniracts with the seasons. Of the 66 groups and
peaple like Bruce whao are colloborating in this Land
institute research project 19 are furmers or ranchers; 11
are agriciliural researchers, another 11 are teachers of
various disciplines, 5 are non-profit organizations, and
the remaining 20 are various eclectic business people
and professionals. Al are familiar with the Land
Institute’s work, and many have been contributing io
and following it for 5 to as many as 16 vears,

“Hm., What’s this photograph? Ah! T must havf.,
tucked one of the pictures | took of a research plol into
my notchook!™ [ returned fo the plots ondy three months
after planting them to assesy the state of their establish-
ment. When you see o one season old, hand-broad-
casted, unweeded, unwatered research plot it recalls
memories of some nightmarish weed paich: the kind of
thing many people would simply plow under. Imnediate
gratification is one of the first things we let go when we
choose to work with perennials. This is because our
slow-growing perennial seedlings may be onfy five
inches tall in their first vear as they put most of their
encrgy fnto root growth, Meanwhile the anmucl weeds
fiave found an ideal disturbed soil niche to exploit. Next

season the perennials we planted will get a head start on
the weeds and do better. St with o hand-broadceasted,
wnveeded plot we expect establishment to take three o
five years before the perennialy have fully taken hold
and become dominant.

The reason we took this longer approach of not
watering nor weeding nor even planting in rows, is that
we are working to create a self-organizing system — one
that is no! dependent on human inputs of fossil fuel
energy or chemical herbicides. By hand-broadeasting
seeds and then leaving the system to establish on s
own, we do not impede the development of mufuaily
beneficial plant interactions. By neither watering nor
weeding, we leave the plants o survive only in the
microhabitat conditions for which they are ecologically
adapied. So although this research project will rake
longer to assess, and will look frighteningly weedy in the
first years, it may be the methodology we need to de-
velop a form of agriculture that behaves like a prairie,

After [ had gathered all my pages back together, and
thanked my lucky stars for finding them, I got back into
my truck and headed over the Mississippl River again,
wondering what other surprises this study would hold.

P.S. Yes, this reafly did happen! And oh how [ danced
and sang when I came across thar spread of papers.
These “Greal Plains Project Updates” will be published
periodically over the snidy’s expected five year duration
@s the resulty of our region-wide study unfold.

Christian Anders Petrovich was
it {994 Fand Institute Research
Fellow
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Summer Volunteers ai The Land

By Kathy Holn

To suppotl a collaborative research effort, the
University of Tennessee, Knoxville, sent graduate
student Julie Lockwood to work full time at The Land
Insiitute this past summer. Julic, a zoology PhD swdent,
assisted with field rescarch and data analysis for The
Land’s new communily assembly experiment, described
in Land Report 49, Spring 1994,

At the University of Tennessee, she works with Dr.
Stuart Pimm, Professor of Ecology, on the “community
assembly” process. Their work explores the dilferent
states hiological systems pass through before reaching a

They came, they saw, they cultivated, pretty well sums
up the summer’s work of twe Land Institute volunteers
— Yuri Gallegos and Jutie Lockwood.

Yuri Gallegos, a 26-year-old senlor at the
Universidad San Francisco de Quito in Ecuador, spent
this past summer working as an apprentice at The Land
Institute.

Yuri studies industrial engineering in Quito and is
particularly interested in alternative energy. including
wind generators and solar cnergy. While at his umiver-
sity he invented a rotary motor, for which he won a
university prize. He is currently working with the stable state. The community assembly cxperiment
university to develop the motor and get it patented. incorporates some of these idcas into The Land

While at The Land, Yuri worked primarily on the Institute’s perennial polyeulture work, Land Institute
Ecologist Jon Piper and Intern Debbie Crockett headed

up the 1994 research clfort.

“I came to The Land Institute {or the summer
because Treally wanted Lo get involved in the hands-on
work of this experiment,” Julie said. “T think it's
important lo have someonc from the University of

Sunshine Farm Project. He said his awarencss of
worldwide problems in and of agriculmure increased

while in Kansas,

“[ really enjoyed working at The Land Institute.
Kansas is beautiful and everybody was really friendly
and helpful,” he said, “although it was quite hot.”

Julic Tockwand Yun Gafleges
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Temnessee to follow through on this experinent from.

year to vear, someone who knows the plants and the e

regearch protocol,”

Intern Debbie Crockett agreed. “Julie has alot to
ofter us in terms ol her background in community
assembly. She has worked with these types of projects
before and has analyzed the data sets.”

Originally from Atlanta, Georgia, Julie received a
BS und an M5 in biology at Georgia Southern Univer-
sity near Savannah, and is currently in hor thivd year at
The Untversity of Tennessee. FFor fun, she says she
enjoys canocing and loves to fish.

“T fish wiih a rod and reel and I tike to work at
training the fish to come up to the sound of beer cans
hitting the bottom of the boal.”

He’s An Enigma, Bui He's Ours
By Kathy Holm

Interviewing John Jilka for a Land Repor! article is an
exercise in pure frustration: he won't fell you anything.

If, alter cajoling and trickery, John deigns to (ell you
something, anylhing — vou can bet iU’s a tall tale.

These things about John are known: Tle has nine
children, seven girls and two hoys. He has worked for
The Land Institute since 1989, Prior to The Land, JTohn
worked at Earthcare nurseries for abowt four years, prior
to that he worked at Beech Aircraft Corporation for 21
vears in the production, tool making and pattern shop.
Before that he farmed. Belore that he was in the Mer-
chant Marine (those cxploits, howevet, remain serictly
oll-the-record). He is active in the American Legion and
waters and weeds the flower beds at his church, which
he attends every week, His hobbies include growing
wheat and gigantic turnips on ten acres of land around
his home and looking after one dog, Buster, and a
“scroungy” cat. He likes beer, peanuts and Old Crow
whiskey.

To get more than (hat, to flesh out the story, one
necds o wrm 1o others to deseribe kim. That’s not a
problem; everyone has John lilka stories. 'The problem
still is how much o believe.

*John says his favorite stew to take to potlucks is
made from road-kill possum,” says Volker Wittig, 1991
intern, who used to work with John “a lot” at The Land
while he was there.

*I worlced with John fencing on the 160 (a quarter-
section owned by the Land) and cveryday in carly
afternoon when we would sce the schoolbus go by John
would say, ‘Oh, the schoolbus just went by, time to get
the tools together and go home.’

