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Preface

The 1980s have been a time of change in U.S. agriculture. The financial
viability of many farms and rural communities declined during the mid-
1980s as crop prices and land values fell. More than 200,000 farms went
bankrupt. Since 1986, increasing market prices and exports of major farm
commodities have improved the farm economy, but this recovery would not
have been possible without record levels of government support.

The environmental consequences of farming have also become increas-
ingly important to policymakers, farmers, and the public. The Environmen-
tal Protection Agency has identified agriculture as the largest nonpoint
source of water pollution. Pesticides and nitrates from fertilizers and ma-
nures have been found in the groundwater of most states. The issue of
pesticide and antibiotic residues in food remains unresolved. Soil erosion,
salinization, and depletion of aquifers for irrigation are significant problems
in some regions.

In 1984, the Board on Agriculture appointed a committee to study the
science and policies that have influenced the adoption of alternative pro-
duction systems designed to control these problems. The committee found
that many farmers have taken steps to reduce the costs and adverse environ-
mental effects of their operations. Some have improved conventional tech-
niques, and others have adopted alternatives.

Farmers who have adopted alternatives try to take greater advantage of
natural processes and beneficial on-farm biological interactions, reduce off-
farm input use, and improve the efficiency of their operations. Many farm-
ers have tried alternative systems. Some have succeeded; others have failed.
It appears, however, that a growing number of farmers and agricultural
researchers are seeking innovative ways to reduce costs and protect human
health and the environment.

For the rest of this century, agricultural producers and policymakers will
focus on three goals: (1) keeping U.S. farm exports competitive; (2) cutting
production costs; and (3) reducing the environmental consequences of farm-
ing. The committee’s report examines the scientific and economic viability
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vi PREFACE

of alternative systems that can help farmers and policymakers achieve these
oals.

5 Chapter 1 describes the dimensions of U.S. agriculture in the domestic
and world economies and its evolution since World War II. The committee
discusses changes in input use, including fertilizers, pesticides, antibiotics,
and irrigation water. Trade policy, federal commodity price and income
support programs, and regulatory and tax policy are discussed, as is their
influence on farm practices.

Chapter 2 outlines some of the economic and environmental consequences
of agricultural practices and federal government policies. The committee de-
scribes problems in the farm economy, agricultural pollution of surface water
and groundwater, pest resistance to pesticides, aquifer depletion, soil erosion
and salinization, and pesticide and antibiotic residues in food.

Chapter 3 examines the basic science supporting farming practices widely
used in alternative agriculture: crop rotations, alternative crop nutrient
sources and management strategies, integrated pest management, biologi-
cal pest control, and alternative animal management systems. Much of the
evidence presented comes from the agricultural research system. The re-
sults of most scientific research, however, have not been sufficiently inte-
grated into systems designed to solve on-farm problems. This chapter dis-
cusses the need for an interdisciplinary problem-solving research system.

Chapter 4 analyzes the economic potential of alternative systems. The
committee discusses methods of economic analysis, regional differences in
production costs, and the relationship between federal commodity pro-
grams and production inefficiencies. Using midwestern corn and north-
western wheat production as examples, the committee examines commod-
ity program biases and their influence on the profitability of conventional
and alternative systems. Additionally, the economic benefits of integrated
pest management, biological pest control, and alternative livestock systems
are discussed.

The report concludes with 11 case studies describing 14 farms managed
with an efficient combination of alternative and conventional practices.
Detailed descriptions of the practices and financial performance of five crop
and livestock operations, seven fruit and vegetable farms, one western beef
operation, and one rice farm are presented. The case studies provide in-
sights intc the cperation of alternative farms in different regions producing
different crops by the use of different methods. Each farm is tailored to the
limitations and potential of its soil, water, and climate and the local econ-
omy.

Farmers have a history of adopting new systems. While much work re-
mains to be done, the committee believes that farmers, researchers, and
policymakers will perceive the benefits of the alternative systems described
in this report and will work to make them tomorrow’s conventions.

JoHN PESEK
Chairman
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Executive Summary

, N THE 1930S, CROP YIELDS in the United States, England, India, and Argen-
tina were essentially the same. Since that time, researchers, scientists,
and a host of federal policies have helped U.S. farmers dramatically increase
vields of corn, wheat, soybeans, cotton, and most other major commodities.
Today, fewer farmers feed more people than ever before. This success, how-
ever, has not come without costs.

The U.S. Environmental Protection Agency (EPA) has identified agricul-
ture as the largest nonpoint source of surface water pollution. Pesticides
and nitrate from fertilizers are detected in the groundwater in many agri-
cultural regions. Soil erosion remains a concern in many states. Pest resis-
tance to pesticides continues to grow, and the problem of pesticide residues
in food has yet to be resolved. Purchased inputs have become a significant
part of total operating costs. Other nations have closed the productivity
gap and are more competitive in international markets. Federal farm pro-
gram costs have risen dramatically in recent years.

Because of these concerns, many farmers have begun to adopt alternative
practices with the goals of reducing input costs, preserving the resource
base, and protecting human health. The committee has reviewed the di-
mensions and structure of U.S. agriculture, its problems, and some of the
alternatives available to farmers to resolve them.

Many components of alternative agriculture are derived from conven-
tional agronomic practices and livestock husbandry. The halimark of an
alternative farming approach is not the conventional practices it rejects but
the innovative practices it includes. In contrast to conventional farming,
however, alternative systems more deliberately integrate and take advantage
of naturally occurring beneficial interactions. Alternative systems empha-
size management; biological relationships, such as those between the pest
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and predator; and natural processes, such as nitrogen fixation instead of
chemically intensive methods. The objective is to sustain and enhance rather
than reduce and simplify the biological interactions on which production
agriculture depends, thereby reducing the harmful off-farm effects of pro-
duction practices.

Alternative agriculture is any system of food or fiber production that
systematically pursues the following goals:

» More thorough incorporation of natural processes such as nutrient cy-
cles, nitrogen fixation, and pest-predator relationships into the agricul-
tural production process;

+ Reduction in the use of off-farm inputs with the greatest potential to
harm the environment or the health of farmers and consumers;

« Greater productive use of the biological and genetic potential of plant
and animal species;

» Improvement of the match between cropping patterns and the produc-
tive potential and physical limitations of agricultural lands to ensure
long-term sustainability of current production levels; and

« