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and quality that an agricultural ecosystem should have. There are special
places of native vegetation that I visit to gather wild foods that illu-

strate this diversity and quality, These areas are beautiful because of

their natural relationship of plants to the enviromment.

One of these places is a swampy area that has cattails and arrowleaf
plants as a result of the wet, lush enviromment. There are wild climbing
legumes and touch-me-nots on the edge of this swamp, along with nettles
which T harvest for greens in the spring. This place is known as the
'watercress patch' which people visit to gather the tasty, spicy, salad
greens growing in the spring-fed water. The watercress patch is most
appreciated in the late fall or early spring when there are virtually no
other green plants to be found or seen. This area supports a larger sphere
of life. It is a place to watch muskrats swimming and feeding on a sunny
day in the late winter after the snow and ice have melted enough for their
activity to begin. Waterfowl stop here to feed on duckweeds, and birds
and other life make their homes and feed in and around the willow, sycamore,
and cottonwood trees that surround the marsh. On drier ground, mulberries,
walnuts, and other native trees add further diversity and food to this area.

It is my hope that an ecologically balanced food-producing crop system
can be developed that has the quality, diversity, and beauty of this water-
cress patch or some other area of natural vegetation., The problems assoc-
iated with developing an agricultural ecosystem that models nature are great
and it is beyond the scope of this study to completely investigate all
aspects of this food-producing system. Perhaps the ultimate value of this
study will be to promote ecological food production and encourage concerned
agricultural scientists and people with an alternative vision of the future
to further investigate sustainable agricultural practices.

I have appreciated the Department of Energy Appropriate Technology
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grant which has allowed me to research'and develop the concept of an agri-
cultural ecosytem. This paper is a result of that research and ideas within
do not necessarily reflect those of the Department of Energy.

This paper contains five chapters. The first is a philosophical
discussion of preserving land and health, The second, third, and fourth
chapters discuss research that has been done which supports the agricultural
ecosystem concept. The fifth chapter is the practical application of this
concept and gives a hypothetical model agricultural ecosystem for northeast
Kansas. This model is site specific and would be different if made for
another location. However, the ecological principles which appear in this
paper can be used wherever an agricultural ecosystem 1s being established.

The agricultural ecosystem concept involves a process of biological
intensification of our agriculture. Biological processes will be used to
replace chemical and mechanical ones--legumes can replace chemical ferti-
lizer, beneficial insects and diversified plantings can replace pesticides,
and perennial plants can replace herbicides and tillage. These practices
can help create an agrigylture that is permanent and sustainable, a renew—
able resource that protects soil, air, and life.

It is necessary that people are involved in growing our food. Momno-
culture and monotonous surroundings and work can be replaced by polyculture
and diversified work in aesthetically-pleasing surroundings. We can
produce food in a diverse and beautiful environment, an ecosystem which
nourishes and sustains us. The work that it takes to develop and maintain
an agricultural ecosystem can transcend the task and become part of the
larger work of perfecting the human spirit.
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are polyculture (a diversity of plant species) and perennialism. In order
to have a more ecologically-sound agriculture, these two features will need
to be incorporated into our cropping schemes. This could occur by using
cover crops (possibly leguminous) along with our main crops to give us
polycultures. Perennialism could be a part of our cropping scheme by using
perennial cover crops, bushes and trees, or by developing perennial grain
crops. If some or all of these techniques were adopted, our fields would
resemble the natural plant communities in structure and would be closer to
becoming sustainable agricultural ecosystems.

The Preservation of Agricultural Laads

The prairie, which could be a model for agriculture, is the only major
biogeographical area that has not been preserved in a National Park. We
have preserved many special areas of our country by making them into Nation-
al Parks. These areas have dramatic or breath-taking scenery--either
mountains, seashores, rock formation, or canyons. But there is no Natiomnal
Park that preserves the prairie which once covered so.much of our nation's
land.

Our National Parks are lands that are mostly unsuitable for agriculture.
They are either too mountainous, rocky, or wet to grow crops. One of the
reasons that there has been no Prairie National Park is that the prairie
could be used for agriculture. Most of it was suitable for growing crops
and was plowed, the rest was fenced and made into pasture.

We' have a history of only preserving lands that can not be used for
agriculture. Tt is not surprising that the soils of our agricultural lands
are not preserved and protected either, They can be used and soil erosion
is a lamented, but accepted, result of current farming practices. There
has been a lot of talk about methods of soil conservation and some methods,

such as terracing, have been helpful in slowing soil erosion. However,



these methods are not engugh. Soil erosion is continuing at an excessive
rate. There are farming practices that can reduce and eliminate the soil
erosion problem. These are discussed further in the chapter ''Perennials
for Permanence'.

The preservation of the prairie and the preservation of agricultural
lands are part of the same process because they are the protection of lands
that we can use. A Prairie National Park would be preservation of land in
its pristine state. The preservation of agricultural lands is the protection
of the land and soil so that it is a sustainable, food-producing resource.
Both are the protection of land for the future. A good portion of our
agricultural lands have fertile soils because their natural vegetation was
prairie. These fertile soils are a birthright that needs to be protected
for our children and for our continued health.

There are many ways in which land can be preserved. Legislation and
economic incentives are helpful, bgt the basis for preservation of the
land is ultimately dependent upon our individual actions. We must all act
as preservationists, protecting for the future the land that supports us
and that is accessible to us. It is an action in which we are all parti-
cipants. We must remember that ". . . the care of the earth is our most
ancient and most worthy and, after all, our most pleasing responsibility.
To cherish what remains of it, and to foster its renewal, is our only
legitimate hopeﬂz We need to grow food in ways that express our care
and responsibility for the earth. The agricultural ecosystem concept can
provide a framework and methodology for growing food in a responsible manner,
which can lead us to a sustainable agriculture.

The Farmer: Removed

Modern agriculture is praised for its productiveness and for freeing

farmers from drudgery. However, farmers have been removed from the



food-growing process by using technologies that physically separate them
from their crops.

Technological changes are not inherently evil. They need to be looked
at carefully and accepted only if they are found to be beneficial to a wide-
ranging set of criteria that considers the future health of the environ=-
ment and all living beings. The recent changes in agricultural technology
have created problems, such as contamination and poisoning by chemicals,
soil erosion, dependence upon complicated and energy-intensive machines,
and others. Experts tell us that these problems are side effects, supposed-
ly incidental and indirectly linked to the new technology. But they are
actually direct effects, and the technology that causes these problems must
be held fully accountable for them.