“John's favorite way 1o describe how big one of the
corner-posts we were selling on the 160 was, ‘Tt took us
three days to walk around it, that’s how big il was.'”
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John has mumerous hobbies too, including fishing.
“There’s a pond north of Salina that John likes to drive
up to with Buster and a boat,” Volker says. “Another
hobby is fixing up his 1923 Ford truck at home. He’s
working hard to get il done so ‘he and the missus’ can
drive it in the Fourth of July paradc in Salina this year.”

Evangeline, who’s married to John, is “the nicest
person in the world ... She and John are the reason why
their kids turned out so generous and good-hearted,”
Volker says. “She’s also a great seamsiress, a good cool
and she plays the organ in choreh.”

“John is honest, a good Christian and & good neigh-
hor,” says Max Redding, Jilka's neighbor, “THe has
seven real sweet daughters, two sons and a nice wife
who drives a school bus. They’ve worked with the
Mentor 4-H club for vears and years. In fact John has
been Lhe project leader for swine for 15 vears.”

“I've got a John Jilka story for you,” says Bill
Conaover, former pastor at the Solomon Yoked Parish in
solomon, Kansas. “One day T was walking down Lhe
street in Sotomon and | hear someone call out to me,
‘Hey pastor, I picked up a sinner for you today.” |
turned arcund and it was Jack (Worman, Sunshine Farm
Manager), yvelling at me from the cab of his pickup
truck. Jack just pointed to John Jilka, who was sitting in
the front seal grinning.”

“Tohn hus played the same trick on me at least five
timics now,” says Debbie Crockett, “94 intern. I can sec
him out of the comer of my eye pull his watch out of his
packet, ook at it, put it back in and say, ‘Debbie, what
time is it?” 1 say, ‘T don’tknow.” Then John squints up
at the sun and tells me the exact time.”

Other John Jilkaisms?

“He offers me a chew of tobacco now and then,”
Debbic says. “He’s also fond of telling us how fate he
stays up baking to bring things to The Land Institute.”

Of cowse, we all suspect that Evangeline does the
baking at the Jilka house.
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New Staff at Matfield Green =~ "o
By Kothy Holm

The Land Instituic’s presence in Matfield Green got a
little bit bigger with recent stafl additions of Ron
Armstrong and Cathy Bvlinowski.

Armstrong is The Land’s new fix-it person, handy-
mun and jack-of-all-trades. He has been working on 4
varicly of projects in Matfield Green, including fixing
the ceiling, removing a coal-burning furnace and instali-
ing a darkroom in the renovated schoolhouse.

Ron grew up in Wichita and worked in Colorado for
the Breckenridge Ski Corporation for 21 years. He
retired at age 55 and moved 1o Matfield Green te be
closer to his Tather, who lives across the street. But
retiremnent was, well, a e dull: “T started getting
antsy,” Ron said. “T wanted to work again.”

Thai’s when Wes approached him about working for
The Land, Ron said. He has been working since August.
“Sinee I grew up in Wichita, had relatives in the
ranching business and a father who grew up in Matlield
Green, people here welcomed me with open arms,” Ron

said. “1t's a neal place to live, real laid back, things
move at a different pace. 1 expect to be here quite a

while,”

Earth Songs Benefit The Land

The Land Instittile has a special
relationiship with a music
company called Nurade and a
D ealled Earth Songs, For
(he past two years, Narada has
been dvnating part of the
proceeds from saley of Earth
Sanys fo the Land Iustitte,
Earih Songs is a special
collection of 12 compositions
paving honor to the beauly and
sanctity of the earth. Each
selection was inspired by a
poent in the verse compilation
Euarth Prayers, which brought
tngether writings ranging from

b1 Lawrence to Chief Dan
George. Narada artists cover the
Sfull specirum from gesustic to
electronic, New Age, world
srusic, and jazz and pop fusion.
The selections on Eurth Songs
tnelude David Arkenstone’s ¥A
Thousand Small Gold Bells,™
pianist Michael Gettel’s
rendering of prophetfic warning
from verses in Isaiah eatitled
“tlarth Cry Merey,” and
guitarist Eric Tingstad and
oboist Naucy Rumbel's “In
Keturn,” an evocation of
Wendell Berry's pnem “Song
(4" Nancy, a former inember
of the Paul Winier Consort,
sappested the Land Instifude fo
Narada. If you wonld like to
explore this musie further, the
Narade catafog is avatlable af
4650 N. Port Washington Road,
Mitwaukee, WI 33212-1063, or
by calling 1-300-966-36599.

Gelling back into gardening and working with un
organization that promotes “right-relationship™ with the
land are the things that captured Cathy Bylinowski’s
imagination and prompted het to work in Maifield Green
for The Land Inslitote.

Cathy has a degree in English literature from Wash-
ington University in St. Louis yet the gardening-cxperi-
ence section in her resume is about five pages long. She
has been involved with a variety of community garden-
ing projects, including worling with the University of
Missouri Extension Service's Expanded Food and
Nutrition Program for low-income people. That required
helping people create backyard gardens and community
gardens, writing a gardening newslclter, and teachiog
about food prescrvation, she sald. She later went 1o
work for Kansas Cily community gardens, where she
learned a lot from Laotian and Cambaodian people who
brought native gardening methods with them. After that,
she “drifted into social work.” Cathy worked with Legal
Aid in western Missourd on a migrant farm worker,
project and for a community service agency in Kansas
City, Kansas.

When Cathy decided o return to her gardening
roots, she also decided to join The Land’s staff. She is
now responsible [or T.and Institute gardens in two big
vacant Jots in Matfield Green. With thosc she hopes to
provide future meals for staff, interns, conference
attendees and for volunteers who come down to work in
Matficld on the weckends,

Her gardening plans include incorporating
permaculture design principles into the gardens, planting
low-maintenance perennials and becoming a more
skilled gardener. Tn addition o these dutics she also
bakes hread once a week, kceps the Lumberyard Cafe
open and takes care of Land Instilute-related visitors.
She also hosts a ranchers meeting once a month [or a
group trying to form a moarketing co-op.