The replacement of horses. by tractors is an example of a technological
change that removed farmers. When the tractor replaced the horse as the
motive power on the farm, several things changed. The source of fuel to
pull the machinery to till the soil no longer came from the soil, but came
from off the farm, from oil. The introduction of the tractor helped speed
the trend toward larger and larger farms. This resulted in the need for
fewer farmers and so farmers were removed, eliminated through competition.
Also, the farmer was elevated by the tractor. In order that the farmer could
see over his machine, the seat was raised. As tractors became more power-
ful, the seat was raised higher and so farming actually became 'man over
nature’.

With yet larger and more powerful tractors, the cab, an enclosed en-
vironment for the farmer, has almost become a necessity because of excessive
noise, dirt, and heat. The farmer now operates from a different environ-
ment, removed from the agricultural enviromment. From an elevated, lofty
throne, the farmer can see to the end of his machine and beyond to the next

acres to be worked. For the power and speed, the farmer has given up his



or her sense of smell, touch, taste, and hearing. These senses are now
focused on the machine—removed from the land and life. Only the sense
of sight remains, and what is seen, is seen from a greater distance.

With this example, I am not advocating that we ‘go back' to horses,
but am showing that the subtle effects of new technologies are not fully
considered. . Our future-agricultﬁre will surely have a greater diversity
of technologies--more appropriate technologies, and the use of draft
animals may be one part of those technologies.

The Incompatibility of People and Land

On a recent trip to California, I saw a further example of how people
and farmers are removed from the food-growing process. I was staying in
Hanford, California, in the famed San Joaquin Valley. One day I borrowed
a bicycle to go out and look at the crops. The San Joaquin Valley is one
of the most diversified agricultural regioms in the United Sta.teaf But
what I‘saw from my bicycle, was large fields of crops grown in monoculture—
cotton, alfalfa, corn, walnuts, plums, and others, in fields too large to
make the vegetation diverse. There were few farms and virtually no people
out in the fields. On this warm, sunny, summer day, the fields looked
almost sterile--one crop only--no people, no animals, and virtually no
weeds, all were removed.

Some of the fields are not even safe for people to enter. Omne field
of plums, that were almost ripe was posted with signs saying: "Warning,
Keep Out! This field has been sprayed with Guthion. No tresspassing!"
This was accompanied with a skull and crossbones figure and repeated again
in Spanish. If this spray is that dangerous, is it safe to ride or drive
by? BHow long must the farmer stay out of his field? Are the plums really

safe to eat? These questions have answers, but who knows the real answers.

The use of this chemical removes not only its intended target (pests),



but it also removes the farmer and any other people from the field. There
‘are certain times when (and places where) people and the land are considered
to be incompatible. The value of what the land produces is considered greater
than the relationship of people to the land. The farmer has been removed
from the land because of the acceptance of this incompatibility.

Planting Seeds for the Future

There are people who highly value their relationship to the land.

They express this in the way that they grow food. I have a friend who
farmed until he was 65 years old and has been a market gardener at the
edge of town ever since. He is now 89 and it is becoming more difficult
for him to move around. I never see him walking without at least one .
hickory cane, but he still is able to grow large quantities of vegetables
and fruits.

Recently, I went over to see him and to buy some fruit. He was cutting
up some cull peaches for his supper and showed me some of his white seedling
peaches. Although they were only about half the size of other peaches that
he grew, they were very juicy and had fine flavor. He had planted the seeds
that grew these trees. He cut the peaches into a can with a simplicity
of movement that was unaffected by his crooked? arthritic fingers. He
dropped the ﬁits of these peaches into a can by his feet because he was
going to plant them in the fall. A peach tree had died and it was time to
plant another in its place.

His action--the planting of peach pits without really knowing that he
will live to see them blossom and make fruit--is an example of the care
and physical action that will take us toward a healthful future. It is
an example of a relationship to the land that is not removed, but is an

integral part in the productivity of the land,



The Care of the Earth

The old value of productivity must be clarified. True productivity
must be understood as a multiplicity of values--more than just yield or
profit. Productivity should include concepts found in ecology that protect
and preserve nature. Nature is easily disturbed and thrown out of balance,
yet it also has a remarkable capacity to heal itself, if given enough time.
Our sustenance comes from the earth and for it to continue to sustain us,
we must learn to use it and care for it at the same time. We must have
values for land management which promote its sustainability. E. F. Schu-
macher, a British economist, said that: 'management of the land must be
primarily oriented towards three goals—-health, beauty, and permanence."3
With these goals, productivity will then follow.

A direction of purpose toward these goals that spiritually connect
us to the earth is needed for the continued protection of our environment.
There is a sacredness that we can glimpse when we relate to the earth in a
spiritual manner. What we experience with oug senses in the spiritual realm
can not be adequately expressed in words. It is beyond language and scien-
tific proof. Actions can not be defined as spiritual or unspiritual as it

.1s difficult to discern whether ones actions have a spiritual basis. However,
our actions can express our commitment to preserving and protecting the
earth. There is much work to do and responsible action will express our
spiritual commitment to a sustainable and healthful future.

Holistic Health

When we talk about agriculture, about food, about the preservation of
land, we are fundamentally talking about health. That should be our goal,
"not in the merely hygienic sense of personal health, but the health, the

wholeness, finally the holiness, of Creation, of which our personal health is

only a 'share."4



We can obtain this goal of holistic health through the adoption of

the agricultural ecosystem concept. It can make our agriculture healthful

and sustainable. We must preserve the land and plant seeds for the future.

Health is the preservation of us all. By planting peach pits when we are

89 years old, or by planting a garden or crops when we do not know when
it will rain, we will be doing the work that needs to be done to perpet-

uate our life on earth and to keep the larger circle of life and health

unbroken.
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of nitrogen status of the soil-plant system when one of the crops is

a legume, and greater stagility of yields over time, the benefits

of polyculture are clear.
Some studies have shown that polycultures offer other advantages too:
higher crop yields,& more efficient water use,5 reduced soil erosion,
decrease in pest loss:,-'r less competition from weeds,g better use of light,g

an increase in beneficial soil bacteria,l0 and a larger supply of local,

fresh food.ll

The greatest advantage of polycultures may be that more than one para-
meter can be maximized: for instance, the yield of one component crop and
the protein content of another compoment crop. Probably mo polyculture
cropping scheme could have all of the above advantages. But many of the
above advantages could be gained through proper selection of crops, careful
arrangement in the field, and proper timing. Further research and experi-
mentation are needed,

Crop Competition

In a polyculture there is more than one species of plant growing in
the field at one time. It must be determined how much the different crop
components interfere or compete with each other. Crops that can biologically
complement each other or can self-compensate, that is, respond positively
to the presence of another crop, are the ones to be selected for polyculture
cropping schemes. For instance, a corn/bean crop mixture is better suited
for a polyculture than other crop mixtures because of their complementary
habits.