“T'm always surprised by the fricndliness of people
here in Matfield Green,” Cathy said. “They are generous
with their time, with their gifts of food — (hey'te really
wonderful.”
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Changes ai the Land o

The Fand Institule hus a4 new full-time Office Mana;;;er N

and Development Associate. Stephanie Krug was
Deputy Cily Clerk for the City of Salina for the lasi [our
years before Joining the Land [nstimute staff. Louise
Sarensen is staying on as part-time Secretary and
Receptionist,

1994 Intern Dave Tepler stays on as 1995 Research
Assistant. Dave will help coordinate the fieldwork of
this year's intems, continue with the Sunshine Farm
Longhorn project, and start research on our ecological
accounting project acound Mattield Green, OQur thanks
to Avdrey Barker, 1994 Intern Coordinator, for all her
good work. Audrey 1s back in upstate New York,
heading toward graduale studies in forestry.

And of coursc, thanks again to Sally Cole for her
mugnificent year as a volunteer here in Salina, Sally is
back home in Aspen, but she remains a very active Land
Institiute board member.

A Memorial to a Good Friend of the Land

Recently, the Land Institute received what amounted 1o a
small avalanche of contributions made in memory of
Wally Bakken, 4 long-time Friend of the Land who lived
in Denver. This memorial tribute had been arranged by
his wile Marian, and children Stefanie, Tim and toel.
Naturally, we wanted to know more aboul Wally. What
we found was typical of many Fricnds of the Land —
that is, someone with a lile-long love of the land, of
which support for the Land Institute was but ong expres-
sion,

Wally and Marian attended two Prairie Festivals,
and enjoyed our inter-disciplinary atmosphere. She told
us they “liked the creative and alreinative work you do
to change the way we approach the land. You provide
hope [or the future,”

We would like to thank Marian [or allowing us to
quote from her tribute to Wally, and for their support
over the years, It hearlens us to remember that such
people are out there. You, too, provide hope for the
futore,

Wally wus born in Grand Forks, North Dakota, on
Septemnber 29, 1934, His dad, Eddie, was a sign-painter.
Wally obviously acquired his steady, artistic hand from
him. From Josie, his mom, the graceful keeper of the
hearth, Wally inherited, among other things, the gifts of
hospitality and creating good food and family life.

When he was still very young, Wally siarted visiting
the Bakken family farm near Adams, North Dakota. His
suminer visits expanded from a few weeks to where he
Spent every sunmmer working for his uncle and auns,
Marvin and Relinda. This began a love of the {and and
farming that would remuin a passion of Wally's through-
ot fis Lfe,

B Wally Bakken

His first job as a petroleum geolagist way with
Amerada in Williston, North Dakota. After working
fifteen years for oil companies, he became an indepen-
denl consuliing geologist. Because of work transfers,
Wadly and his funily lived in Williston, Casper, Calgary,
and Denver.

Wally's well-rounded life was reflected in how he
spent his letsure time. He was a craftsman who enjoyed
building rather than buving ready-made; fixing some-
thing himself rather than hiring a repainnan. He
enfoved maovies, especially those from Scandinavia, Two
af his favarite’s were “Babette's Freast™ and “Pelle the
Congueror”, He collected and read books by Ole
Rolvaag and others who wrote of the seuling of the
prairic. Beyond that, his reading inferests were varied,
including listory, philosophy, 1echnical farming and
building, and reflections of the natural world. He had
Javorite dishes he liked 1o cook, especially for holidays.
Although certain of his siblings might disagres, Wally's
lefse had no comparison!

His love for the land was a constant. Wherever he
lived he always took care to plant a parden. These
efforts were preparation for the dream that wowld
become a reality in 1991, He and Marian bought a farm
near Virogua i the beatiifid, rolling hills of soutinvest-
ern Wisconsin. He was aurtured by working and
butlding on this tand and by the simple pleasures of
walking to favorite places, making new discoveries, or
sititng by the river, listening and watching.

Wally died on Friday, November 18, 1994. He was
60 veaiy old,
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I Wes Jackson. Becom-
ing Native to Thiy Place. 1994,
Cloth, $12.95.

[ ] Wes fackson, New
Roots for Agricalinre. Second
Editivir, 1985, Paper. 57.95.

| Wes Jackson. Altars of
Unkewn Stoie: Science and (he
Farth. 1987, Paper. $9.95.

[ 7 Wes Jacison, Wendell
Berry and Bruce Colman, eds.
Meeting the Expectations of the
Land: Essays in Sustainable
Agriculture and Stewardship.,
1984, Paper. $12.50.

{ } tarry Morvgun Mason.
Life on the Dy Line: Working
the Land, 1902 - 1944, 992,
Cloth. $19.95.

[ 1 Judith D, Soule and Jon
K. Piper, Farming in Nature’s
Image, 1992, Paper. F19.93,

Articles

[ | bvan Eisenberg, “Back
264(5):57-89, November, 1089,
$3.00

[ ] Wes fackson, “Living
Nets in a New Prairie Sea: New
Roots for Agriculiure,” East
West fournal, 13(8):49-51,
1983, $0.50.

!} Wes Jackson and fon
Piper, “The Necessary
Marriage Between Eeology and
Agriculture,” Ecology, 70;
1594-1593, 1989, §0.50.
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maximum)
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Land Institute Loge, Cloth.
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Large, 310.00.

[ ] Tee Shirt. Bison, Land
Institute Logo, Cloth. Adult;
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Large, $16.00

[ T Sweat Shirt. Blue, Land
Mistitute Lago, Cloth. Adult;
Medfum, Farge and Extra-
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! | Tote Bug. Land
Institute Logo, Canvas. 310.00

[ Cap. White, Land
Tustitute Toge, Cloth, 38.00.

[ ] Hat. Green, Land
Inseitute Logo, Cloth, $9.00.
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Germ Plasm Studies of llinois Bundleflower and Raslermn Gamagrass

Victor Rahinovich

Ahstract

llinois bundleflower (Desmanthus ilincensis) and eastern gamagrass (7ripsacum dactyloides) are heing developed as perennial
grains at The Land Institute. Here | summarize & five year study of yields of lllinois bundleflower and a first year report on
gamagrass selections. Thirty-iwo bundleflower accessions were compared across five years to examine their yield patterns, The
highest five year vield was 448 g m2(accession 1030 from Saline Co., KS) and the highest one year mean yield was 153 g m™*
{accession 318 from Ellsworth Co., KS), Two accessions, 1111 and 1093, have promising high yield patierns that differed from the
general irend. The gamagrass study compared seed yield and disease level of five isolation plots sach selected for such
agronomic characteristics as high yield, resistance to Maize Dwarf Mosaic Virus (MDMV), winter hardiness, and dwarf stature. The
plants that vislded best and showed the least disease were in isolation plot 4 selected for winter hardiness and forage, with a mean
yield of 35 g m” and a disease rating of 0.045 on a scale from 0 to 7. The goal of our breeding program is to selact for desirable
traits while maintaining genetic varability in our breeding stocks.