Polycultures are most advantageous when inter-specific (between crop)
competition is less than intra-specifiec (within crop) competition. As an
example, if the competition between a corn and a bean plant, at a given
population, is less than the competition between a corn and a corn plant,

then there will probably be advantage to growing them together. In most
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cases, the reduced competition allows for a higher overall plant population,
thus allowing for higher yields.

Yields and Land Equivalent Ratios

The highest yield of a crop per acre will usually occur when that crop
is grown by itself, in monoculture. The highest total yield of two or more
crops per acre will usually occur when they are grown together, in poly-
culture. In a polyculture containing two crops, their individual crop yields
are often less than the monoculture yield for the same area. To compare
yields of a polyculture to a monéculture, a land equivalent ratio is used.
This is calculated:

Yield of crop A in polyculture , Yield of c¢rop B in polvculture
Yield of crop A in monoculture . Yield of crop B in monoculture

An interpretation of the land equivalent ratio is the number of acres of
monocrops needed to produce a yield equal to one acre of the crops grown
in polyculture (see figure 2).

The Mechanical Dilemma

Polycultures can have higher yields, but the crop mixture may be dif-
ficult to harvest. The mechanical dilemma that a polyculture causes can be
illustrated by an.experience that occurred when my father planted pumpkins
in one of our milo (grain sorghum) fields.

There were some places where the milo stand was uneven, so my father
planted pumpkin seeds in between the milo plants, At milo harvest time,
our neighbor was cutting our milo for us with his fourteen foot wide com-
bine, when all of the sudden he stopped and yelled to us over at the truck:
"Hey, there's pumpkins out here!'" We hurriedly drove the pickup out to the
middle of the field and picked up the pumpkins, most of which were still
green., It amused me later to think of how those pumpkins stopped that

acre-eating machine right in its tracks.
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go to seed on it will have sweet clover come up every year. This is the
case on my father's farm in south-central Nebraska.

Three years ago, we had a field of wheat on clayish soil that received
the standard fertilization of nitrogen and phosphorus for our area. As
the wheat was just starting its most vigorous growth, the sweet clover seed
germinated and started to come up. By wheat harvest time, the clover was
two-thirds as high as the wheat. Apparently, the clover interferred little
with the wheat as it yielded 40 bushels per acre, a larger than normal yield.
After harvest, the clover kept on growing, along with a few weeds, until
frost.

Sweet clover is a biennial and makes rather rapid growth its second
year before blooming. The rate of nitrogen-fixation is highest during the
blooming period and this is considered the ideal time to incorporate sweet
clover into the soil. The clover made a good start its second year in the
spring, and when I disked the wheat stubble and clover mixture in April,
getting the ground ready to plant milo, the clover was over a foot tall and a}f
ready getting stemmy and tough. The disk rode over most of the clover,
without cutting it up, and by the time that it was all finally incorporated
into the soil, it was already May and the clover had started to bloom., We
planted the milo in the wheat stubble and clover mulch in early June, using
a lister, and as it grew, it looked good enough that we did not side dress
it with nitrogen fertilizer as usual. Just before the milo headed out,
it was a little yellow, showing a nitrogen deficiency. This probably was
due to nitrogen being tied up in the decay process of the organic matter
in the soil. But this was apparently only a short-lived phenomenaon, as the
milo went on to yield 88 bushels per acre, a larger than average yield.

The clover growing in the wheat is an example of a polyculture forming

a biologically=-intensive cropping system, that begins to replace the energy-
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intensive one, in this case, the use of chemical fertilizer. It is also
an example of a polyculture made up of a food-producing component and a
sgil-enriching component.

The sustainability of a wheat/clover polyculture followed by milo
cropping system is unknown. This was only an observation, not an actual
experiment. It does show that there are a lot of unanswered questions
and that a more biologically-intensive cropping system is adaptable to a
highly mechanized farming operation. As the price of fertilizer increases,
reflecting the price increase of the energy needed to manufacture it, prac-
tices such as this one may become more common. Clover/wheat and other
polycultures that include a legume can reduce the need of the chemical
component of our agriculture--nitrogen fertilizer.

Pest Control

Polycultures also have the potential of reducing and possibly elimi-
nating the use of pesticides. There are many examples of decreased insect
damage through the use of polycultures. In an experiment in the Phillipines,
intercropping peanuts and corn greatly reduced corn borer infestation.

This reduction was attributed to the increased effectiveness of the pred-
ators in the corn/peanut intercrop.lg In another experiment with corn,
scientists at the Centro Internacional de Agricultural Tropical in Columbia
found that the incidence of fall armyworm damage was reduced 887 when beans
were planted 20 to 40 days before corn in a corn/bean polyculture.zo

Polycultures can reduce pest losses because they increase the diversity
of crop species. It has been shown that species diversity is an important
factor in preventing population outbreaks in insects.21 The use of poly-
cultures to reduce pest losses is another example of using bioclogically-

intensive cropping systems to substitute for chemical control. The chapter

titled "Biological Pest Management' is a further discussion of the use of
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polyculture to form diverse habitat for pest management.

Biologically—intensive Cropping Systems

Masanobu Fukuoka has deve10ped‘; biologically-intensive cropping system
in Japan that has proven itself over time. He does not till the soil and
needs only minimal mechanization. His yearly cropping sequence follows.

In the fall, white clover and winter grain (either rye or barley) are
broadcast into standing rice. The rice is harvested, threshed, and the
straw is put back onto the field on top of the young seedlings. Rice seed
is directly seeded into the field so that transplanting is unnecessary. It
is broadcast into the winter grain in either late fall or early spring. In
late spring, the winter grain is harvested, the straw is returned to the
field, and a little manure is added. The field is flooded to germinate the
rice and stunt the growth of clover, and the cyclical process is started
over again.

It has taken Masanobu Fukuoka thirty years to develop this biologically-
intensive cropping system. Yields are impressive—--22 bushels per quarter
acre for both rice and the winter grain crops. At times, rice yiel&s reach
29 bushels per quarter acre, possibly the highest in Japan. This system
produces enough food to support five to ten people, each investing an aver-
age of less than one hour of labor a day.22

Masanobu Fukuoka is using rice as his main crop and is working under
different climatic conditions, which may offer him some particular advantages.
Nevertheless, his system could possibly serve as a model for the development
of biologically-intensive cropping systems for our own climatiec conditions.
Perhaps the most important aspect of his work is the demonstration that
tillage, pesticides, chemical fertililizers, and large machines are not

necessary to produce our food. Nor do the alternatives to our present prac-

tices necessitate slave labor or starvatiom.