Introduetion

The l.and Institute is conducting germ plasm studies 1o
develop perennial grains for polyculiures that mimic the
ecological structure and function of the praitie ecosystem
{Jackson 1985, Soule and Piper 1992). Plants for such
polycultures should be hardy and rslatively independent of the
exiensive inpuls that the annual grain crops of conventional
agriculture now require for their current high yields (Lovins et
al. 1986). Perennial grain polycultures would lessen or
eliminate soil erosion, reduce chemical contamination of soil
and water, and avoid heavy dependance on non-renewable
asnergy such as fossil fuels.

The projects | describe here invalved two candidates
being kred for perennial polyculiures. We are currently
selecting for such desirable traits as high seed yield,
harvestability, shatter resistance, disease resistance, winter
hardiness, and dwarf stature. This study focused on a subset
of earlier selections from wild stands or from collections of
previousiy developed lines {(Jannink and Romig 1980,
Hellwinckel 1992, Tressler 1993, Bergman 1993). The goal is
to have many sources of genstic variability to incorporate as
many desirable characteristics as possible into further
selections,

To evaluate whether perennials are suitable far grain
agriculture it is necessary to know how yield and disease level
vary with time. The comparisons between different accessions
and selections will lead to ancther selection of plants that
provide healthy, disease-resistant, harvestable, and high

vielding germ plasm that can be further developed to fit the
perennial grain farmer’s needs. One important question
concerns stability of vield versus response to annual weather
effects. For example, in the bundleflower study, the question
arose concerning what kind of yield paitern would be preferred:
a stable yield across the life span of the plant or a more
variable response that can produce a great crop in good years,
The major question in the gamagrass study is to compare seed
vield and disease rating among isolatton plots. For example, if
a plot was selected for high vield, is its vield significantly
different from a plot selected for disease resistance?

Materials and Methods

The bundleflower and gamagrass germ plasm plois wera
astablished as common gardens on a level Cozad silt loam
zoil. Gamagrass was burned in March 1994 for the first time.
Each spring the bundleflower was mowed. Plots were hand-
hoed twice in the spring after one mechanical cultivation to
reduce weed competition and volunteers. Seeds were hand-
harvested, then dried for a minimum of two to three weeks in a
greenhouse before weighing.

1{._lllinois bundleflower

i evaluated 32 accessions of Desmanthus ifinoensis that
were a subset of an original larger planting {Kulakow
unpublished). The picl was arranged as a randomized
complete block design with fwo replications per acoession.

lzalallon Selectlon Criteria

Plot

Tahle 1.
Selection criteria
#Hhd sources for
aastern gamagrass SRt

high yleiding Inglviduals

Source Mo. of
narmal
gendypes
per plat

1868 llinois bundteflower? 24

isolation plots
established in 1993

=astem gamagress biculllke

1859 plariing from collectad o

2 plants from the 10% highest vielding

familos gaad
3 resistance to MDY 1484 planing from collocted ko
saed and 1988 bicultire
4 vigorous growih, larpe size, dizense Kerr Center, Folery, 0 3
resistance, loss of seed dormancy, and
winter hardiness
5 visually ruted fur dwarl statura (3 1rait 1880 nursary colloction 5

that culld Imprave haresability and
sead yiglhd by devoting mare of the
plant's anargy ints scod production]
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Each accession was represented by 25 plants in-a6.m
row, with rows 0.91 m apart. The 32 accessions were selectad
for turther study afier iwo years of evaluation. Ten of the
accessions were chasen for their relatively stable yield, and 20
for relatively high vield. The remaining two accessions were
the Soil Conservation Service's *Sabing” and & blend of the ten
highest vielding selections from previous experiments at The
Land Institute.

In 1930 and 1991, we harvested 5 m strips within each
row. From 1992 to 1994, 3 m sirips were harvested. Flarvest
took place when bundles were a rich brown color and
beginning to shatter. Harvestin 1994 started on 26 July and
ended 28 August. Fach row was harvested once, Pods were
threshed by a food processor, cleaned by an office-sized
Clipper seed cleaner, then weighed. Five-yearyields were
compared amaong accessions by analysis of variance
(ANOVA),

Il. Eastern Gamagrass_lsolation Plots

Germ plasm nurseries that were established as early as
1988 provided selections for five isalation plots {Table 1}
Gamagrass plants were clonally propagated from several
source nurseries into isolated crossing blocks. Each isclation
plot consisted of plants with similar fraits for ¢ross-poliination
and recombination. Number of genotypes per piot ranged from
510 34. Each plot also included gynomonoecious forms of
gamagrass (a mutant sex form in which alt florets are female
and thus seed producing) to cross with the normal plants
expressing other desirable traits. The plots were spaced 100 m
fram each cthar to aveid pollen conlamination. Plets ranged in
size from 15 x 17 mio 17 x 17 m. A 1 m border of each plot
was not harvested. For this report | focus on seed yield and
Maize Dwarf Mosaic Virus (MDMY) rating of normal plants
within each plot.

In May, all plants were rated on a scale of 0 to 7 for
MDMY symptoms, A rating of 0 represented no symptoms of
the virus, 1 1o 3 were mildly infected, 4 to 5 represented
moderate infection, 6 1o 7 sevare infection {Davis1991).

Harvest began in eariy July, when mast of the terminal
tillers had started to lose their male flowers, and was
completed by 5 September. Each plot was harvested two or
three times to collect the |ater-emeraing lateral dllers. Seed
yield and disease rating were compared among plots by
ANOVA,

Fosulis and Hsoussion
[. lingis, bundleflower

Among accessions, lhe highest 5-year yield was 449 g m*
(Table 2). The migan 5-year vield for all 32 accessions was
326 g m? (range=1311o0 449 g'm?). The 5year mean for the
ten top-yielding accessions was 411 g m”. The highest
accession yield for in any year was 153 g my? for accession
318 from Ellsworth Co., KS in 1992, The general yield pattern
across years for all accessions was a “W” {Figure 1). The
general trend was a high yield the first year, then a drop the
second year 1o around 55 g m*, Yields in the third year
rebounded to around 75 g m?, fell again to 50 g m%, and finally
rebounded to 65 g mr? in the final year.