22

ITY

= BIOLOGICAL PEST MANAGEMENT

Current pest control strategy is philosophically based on the elimi-
nation of pests through the use of chemicals. It is a strategy of eradication
and should be replaced by-a strategy based on ecological principles that
recognize the diversity, complexity, and interconnectedness of life. A
suppression of undesirable insects can be achieved without damaging the
rest of the ecosystem.

Chemical control of insects through the use of pesticides puts us on
what has been called a "pesticide treadmill". This treadmill effect occurs
because: pesticides often cause a later resurgence of pest numbers through
the inadvertant destruction of their natural enemies, pests develop resis-
tance and new pesticides are needed for their control, and because outbreaks
of secondary insects sometimes occur requiring pesticides for them too.

In other words, once pesticides are used, more pesticides are needed., A
treadmill effect has been created.

Pesticides make us vulnerable in a fundamentally important way--they
threaten our health. We do not really know the long term health effects of
pesticides, but we do know that we have ingested them in the foods we eat
and the air we breath. They also threaten the health of other living things
and the environment. In the name of health for all living creatures, we

need to practice more ecological means of pest management.
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Pestiecide Use--the Historical Trend

The use of chemical pesticides has increased tremendously since World
War II, but the recommendation for their use is much older. In 1897, Kansas
had 11,187,332 apple trees covering 2,035,000 acres (compared to only 1,800

2

acres of commercially grown apples in 1977). The recommendations of the

Kansas State Horticultural Society of 1898 show that they felt that chem-
ical control was the answer to pest problems.
We find we have plenty of insects; this is natural. Insects
settle in a country that provides proper food for them and their larva.

As apple trees are planted in new localities the insects that delight
in apple-tree wood, apple-tree foliage and apple-fruits immigrate,

grow, and multiply.
Spraying or using some preventive or destroyer has become neces-

sary, and the man who believes it unnecessary and intends to trust

to nature or providence or God will find no truer saying than "God

helps those who help themselves." Sit down calmly and watch the

worms eat your trees, trust to the woodpecker and the sparrow, and

you will in time bug apples from your more active, thoroughgoing neigh-

bor, or go without. '

Nature could not he trusted. London Purple and Paris Green, whose
active ingredient is arsenic, were most commonly advised for insect pest
control of apples. They sucessfully controlled insects, but were the first
step on the pesticide treadmill. DDT and other new, more dangerous, pest-
icides became readily available and were promoted after World War II.

They were easy to use and profitable in our economic system which does not
calculate the complete cost of these chemicals. It was inevitable that
the seemingly addictive chemical agricultural practices became commonplace.

We are a part of nature. We can not escape it, nor should we desire
to. Those agricultural practices that are denying that we live in a nat-
ural world are the ones that waste our soils and threaten our health.

Pest populations can be managed by using natural methods. Population ex-

plosions of insect pests can be prevented through the process of biological

intensification of our agriculture. This can be accomplished by using diverse
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cropping schemes (polycultures) that support beneficial insects. They are
more stable than conventional cropping schemes because they will not be
devastated by a single insect pest. Biological pest management can replace

chemical pest control and help us develop a more sustainable agriculture.

Diversityv and Stability

Conventional agricultural cropping systems lack diversity and stability.
Agricultural communities are disrupted and destroyed much more frequently
than natural areas because of cropping patterns and tillage. Areas of
natural vegetation as contrasted to areas that have been simplified by agri-
culture or forestry, rarely have pest outbreaks. In subarctic regioms,
where the natural vegetation is relatively low and sparse, pest outbreaks
occur. However, tropical forests, which are extremely diverse, are rela-
tively free from pest outbreaks.é This is probably caused by greater plant
diversity in these areas.

Not only are agricultural communities more simple than areas of natural
vegetation, but the areas that immediately surround them are also simpli-
fied. It has become less common to allow hedges or weeds to surround fields
and they are often sprayed or mowed if they do exist. Some of the 'weedy'
specieé that occupy these areas can provide habitat and alternate food
sources for predatory and parasitic insects and for birds.

Increasing the diversity of agricultural communities will not neces-
sarily inecrease their stability. An added species may be a competitive or
a destructive species causing more harm than good. For example, introducing
a competitive weed such as johnson grass or an insect such as corn earworm,
which would increase the diversity of a corm field, would not increase its
stability and would reduce yields.

To increase the stabiliﬁy of a community, the relationships between

species need to be strengthened and diversified. For biological pest
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management to be successful, more than just an increase in the diversity

of insects is needed. Effective trophic (nutritional) links between pest
species and the introduced and existing predatory and parasitic species

are the key to increased stability for pest management in agricultural com-
munities. The system of checks and balances, where various predators and
parasites are available to respond to a pest outbreak when needed, allow
biological pest management methods to be successful,

All of our agricultural plants have wild ancestors who evolved in diverse
habitats. We have selected our crop plants for their high yields and more
recently for their high yields when grown in momoculture, a simple habitat.
It has been suggested, in respect to pest management that: 'natural systems
‘are more stable than crop systems because their interacting species have
had a longer shared evolutionary history."s While this may be true, a
factor of greater importance seems to be that biological diversity is lacking
in our agricultural communities and many species that could be présent and
provide their pest management function just are not present.

Also natural systems are more diverse because they have gone through
successional stages and are mature communities. It seems that we should
copy natural successions, by developing agricultural successions where one
crop follows another, creating a more stable state.

Diversity is an inherent strength of polycultures. Current agricultural
cropping schemes lack diversity, but diversity should not be increased for
its own sake. Diversity that is carefully chosen and increases the stabil-
ity of our agricultural communities will lead us to successful biological
insect pest management.

There are many changes that we can make in our agricultural practices
in order to stabilize insect populations. These include: reducing field

size, retaining uncultivated refuges in the field, and eliminating
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ragweeds could be left in a corn field to reduce corm borer populations.
Their numbers could be small enough to insignificantly reduce corn yields
while still giving some protection from these pests., The value of a few,
gpecifically selected weeds in a field is greater than the value of a
weed-free field. Pest losses could be reduced without causing large yield
reductions by incorporating the benefits of weeds wherever possible.

Biological Intensive Cropping Schemes

Monoculture leads to increased insect pest populations., When a single
crop is the food source for an insect pest and it is abundantly provided
over a large area, then a population explosion can take place in response
to the ideal conditiomns.

Predators and parasites are often general feeders and it is difficult
for them to respond to a pest outbreak if there are not other local food
sources. There is usually a time lag between an increase in pest numbers
and an increase in predator and parasite numbers and this time lag is length-
ened if there are no other local food sources. Also, because monocultures
are lacking in suitable habitat and food for predators and parasites, their
populations are usually lower than in diverse habitats. To bring pest pop-
ulations to more reasonable numbers, to create more stability in agricultural
ingsect communities, and to reduce and possibly eliminate the use of chemical
pesticides, the use of biological-intensive cropping systems or polycultures
are needed.

Polycultures reduce insect pest population growth through physical
interference and biological interference. Physical interference of the growth
of pest populations is caused by changes in color, texture, and shape of the
crop mixture and by changes in micro-climate, such as a taller crop shading
a shorter crop. As an example of texture causing physical interference

of insect populations in polycultures, it has been observed in Malawi that
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interferred with, making the crop more difficult to locate. _

There is also biological interference in a brussels sprouts/clover poly-
culture. When white clover and red clover were sown under brussels sprouts
the number of cabbage butterflies (Pieris rapae) were reduced. This was
due to an increase in predation by ground beetles (Harpaplus rufipes) which
by feeding on other larvae in the clover, increased in number to a popu-
lation where they were effective against the butterfly larvae.i

Polycultures provide improved habitat for beneficial insects and by
physical and biological interference of insect pest population growth, they
create a more stable agricultural insect community. Through the biological
intensification of our agriculture, by the process of making monocultures
into diversified agricultural communities, pests can be managed by more
natural means. By studying the various interactions between plants, between
insects, and between plants and insects, we should be able to find pest
management strategies based on natural, biological processes.

Integrated Pest Management--the Transition

With the realization that chemical control of pests has its limitations
and negative consequences there has been a movement toward integrated pest
management philosophy. Integrated pest management is the integration of
chemical and biological pest management. At the present time, there has not
been much integration as chemical pest control is the most commonly used
and recommended method of pest management.

Apples are one of the more difficult crops to grow without using chemi-
cal pest control. Some people and orchards grow apples organically (mot
using chemical pesticides), but it is quite difficult. The wormy apple,
perhdaps the most well-known f;pit-pest problem, is caused by the codling
moth. The apple we eat is not native to North America. Neither is the

codling moth, as it was accidently introduced from Eurcpe. The natural
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predators and parasites that the codling moth had in Europe do not exist

in North America. There are approximately 120 species of parasites and

22 species of predators that are known to attack the codling moth, but only

2 species of parasites have been imported into the United States, and neither

of these came from the area presumed to be the native home of the codling

moth‘ly

The introduction of non-native beneficial insects is helpful for pest
control, but difficult. Non-native beneficial insects may not be as adapt-
able to their new climate as are their pest hosts, they need suitable habitat
that will probably differ from their pest hosts, and they may prove to be
ineffective for other reasons.

Many apple orchards are grown in monoculture and few have any vegetation
specifically maintained or planted for beneficial insect habitat. The use
of polycultures in orchards could significantly reduce pest losses. Russian
apple orchards are commonly undersown with such plants as buckwheat, mustard,
and dill, whose flowers serve as food sources for adult Trichogramma species
of wasps, which attack the eggs of the codling moth. Using this biological
control system, a polyculture designed for insect control, only 3.5% of
the apples were infested with codling moth larvae, as compared to 1.5%
infestation with full chemical control, and 54% infestation with no treat-
ment.l8 By making apple orchards more diverse through carefully choosing
plants and crops beneficial to insect predators and parasites, pests such
as the codling moth, can be significanly reduced in numbers by natural
means.

Although apples are one of the most difficult foods to grow without
using chemical pest control, there are numerous ways in which chemical
pesticides can be reduced and possibly eliminated. The use of pesticides
for apple production has a long history and the research and development

of new pesticides has been awesome, while for biological pest management
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PERENNTALS FOR PERMANENCE

Perennial crops can make our agriculture more stable through their
longevity and permanence. We are unnecessarily dependent upon the soil-
erosion promoting annual crops ' for our main source of food. The search
for a permanent agriculture should lead us to a perennial solution to the
annual problem of growing enough food to nourish and support us.

Perennials Protect the Soil

The greatest threat to agricultural production is the loss of its

* foundation and resource--the soil. Annual crops have to be planted each
year and in the process of seed bed preparation, and after a crop is har-
vested, the soil is exposed to the erosive forces of nature. The Department
of Agriculture estimates that our farmlands are losing nine tons of soil
per acre per year. In other words: "It costs (by erosion) two bushels

of Iowa topsoil to grow one bushel of corn."”

No-tillage agriculture is a concept that is rapidly gaining support
for controlling soil erosion while maintaining crop production. No-tillage
cropping systems can reduce energy input into corn and soybean production
by 7 and 18 percent, respectively, when compared to conventional tillage
systems and reduce soil erosion to almost zero.

These results are desirable, but the methodology is undesirable

This type of cropping system should be renamed chemical tillage, or
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settled place. A part of the health of a farm is the farmer's wish

to remain there. His long-term good intention toward the place is
signified by the presence of trees. A family is married to a farm
more by their planting and protecting of trees than by their memories
or their knowledge, for the trees stand for their fidelity and kind-
ness to what they do not know, The most revealing sign of the ill
health of industrial agriculture--its greed, its short-term ambitions--
is its inclingtion to see trees as obstructions and to strip the land

bare of them.

A Renaissance for Trees

When the settlers came to the prairie states, they felt uncomfortable
because of the absence of trees. Trees were important to the settlers and
they planted them for their benefits and also because they made the prairie
resemble their former homes back east and in Europe.

The planting of tree crops, especially fruit trees, continued after
the prairie states were settled and reached its highest point at around the
turn of the century. The Kansas State Horticultural Society published books
encouraging fruit tree planting and care. These books, written around 1900,

were titled: The Kansas Apple, The Kansas Peach, and The Kansas Cherry.

Similar books were published at this time in Nebraska and other states.

Fruit trees were grown primarily for local consumption of their fruit.
Only apples were exported in large quantities. Besides apples, many other
fruit trees were planted in large numbers. In 1900, there were 1,666,456
cherry trees growing in the state of Kansas. This means that there were
1.13 trees per person. Jewell County, one of the northern tier of counties,
had the highest cherry tree population with 68,066 trees or 3.5 trees per
person.

There are problems with raising tree crops and reasons why they have
lost their former importance as agricultural crops, except in a few loca-
tions in the country that are the most suited to growing fruit and nuts in
monoculture over large acreages. The most important problem is the in-

ability to mechanize their care and harvest to the extent that amnual crops
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nearest the locust were found to have greater height and diameter than those
trees that were further away. This was attributed to the increase in the
amount of nitrogen in the soil that was supplied by the locust -trees. The
soil under the locust trees had about 3900 pounds of nitrogen per acre.