Twa notable exceptions to the general paitern were
accessions 1093 and 1111 (Figure 2). Accessien 1111 yields
increased from £3.8 g m? in 1990 to 145.6 g m™ in 1994.
Accession 1093, the second highest yielding accession,
showed yield stability across the years, in contrast fo the year
to year variaiion shown by the other accessions. Mean yield
for this accession ranged only from 80.8 1o 96.6 g m™®

I. Eastert gamagrass

Isolation plot 1, selected for high yield in biculture with
Minois bundleflower, and isolation plot 4. selected for forage,
yielded higher than plots 2, 3, and 5 (Table 3). !sofation plots 1
and 2, selected for high yield in biculture and monoculture,
respectively, had higher MDMY ratings than plots 3 and 4.
Overall, the gynomonoecious plants rated higher for disease
(range=1.235 to 1.57) than normal plants. The highest rating for
normal plants was only 0.74, in isolation plot 2.

The first year data on yield and disease may not at this
arly stage indicate general long-term trends. Gomparison of
yield and disease level will be necessary for several years.
[solation plot 4, with high yield and low disease, contains clonal
offspring with a history of overwintering in our nursefies. The
ariginal parents were selected for forage yield by James
Henson at the Kerr Center for Sustainable Agriculture. Isoiation
plot 1, with planis selected from an earlier hiculture .
experiment, will be comparsd with plants selected for high yield
in monoculture, as in isclation plot 2. All plots will be
compared with isolation plot 3, which contains plants selected
for disease resistance. It may he oo soon to canclude
whether sach isclation plot meets the criteria for which it was
originaily selected for.

The goal of polycress combination is to achieve a balance
between maintaining genetic diversity in our breeding material
while narrowing down the selections that show promise
{Bargman 1893). For the next round of selection, promising
genotypes within these isolation plots will need to be planted
out for further evaluation. This new seed source would start
another breeding sycle where selections would be made to
start other isolation plots.

Table 2. Accesslen onlgin
Ten highest Humbar {Caunty, State)
yielding llinois T T s T aamexs

buntiieflower - —- - I

accessions 1043 Hneein. OK

111 Haruey, kS

o ate Elsworth, X5
h “1 o3l o __K_-’B.-};. ;DK
T 204 T .-__F!ico, =]
o 2 o Saline, K3 o
o 275”-.__ i Logan, K5 o
s Ry, K3
"o Wallacs, KS

Tolal Syear yield  Highaat yield in any year
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Figurs 2_ Year-to-year yields
of the ten best-yielding lilincis
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Conslusion

_Saorne high lllinois bundleflower accessions produced high
seed yiglds thai did not decline inexorably but rebounded in
later years., I'urther breeding of high-yield bundleflowar
selections should produce populations that have consistent
yielding patierns across several years, In gamagrass, our
initial selections were verified for plants with suech agronomic
traits as high seed yield and disease resisiance. Gamagrass
performance in the isolation plots requires further ohservation,
but first year results point to selections that are promising for
our ongeing breeding program.
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Can & Pereninial Polyeuliure Manage its Own Diseass and Insect Pest Probilemsa?

Flebecca Geisen

Ahstravi

We examinad whether a polyculture can manage insect pests and plani dissases by monitoring densities of Anomoega
flavokansiensis, a beeile that feeds on lincis bundletiower, and levels of sugarcane mosaic virus maize dwarf virus B (MDMY} &

discase of eastetn gamagrass. Beetle populations were high this

year and we found a significantly higher density of beetles on

monoculiures versus polyculiures. MDMV was found at low levels in nearly all plots and thers were ne significant ireatment effects
in 1994 between monoculiures and polyculiures. The results suggest thai polycultures are suceessiul at managing pest problems
and that polyculture, coupied with genetic resisiance, can play a role in reducing disease.

introduciion

Ore of ihe goals of The Land Instituie is io develop a
sustainable agriculture, modeled on the prairie acosystem, that
features a mixture of herbaceous perennial grains. Matural
communities, like the prairie, have been tallored by climatic
and evolutionary forces to accommodate particular
environments and to endure. Most hatural ecosystems
characterisiically have low levels of soil loss, high species
diversity, dominant perennial species adapted to local soils and
climatic paiterns, and an exclusively solar source of energy.
Other characteristics inalude internal recycling of nutrients, nat
production equal to respiration so that total biomass
approximates a steady state, high efficiency of energy transfer
along food webs, and resistance to naiive herbivores and
diseases {Scule and Piper 1832). Gur perennial polyculture
research, which aims to mimic the prairie ecosystem while
progucing edible grain, asks, can a perennial mixture
successiully manage harmiul insects and plant pathogens with
little of no human interveniion?

Species diversity, asin a potyculture, often leads to iower
pest abundance relative o monoculiure (Risch et al. 1983).
Wiith specialist insects, those restricied to only one or a few
host plant species, polycultures tend o reduca the ability of a
pest to locate its host and can attract an increased number of
predalors as well as creale chemical interactions that can
mask odors and interfere with the life cycle of the pest.

Similarly, polyculture may also reduce the incidence of
insect borne disease infestations by praviding physical barriers
1o block the movement of disease carrying insecis, changing
the microclimate within the mixiure, and by providing genetic
diversity, which may include disease-resistant populations. [n
many studies, disease levals in mixture are less than in
monoculture (Burdon 1987).

This research project, which examines whether a
palyculture can manage its cwn pest and disease problems, is
in the fourth vear of a longer term study. We measured both
the density of an herbivorous insect, Anomoea Havokansiensis
{Chrysomelidas}, and the severity of a systemic viral disease
on two of our perennial grains, llinois bundleflower and
easiern gamagrass, respectively. We hoped to find that, in
fact, the occurrence of pests and disease is lower in
polyculiure than in monoculture.

Figure 1. Mean beetles per
lllinois bundleflower plant in
three cropping systems at two
sites in 1994, Asterishs
indicate dates when beeile
density was higher {p<0.05)
in manoculture than in
polyculture.

Key:

#-—maonoculture

B=biculture with gamagrass
A=triculture

Materials and Methiods
Desgription of species and siudy plots

The perennial polyculture study includes three perennial
species grown in monocuiilres and in mixiures, Eastern
gamagrass { fripsacum daclyloidas) is a |arge Warm-seasan
bunchgrass with a rangse from southeastern United States and
Great Plains southward to Belivia and Paraguay. Wildrye
(Leyrus racemosus) is a rhizomalous cool-seasan grass
native to southeastern Europe and western Asia. llinois
bundleflower {Desmanthus ifinoensis) is a nitregen-fixing
legume native io the Great Flains, ranging northward to
Minnesota, east 1o Florida and as far west as New Mexico.
Eastern gamagrass and lllinois bundleflower were studied here
to examine the ability of ditferent planting mixtures to manage
and discourage insect pest and disease infestations.

This study was established in March 1991 at two sites at

25 -

Site 1)

20 4

15

18 4

BEETLES PER PLANT

g Jul 19 Jul
DATE

249 Jun 29 Jul

18 Jun
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The Land Institute. Site 1 is located at thé Surishing Farm or a

level Cozad silt laam, previously in a wheat-fallow rofatiart Unill L

1890, when it was planted to alfalia. Site 2 is a sauth facing ™
eroded hiliside, Kipson-Cline Complex soil. It was planted {o
native grasseas in 1982, but had been continuaily cropped prior
to that time.

At each site there are six cropping system treatments,
each replicaied three times: monoculiures of eastern
gamagrass, wildrye, and illinois bundleflower; bicultures of
bundleflowerigamagrass and gamagrass/wildrye; and a
trieuture of the three species. Plots are 7.32 by 8.75 m, with
plants 0.75 m apart and rows 0.91 m apart. The cuter two
rows are left as borders to minimize edge sifects.

From late June io early Augusi, young leaves and flowers
of lllincis bundleflower are fed upon by Anomoeea
flavokansiensis, Although the beetle feeds on other species in
the Leguminosae (Moldenke 1970), locally we have found it
enly on lllincis bundleflower. Its development frorm egg to aduli
takes from one to tweo years (Erber 1990). After mating on
bundieflower the beetle lays its eggs within a fecal pellet, which
is then dropped to the ground and collected by ants. The ants

" garry the fecal pellets to their nest where the eggs hatch. The
larvae then remain underground until they develop and emerge
as adulis {Vern Stiefel, personat communication).

The disease affecting sastern gamagrass is Maize Dwarf
Maosaic Virus which is a systemic disease causad by a virus
transmitted by aphids feeding on the plants. The disease
overwinters in the rhizomes of a perennial host and emerges
with new growth in the spring (Seifars et al 1893). Little
attention has been given to the dynamics of viral diseases on
perennial hosts except as an innoculum for annual crops. With
time, however, effects of the disease may be more visible on
perennials since pathogen-related damage may aftect both
fecundity and longevity (Burdan 1987).

The aphid takes up the virus as it sucks sap from an
infected plant. The aphid then may infect other plants with the
virus for several minutes to hours {Davis 1991). The virus
subverts the host's metabelism te produce more virus particlas,
and reduces photosythetic area due to leaf yellowing thereby
reducing seed yield as well as overwintering ability (Agrios
1978).

Procedures

Beelfles were observed and counted on {llinois
bundleflower from 20 June, as beetles began to emerge, until
29 July as their numbers declined. Censuses were conducted
three times per weelk between 0700 and 0B30. Some vatiation
in the schedule occurred due to inclement weather. Beetle
mating and feeding behavior on Illinois bundleflower was
observed and noted.

MDMV was rafed visually on sastern gamagrass using a
0-7 scale, with a @ rating indicating no infection, 1-3 showing
mild symptoms, 4-5 showing moderate sympioms and 6-7
indicating the most severe infection. Plants were rated the first
week in May while plants were growing new leaves and the
mosaic pattern of the disease was maost discernible. Seoring
for symptoms of the disease included observing overall
infection of the plant as well as disease severity of individual
leaves. Aneastern gamagrass accession known to be
susceptible to MDMY was used explicitly to study polyculture
effects.

Resulis

Prior to 1994, insect densities were very low {<1 per plant) and
there were no treatment differences. In contrast, this year
insect numbers were much higher. At Site 1 peak insect
density per plant was 18 and at Site 2 peak density was 24
insects per plant. At both sites Nlincis bundleflower
monoculturss had significantly higher numbers of insects
relative to bicultures and tricultures (Figure 1). There was little

difference in insect densny hetween the hiculiures and

_trlculture-s This year's data suggest that a polyculiure can

manage: itg ‘gwn insect pesi problems.

Fastam gamagrass infected with MDMV occurred in
nearly all plois ai both sites. At Sile 2, a sunnier and drier
arwvirorment perhaps less favorable for the aphid, ihere were
no significant differences among treaiments ner was there a
charge in the incidence oi disease from previous years. Al
Site 1 initially disease severity was lower where lllinois
bundleflower was a component of the: plot. This effect
persisted into the second year. At the same time, disease
severity increased in ali reatments the first three years and
this year leveled off (Figure 2).

BITE 4

SITE 2

MDY RATING
p=1

199‘1

1902

1993
YEAR

Figure 2. Mean Maize Dwarf
Mosaic Virus rating on
gamagrass in four cropping
systems at two sites over four
years. YWithin each year,
symbols with the same letter
do not differ at p<0.05
(ANOVA, Student-Newman-
Keuls Test).

Key:

@=monoculiures,

R=biculture with wildrye

[ =hiculture with bundleflower
S=triculture
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Hacussion T
This was the first year in which there wére freatirieni:effects on

the linois bundlefiower beetle. Typical densities were maré. -

than ten timas higher than in previous years. This year's high
bestle populations may have been dug to the natural rhythm of
its life cycle, that of the anis, or bath. Our results support
pravious research showing that incidences of specialist insects
tend to be reduced by intercropping, which presumably makes
it mare difficult to find and to move among host plants (Andow
and Rosset 1930). Cur results are also encouraging becauss,
with time, one might expect to lose the benefits of a polyculture
that uses perennial plants, With annual crops, farmers use
annual crop Totations io suppress insects, weeds, and
diseases by effectively breaking the life cycles of the pests
{Altieri 1987). In perennial polycultures, thers is the risk that
sooner ot later the insect will colonize all plots and establish
resident populations. Thus, it is pleasantly surprising that this
benefit of polyculture appeared even four years after
eslablishment.