The amount of nitrogen in the soil decreased until at about 100 feet from
the black locust plantation, the soil had about 1800 pounds of nitrogen

per acre.6 The black locust tree and other nitrogen-fixing trees can be
used in orchards, windbreaks, and scattered in fields to provide an inex-
pensive and continual source of nitrogen for agricultural crops.

Often included under tree crops are other perennial woody plants. They
can play an important role in a more permanent agriculture. These are woody
shrubs and vines: including raspberries, currants, wild plums, chokecherries,
gooseberries, and grapes. They are perennials that are hardy, productive,
and some can tolerate shade.

Tree crops are an underutilized source of food, fertilizer, and shelter
for crops. They can be an asset in producing food on a local level and in
a more permanent fashion. The use of trees in agriculture is a practice
that can lead us to a more sustainable agriculture.

The 'tool' with the greatest potentials for feeding men and an-
imals, for regenerating the soil, for restoring water-systems, for
controlling floods and drought, for creating more benevolent micro-
climates for more comfortable and stimulating living conditions for

humanity, is the tree.

Herbaceous Perennials

There are many herbaceous (non-woody) perennial plants which can be
used in agriculture. They comprise four main catergories: forage crops,
vegetable crops, grain crops, and leguminous cover crops.

Perennial forage crops: dinclude grasses for pasture and'hay and le-

gumes such as clovers and alfalfa, They are the only herbaceous perennial

crops that are now commonly used in agriculture.
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Perennial vegetable crops: require little work, besides planting them
once and yearly harvest, and deserve a place in any food-producing system.
Asparagus and rhubarb are the two most common garden crops that are perenn-
ials. There are many others, including perennial onions, spinach, and
broccoli.8

Besides plants that are grown in the garden, there are many perennial
wild plants that can serve as vegetables. DNettles, dandelions, and poke
have traditiomally been gathered for greens in the spring and are nourish-
ing foods. Perennial vegetable crops, from both the garden and the wilds,
can give us a more permanent source of vegetable foods.

Perennial grain crops: have the potential to eliminate erosion-
causing and energy-expensive tillage practices. With the recent discovery
of a wild, perennial corn (Zea diploperennis), there is a growing interest
in developing a perennial grain crop. Research for potential perennial
grain crops is underway.

Perennial leguminous cover crops: are an immediate answer to reduc—
ing soll erosion and energy use in agriculture. Alfalfa and red clover
(a biennial or shorf-lived perennial) have long been used for their forage
production. They protect the soil from erosion and produce nitrogen, with
the aid of symbiotic bacteria. This nitrogen is produced using the sun's
energy rather than fossil fuel.

Polycultures which include perennial legumes and annual grain crops
offer promise for reducing erosion while producing our staple grain crops.
Careful selection of perennial legumes is necessary. A legume like alfalfa
is probably too competitive and uses too much water to be a suitable crop
for a grain/legume polyculture. White clover and crown vetch may be suit-
able for these polycultures. They are low-growing, nitrogen-fixing, per-
ennial legumes and these characteristics make them appear well-suited for a

grain/legume polyculture. Very possibly there are other legumes and
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other perennials (perhaps native) that may be better suited for peremnial
polycultures including an annual grain crop. Experiments with corn, wheat,
and other grains grown with legumes in polycultures are needed to find out
which combinations work best. Experiments and demonstrations are needed
to promote this potentially advantageous cropping system.

Perennial Polycultures

Perennial crops offer many advantages over annual crops. These ad-
vantages can be enhanced by growing them in polycultures, which is what
occurs in nature. It is possible that the most stable and productive agri-
cultural system is a polyculture of annual and perennial plants. The process
of the biological -intensification of our agriculture will reach its climax
state in a perennial polyculture with annual plants taking advantage of
any unvegetated ground.

The planting of dwarf fruit trees in orchards is a step toward mono-
culture. Dwarf fruit trees are advantageous because they can be planted
closer together to create higher yields and they are easier to harvest
because their fruit is closer to the ground. Apple orchards planted to
dwarf trees produce more apples because they have about one-third more
apple~producing foliage per acre than standard sized trees.lo The smaller
radius circles that dwarf fruit trees form, can be packed closer together
than standard sized trees.

Dwarf fruit trees, when planted at high population, exclude the
possibility of polyculture. The trees are shading almost the total ground
surface, making it difficult for another crop to grow underneath them.
Standard sized trees allow more light to penetrate betweem them, provide
a larger three-dimensional surface, and are probably more advantageous

“for polycultures than dwarf fruit trees. Tree crops that are not planted

so closely together, whether dwarf or standard sized trees, can be planted
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in polycultures that have other crops growing underneath them, These poly-
cultures can be designed to provide their own nitrogen, reduce insect pest
problems, and maintain or increase total food yields,

One example of a perennial and annual crop polyculture is commonly
called two-storied agriculture, where one crop, usually a tree crop, grows
over another crop. On the Spanish island of Majorca, nine-tenths of the
land in the 1950's was in tree crops. A typical farm was planted to figs
in rows about 40 feet apart. Beneath the fig trees was a regular rotation
of wheat, clover, and chickpeas. The clover was allowed to grow for two
yvears and was pastured by sheep the second year. Each crop was not quite
as high yielding as it would have been if grown in monoculture, producing
75 percent of their normal yield, but together they produced the equivalent
of a full crop and one-half more, giving a land equivalent ratio of 1.5.10

Another example of a polyculture using perennial plants is Masanobu
Fukuoka's mandarin orange orchard in Japan. Dispersed among his mandarin
orange trees grow pines, cedars, pears, persimmons, loquats, Japanese cherries,
Morishima acacia, and many other native varieties of trees. The Morishima
acacia is native to Australia. It has hard wood, provides an alternate host
for ladybugs, the flowers attract bees, the leaves can serve as fodder, it
acts as a windbreak, and with the help of bacteria, it fixes nitrogen to
enrich the soil. ©On the ground of his mixed orchard, white clover, alfalfa,
mustard, and daikon. (a Japanese radish) cover the soil. With this perennial
polyculture, he has found it unmecessary to use fertilizers, insecticides,
weed killers, or to cultivate. Instead, he lets the orchard manage itself.ll

Masanobu Fukuoka's orchard is composed of different crops than would
grow here because Japan has a different climgte. However, it still has
value as a model for ways that we can grow perennial polycultures. It

ig time for us to quit thinking of apple orchards as just containing apple

trees. They can be polycultures made up of a wide variety of plants that
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THE AGRICULTURAL ECOSYSTEM CONCEPT

The agricultural ecosystem concept is an ecological method of food
production. An agricultural ecosystem can be defined as: a community
of agricultural crops and its enviromment treated together as a functiomal
system of complementary relationships based upon transfer and circulation
of energy and matter. The agricultural ecosystem model that I will present
is an attempt to grow food using natural methods, often called organic
agriculture or natural farming. The model is a pochultuqe that is less
energy~-intensive than normal cropping systems and is a de-centralized and
sustainable method of food production.