One might ask why differences in diseaae severity ameng
gamagrass treatmenits, especially in the lllinois bundieflower
biculture, disappeared with time. The virus can reside in its
perennial host for years and commonly overwinters in
rhizomes. Once the virus is introduced into a population, it
appears to spread (Siefers et al. 1993}, In an intercropping
arrangement, disease infestation may be delayed due fo
ohstructions or chemical distractions by non-host plants. In
similar research with soybean mosaic virus, disease reduction
in polyeulture was attributed to lower aphid landing rates, the
increased chance that aphids lost infectability after probing
non-host plants, or both {Bottenberg and Irwin 1992}

Qur results show that it may be only a matter of time
before the aphid transmits the virus throughout a plant
population. Itis encouraging, however, that after four years
mean disease rating still remains within the “mild” category af
Site 1 and near 0 at Site 2. These resulls suggest thatin
addition to a polyculiure arrangement, including plants with
genetic resistance 1o the disease is an important part of

dispase management.
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Seed Yields of Three Perennial Grains In Monoculiures and Mixtures

Fortia Blume

Abgivant

This was the fourth year of a long-term study to examine intra- and interspectfic interactions between three perennial grains.
Monocultures and mixtures of eastern gamagrass ( Tripsacum dactyloides), wildrye (Leymus racemosus), and lllinois bundlefiower
{Desmanthus finoensis) were planted in 1991 in both a favorable and less favorable growing environment. We focused on two
questions this year: 1) Does each species mainiain a consistent yield over time? 2} Do different mixtures continue to overyisld from
year to year? Wildrye and bundleflower yields are decreasing, whereas gamagrass yigld increased in triculture and biculture with
bundlefiower. Gamagrass does better in mixture than in monoculture, whereas wildrye yields better in monoculture than in mixture.
This year, bundleflower yielded better in monoculture than in mixture at the favorable site, but showed no treatment effects at the
less favorable site. Tricuttures and gamagrass-bundleflower bicultures overyielded at both sites this year. Gamagrass-wildrye
mixtures overyielded at the less favorabla site. The information we have gained over four years should help us design more stable
polycultures for the future,

Introduciion

The Land Institute’s sustainable agriculture research uses the
praitie as its model because prairies build up the soil, maintain
their own soll fertility, and manage pests and plant diseases
{Soule and Piper 1992). We are working to develop a
"domestic prairie” that displays these ecological attributes but
also yields edible seed, in addition to breeding selected
perennials for high seed yield, we also expariment with
gifferent mixtures of perennials to see if candidate species
yield better (overyield) when they are grown fogether.

iMany traditional cropping systems feature mixtures that
overyield (Vandermeer 1990). Qveryielding can ocour when
competition among different species in a polyculture is less
than competition between individuals of the same species in
monoculture. For example, different species flower and set
seed at different times, which minimizes the period when they
compete for nutrients. Mixtures sometimes overyield becalse
the component species benefit each other (Gliessman 19886).
Most traditional cropping systems feature annual grains. Our
challenge is 1o put together an overyielding mixture of
perennial grains.

The Land Institute has experimentad with various mixiures
ot perennials, of which some have overyieldsd (Braun 1985,
Muto 1890). Many of the dominant plants in tallgrass prairie
Are warm-season grasses, ¢ool-season grasses, and legumes
(Piper 1893a). An experiment was bagun in 1891 with mixilires
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and monocullures of eastern gamagrass {Tripsacum- -
daclyloides), a warm-season grass, wildrye (Leymus

racemosus), a cocl-season grass, and lllincis bundieflower

{ Desmanthus ilfinoensis), a nitrogen-fixing lagume. We want io
know in what ways interactions between different plant species
change with time, 5o our main questions this year were: How
does yield of each spacies change with time? Will some
tnixtures continus to overyield as time passes? In this paper |
describe the sat-up of the polycultures, report our results for
this year, and discuss the implicaiions of the results for future
polyculture designs.

Materials and Methods

Eastern gamagrass is a large bunch grass that is naiive to the
Great Plains. Hs range extends from lowa to Texas and south
to Bolivia and Paraguay (Great Plains Flora Association 19888).
Wildrye is a grass native to Curasia and may have been
harvested as a food crop, especially during droughts (Burritt
1986). Illinois bundieflower, ancther native of the Great Plains,
occurs as far north as Minnesota, east to Florida, and west to
Mew Mexico (Great Plaing Flora Association 1986).

Plots were established in March 1981 on two sites at The
L.and Instiute. Site 1 is a level Cozad silt loam that wasin a
wheat-fallow rotation untll 1990, when it was planted to alfalfa.
Site 2 is an eroded, south-facing slope on a Kipson-Clime
complex soil. After being cropped for many decades, in 1282 it
was seeded with native grasses. When the experiment began,
3ite 1 had higher tevels of soil organic matter and some
nutrients (NO,, total nitrogen, and potassium) than Site 2 (Piper
et al. 1991).

Plots were planted in a subsiitutive design in which overall
densily was constant at 1.46 plants m?. Eighteen plots were
planted at each site. Plots contain eight rows, oriented east to
west, Each plot is 7.32 x 9.75 m, with rows 0.91 m apart and
plants 0.75 m apart within rows. To sliminate edge effects, no
data were taken from the outer two rows.

Six cropping treatments are repeated three times sach at
each site, Treatments consist of menocultures of each species,
1:1 alternate plant bicultures of Hlinois bundleflower and
eastern gamagrass and of gamagrass and wildrye, and 1:1:1
randomized triculiures of all three species.

Rasults and Discussion
Cropping system effects on seed yield patterns

In 1894, gamagrass yisided significantly better in mixture
than inh monoculture (Figure 1). Seed yield per plant has
increased over the years for gamagrass in tricultures and in
bundletlower bicultures, whersas yield in monoculiture
decreased this year. Yield in biculture with witdrye (s
decreasing at Site 1 but rebounding at Site 2. This rasult,
tegether with resulis from another polyculture experiment
{Piper 1993k}, suggests that gamagrass, a relatively large
piant, grows better with other species than with other
gamagrass plants. Gamagrass also depistes soil nitrogen
more than wildrye or bundieflower (Piper 1893c), and
poelyculture plots that contain gamagrass tend to have lower
NO, levels than wildrye or bundlefiower menoculiures. Yields
may therefore be higher in triculture and biculture with
bundleflower because of bundleflowar’s nitrogen-fixing abifity.

In cantrast to gamagrass, wildrye yislds better in
monoculture than in mixture (Figure 2). Since 1993, howaver,
=75% of wildrye planis have died, with most mortality ocourring
at Site 2. As a result, wildrye plot yield dropped from 1293 to
1894 in all treatments at both sites. Wildrye vielded <1 ¢ per
plant in all treatments at Site 2, and in biculture and triculture at
Site 1, Data from previous work suggest that wildrye yield is
highest in the first or second reproductive year (Piper and
Towne 1988, Barker and Piper 1994), which could help explain
this year's decrease. Weather may also have affected yisld.
Whereas 1992 and 1992 were wetter than normal, 1294 was a
dry year, especially during the late spring when wildrye flowers
and sats seed, Finally, over time wildrye seems to suifer in

competition with gamagrass. As garnagrass grows farger, i
ray shade out wildrye and may alsc compete better for soit
resotirées: [n general, wildrye has not persisted well in this
polydulture experiment, indicating that central Kansas is too
hat and dry for this Furasian cool-season grass.