The agricultural ecosystem concept is best suited for small-scale
farmers and market gardeners. There is no ideal size, because the size
depends upon what is grown, how it is growm, and where it is located. For
northeast Kansas, a range of from one to twenty acres of crop land may work
best.

Some of the principles of the agricultural ecosystem concept can be
adopted by conventional farmers. One principle that could be adopted is to
keep a continuous plant cover on the soil. The advantages from this prin-
ciple will be limited by soil moisture and in those areas that are extremely

dry, a yield reduction could occur, A continuous plant cover will signif-

icantly reduce soil erosion and will help stop nitrogen from leaching from
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the soil by storing it temporarily in plants, It also could increase the
organic matter content of the soil and increase total yields through double
cropping.

A continuous plant cover could be acheived with little added expense
for the farmer. This could be done by seeding wheat or other winter grains,
possibly with legume seed, into a corn, milo, or soybean field in the fall,
A mechanical broadcaster could be attached to a tractor and while the stalks
or stubble of the fall harvest are being shredded or disked, winter grain
seed could be broadcast onto the field. The seed would be covered by soil
or plant material and in a normal year would make some fall growth. If
the wheat or other winter grain were thick enough, it could be allowed to
mature in the spring and be cut for its grain. If not, it could be tilled in
the spring as part of the seedbed preparation for the next crop, or the
next crop could be directly planted into the cover crop with a no-till
planter.

Another agricultural ecosystem principle that could be adopted is to
increase biological diversity. An increase in plant diversity could add
nitrogen to the soil, could provide insect protection, or could reduce or
eliminate tillage and herbicides by shading the ground. This could be
acheived by using polycultures. Omne example is a sweet clover/wheat
polyculture as already described.

Another example would be a corn/mung bean or milo/mung bean poly-
culture. The beans would be planted between the corn or milo, either at
planting time or when the field is cultivated for the last time. The beans
would be grown solely for their nitrogen that they would fix and for their
ground cover function, which would suppress weed growth. These are just
three examples of ways that the agricultural ecosystem concept could be
adopted by conventional farmers to make their farming practices more

conserving of soil and energy.
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crops (potatoes, sweet potatoes, and turnips).2 This has cccurred mainly
because the leafy, green vegetables have become available to us rather in-
expensively, the year around due to inexpensive energy. This has allowed
their production to be centralized (in places like southern California) and
they are shipped all across the United States. The traditional winter root
crops have lost their popularity and are even considered unappetizing.

How many people today would say that they like turnips or rutabagas? -

There has been a similar trend in fruit consumption as the tradition-
ally popular apple has decreased in per capita consumption, while citrus
fruits (oranges and grapefruit) have increased. Again, foods from afar
are more popular.

An increase in local consumption of food through the agricultural eco-
system concept does not mean that oranges and other foods will not be
available to areas that do not grow them. It just means that the choice
between imported, exotic, and more energy-expensive foods, and local, season-
al, fresh foods will become more obvious. The people who make up a community
can choose between a community that is self-reliant and one that is fragmented,
dependent upon the nearest city as its indirect source of industrially-
produced food. As the disparity in quality and cost becomes fully realized,
locally-grown foods will become more desirable.

There are changes occurring in peoples lifestyles that support the
agricultural ecosystem concept. People are finding that they enjoy the
natural world and want more natural food--fresh and local--grown perhaps
by a neighbor. The number of gardens has grown rapidly the last few years
as people are wanting to grow their own food and are wanting quality food.
With more people finding a place that they want to call home, people are
learning what it means to actually be inhabitants of a place. This
'rootedness' to a place means aceepting that one isia part of the community

and that one wants to interact with neighbors and friends, entertaining
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each other, working together, and helping each other. These attitudes will
encourage consumption and production of locally-grown foods.

The idea of an agricultural ecosystem means that people are a part of
the food-growing process, they are not removed from it, because they must
produce and consume food. A strong community focus, where the production
and the consumption of food are connected because of the interrelationships
between people, will be an important step in making the agricultural eco-
system concept a reality on a community-wide basis.

A Model Agricultural Ecosystem

An agricultural ecosystem is site specific. Its component crops will
vary due to slope, light intensity, soils, soil fertility, and perhaps most
importantly, personal preferences. Because of the lack of information on
the use of polycultures and companiate cropping techniques, any effort in
this direction is pioneering and any model is comprised of some guesswork.
However, the model T will present is supported by research and observation
previously reported in this paper.

The agricultural ecosystem that I propose is a polyculture that util-
izes legumes for fertility, perennials for stability and longevity, has
additional diversity, specifically designed for insect management, and pro-
duces grains, beans, fruits, herbs, and vegetables. An agricultural ecosystem
will have an animal component. However, for the purposes of my research,

I have focused on the plant component and am discussing those findings,

The hypothetical model agricultural ecosystem that I will describe, is
situated on five acres of land in northeast Kansas, in the Kansas River
valley. The area receives an average of 35 inches of rain a year and has
a growing season of a little more than 180 days. This is some of the most

productive land in the state and is an ideal location for a prototype

agricultural ecosystem.
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The natural vegetation of this area was on the border between Tall-
grass Prairie and Floodplain Forest. The agricultural ecosystem will use
both tree crops (reminiscent of the Floodplain Forest) and grains, which
are grasses (reminiscent of the Tallgrass Prairie).

The five acre plot that will be the model agricultural ecosystem, is
made up of three sections, each of which had separate uses. On two acres
is an o0ld orchard of apples and peaches. On two other acres, the ground
was used to grow annual monocultures of either corn or soybeans. On the
final acre is the homestead, with 2 gardem and shelterbelt.

Apples as Part of an Ecosystem

The old orchard has fallen into disuse. One acre was in apple trees
which have not been taken care of for at least three years. About 20 per-
cent of the apple trees have died and can be replaced with other trees,
ineluding: black walnut, cherry, plum, persimmon, hardy varieties of almond,
pecan, and English walnut. The black locust trees will be useful in sup-
plying nitrogen and in obtaining other nutrients from the subsoil. The
fruit and nut trees selected have different pests than the apple and may
gain some protection by being hidden out in an apple orchard (see figure 4).