It 194 and 1992, bundisflower yielded better in mixtuis
than in monoculture. Since 1992, bundleilower yield has been
decreasing in mixtures. In 1994, bundlefiowsr parformed better
in monoculiure than in the mixtures at Site 1 {Figure 3). At Site
3, the yield pattern was similar, bui with ne significant
treatment differences. Bundleflower yield has decreased in all
treatments at both sites from 1993 to 1994, The primary
reason for lower yield is rodent grazing of bundleflower
taproois at Site 1 during the 1283-1924 winter, which kilked
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seed yield in four cropping
gsystems at two sites aver four
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many of the plants. A second reason &ould be'that. -
bundleflower yields tend to rise and fall'irom yeario year: "
{Rabinovich 1295). This could have been a low year for
bundieflower yield in this experiment. | counted dead plants as
zeroes in my averagas. If | had included yields of living plarts
only, bundleflower plants in monoculiure would have averaged
104 g m* at Site 1, resulling in a four-year yield pattern more
similar 10 Rabinovich's results. A third reason for lower 1594
yield could be that bundleflower tends to deplete soil water
maore than gamagrass or wildrye {Piper 1993c). |n this dry year,
low seil water may have limited bundleflower growth. Finally,
leaf heatles (Anomoea laticlavia) were present at high densities
on bundleflower plants (Geisen 1985) and may have eaien
enough flowers and young seed pods to reduce yield
significantly.

80 e e i =4 3 o i A e——— .
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Figure 2. Mean wildrye sead
yield in three cropping
systems at two sites over four
years, Within each year,
symbols with the same letter
do not differ at p<0.05.

Key:

@=monoculture

lA=biculture with gamagrass
A=tricuHure

Overyielding
Tricultures and gamagrass-bundleflower biculiures at Site

1 overyielded in 1994 (Table 1). At Site 2, alt three cropping
mixtures overylelded. On the surface, these nurmbers are
encouraging, buit a clgssd ook shows that gamagrass was
respansible Tor almost all of the dvetyielding. Yield from the
other specias never accounted for more than 0.25 of the total
LER averages. In one case, the gamagrassiwildive biculture at
Site 2, all the wildrye was vegetative; the gamagrass
accounted for 100% of overyielding. Gamagrass ploi yield was
freguently higher in biculture and triculture than in monoculture,
despite the fact that manoculture plots contain two to three
times as many plants as the other treatments. This suggests
that gamagrass individuals are too dense in tha monocultures,
which suppressed yield. LER calculations assume that the
monoculture yield is optimum. Our LERs may therefore be too
optimistic, because it appears that gamagrass yields betier at
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Figure 3. Mean bundleflower
seed yield in three cropping
systems at two sites over four
years. Within each year,
symbols with the same latter
do not differ at p<0.05.
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lower densities, as when neighboring plants die, ot when itcan .
' ""j'-?-BaH(er AAL and J. K. Piper. 1993. Growth and seed yield of

spread out because its neighbors are smaller species.

ldeally, each culiivar in a perennial polyculiure should
contribute substantially 1o overall vield. We have not yet
achieved this ideal. tnstead, our mixtures may be shifting
toward a gamagrass monoculture. One reason for this may be
that wildrye tends to yield better in its first and second
reproductive years (Piper and Towne 1288), and bundleflower
yields tand 1o rise and fall in a “W” shape over five years
{Rabinovich 1995), but gamagrass yields typically increase
during the first few reproductive years. Therefore, gamagrass
has become the dominant species in the polycultures over
time. Another explanation could lie in worlk indicating that the
higher initial species diversity is, the more likely it is that a
stable community will result {l.ockwood and Pimm 1994}, Qur
polyeultures contain a maximum of only three species (not
including weeds). A perennial polyculture may need to contain
mary more specigs initially in order to persist as a diverse
community for several years.

Conclusions and Becommendations

After four years, some patterns are emerging in these plots.
Wildrye yield is decreasing. Bundlefiower yield is currantly
decreasing, but may rebound. Gamagrass yield is increasing in
mixture with bundleflower. Gamagrass seams to bensfit when
intercropped with bundleilower, and wildrye does poorly when
grown with gamagrass.

At this point, | can offer some recommendations about the
design of future perennial polycultures. Cool-season grasses
are uncommon in our prairie, and therefore may never be
important components in future polycuitures for central
Kansas. Thay may find a niche as nurse crops for warm-
season grasses, however, Because of the strong performance
of gamagrass, and because warm-season grasses constitute
most of the biomass of tha local prairie (Piper 1933a), more
warm-seasan grass species should be included in new
polyculiure experimants. YWe may also want to add more
legumes to our polycultures to see if legumes and warm-
season grasses will consistenily yield well together. Different
species produce their highast yields in different years, so we
may wanti to space our plantings out over time sa that ohe or
two species in a polyculture will bs yielding well avery year.
Finally, more persistent perennial polycultures will probably
contain maore species, including sunilower relatives, than our
current experiment. We have much to leam, but we are
beginning to have an idea of what a persistent, high-seed-
yielding perannial polyculture will be tike.
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Table i 1992
Land Equivalent

Hatios (LERs) for reatment A Site 2
thrae cropping resmen =1 e
mixtures. Taumagrasswildrye Diculture 106 .03
Mote: An LERA=1 indicates -Gat:l;ﬂ_g;;e-{ss."bundleflcwer biculture “i.[}lﬁ Y
ovetyielding. Mo gamagrass was S, .
hiarvestad at Site 2 in 1593, Tnculturs1 078 0

York.
Limited numbers of previons
Land institute Research
Reports, Volumes I - 10, 1984 -
1993, are available upon
1993 TSE 4 rcque.'.;t. _Research RKeporis
eoafain betern research papers,
o . alfowinp {nterested readers to
Sito 1 Slte 1 Site 2 Jollow onr experimenis year by
o owm 1 year as deie are collected.
o i From these angoing studies,
113 102 180 otti research staff has been able
i - o put fogether and publish our
126 1.08 122
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