Some areas that formerly had an ﬁpple tree will be left specifically
for beneficial insects. These areas will be planted to wildflowers and
plants that provide food sources and shelter for beneficial insects. Many
plants of the mustard and carrot family will be planted in these areas
(including, but not limited to: mustard, turnips, daikon radishes, horse
radish, parsnips, carrots, dill, and other herbs). Some of these (carrots,
turnips, and parsnips) are tap-rooted biennials which produce roots we can
eat during their first year of growth. The second year they will flower,
providing nectar as food for beneficial insects, and make seed. Several

of these plants in the mustard family will reseed themselves, not needing
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to be replanted every year.

The ground underneath the trees will not be tilled. It will be mowed
yearly, wild flowers will be encouraged to grow, and white and red clover
seed will be broadcast to add a leguminous ground cover., Also in some places
where more light is penetrating between the apple trees, a few bush fruits,
such as wild plums, currants, and raspberries will be planted. As the or-
chard is changing to biological pest management techniques, the apples will
mostly be used to make cider. This will help compensate for the less-than-
perfect fruit expected in the transition process.

Peaches as Part of an Ecosystem

In the acre of orchard that was in peaches, almost half have died,
because peach-trees do not live very long. Where there are open spaces,
fruit and nut trees, such as the apricot, pear, Chinese chestnut, filbert
sand cherry, and mulberry can be planted. Where several trees are gone,
taller and larger black walnut and honey locust trees can be planted.
These two trees have a leaf structure that allows a lot of light to reach
the ground. Also, they both leaf out quite late in the spring and lose
their leaves relatively early in the fall. Underneath them, gooseberries
and papaws will be planted because they like some shade. Black walnuts -
exude a chemical called juglone form their roots and it is sometimes toxic
to certain plants--tomatoes, apples, and others--so they should not be
planted together.

It will take some time for the newly planted trees to get very large,
so in the areas where there are no peach trees, annual crops can be grown.
These will be grown in polycultures using techniques that will be described
for the land that was previously in annuai crops.

Beneficial insect habitat will be designated at about seven or eight

locations in the peach orchard, where a peach tree had died and there is
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an open area. These areas will be planted to wildflowers and to plants of
the mustard and carrot families. Strawberries will also be planted in these
areas and in a few other locations between peach trees where there is suf-
ficient light penetrating between trees. Strawberries are an alternate host
for an inseet that attacks the oriental fruit moth, which is the wormy

peach culprit.

Peach trees are much smaller than apple trees and more light penetrates
through them and between them. Asparagus and rhubarb will be planted between
the peach trees in the areas that receive the most light. They make their
most rapid growth early in the spring and will compete very little with the
peach trees,

The remaining uncovered ground will be planted to a perennial groﬁnd
cover of white and red clover, which will be mowed yearly. Other legumes,
such as birdsfoot trefoil, lespedezas, and vetches will be used on an exper-
imental basis in the cormer of the peach orchard to test their suitability
as nitrogen-fixing ground covers. :

The Homestead as Part of an Ecosystem

The acre that contains the homestead, garden and shelterbelt will not
be changed dramatically, because the homestead and shelterbelt already
express the concept of permanence, The garden will be reduced in size to
just a kitchen garden that can provide salad fixings and a few vegetables
that are used frequently. The reason for this is that an agricultural
ecosystem is an attempt to integrate plants in polycultures; therefore
the orchard, garden, shelterbelt, and field are not actually separated,
but are overlapping communities.

The shelterbelt will be expanded slightly into the area that was pre-
viously garden. In this area will be planted apricots, native plums, and

chokecherries, all of which have been planted in shelterbelts in the Great
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vegetable plants once they are established. The clover between the rows
will be performing a nitrogen-producing function, a weed-supressing functionm,
and an insect-protective function. It will protect the broccoli and cab-
hage by providing a camouflaging, greem background and beneficial insect
habitat. The clover is providing many useful functions, but it will also
be somewhat competitive and may reduce yields from what they would have been
if the vegetables had been grown in monoculture. For the amount of labor
and energy spent per pound of vegetable harvested, a vegetable/clover poly-
culture should be more advantageous than conventional vegetable cropping
techniques. These vegetable/clover polycultures are experimental and will
need some further refinement before they can show the stability of mature
agricultural ecosystems.

Corn as Part of an Ecosystem

The remaining one-half acre will have corn as its main food crop.
The technique for growing this crop is the least developed in the context
of the agricultural ecosystem concept. This half acre will be planted to
a winter cover crop of rye and Austrian winter field peas (a fall-planted,
nitrogen-fixing pea). They will be turned under in early May and the ground
will be planted to corn.

The weakness in this cropping scheme, the same weakness which appears
in conventional agriculture, is that the soil is exposed to natural erosive
forces once it has been tilled. Living plants will hold the soil more than
will the plant residues of rye and peas after they have been incorporated
into the soil. That is advantage of a perennial ground cover. Research is
needed to determine which perennial ground cover is. the most suitable
for corn and other row crops.

Corn will be planted in late May or early June at 36-inch row spacings.

Mung. beans will be planted as a companiate crop, between the rows. Soybeans
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and serve as a source of herbs,

These grain-producing and vegetable-producing polycultures are a
part of the larger process of devising ways of raising these crops that
are more permanent, less energy—iﬁtensive, and still productive. This
will involve the process of agricultural succession, as one technique will
be replaced by another and one crop will be replaced/succeeded by a more
permanent crop. The agricultural ecosystem concept provides the theoret-
ical framework for establishing a more biologically-intensive agriculture.
We know enough to plant the seeds for a more permanent agriculture., Now

is the time to sow the seeds and preserve the land by creating permanence.

Conclusion

The agricultural ecosystem concept promotes a distinctivelset of eco-
logical principles that give diversity and stability to the food production
process. This system of producing food allows people to work more closely
with nature and to feel a spiritual connection with the earth. Agricultural
ecosystems can be designed to provide numerous advantages. They can be
energy conserving, more permanent, make better use of space, can reduce
and eliminate the need for pesticides, tillage, and chemical fertilizers,
and provide food for the local community.

The agricultural ecosystem model that I have presented is most suit-
able for a small-scale farmer or market gardemer, but the principles can
aléo be applied on a larger or smaller acreage. The agricultural ecosystem
concept is a model-building process that will go through successional stages
to a more mature food-producing plant community. Above and beyond all the
advantages, is the fact that the agricultural ecosystem concept expresses

permanence and ecology, and is a step toward a truly.sustainable agriculture.












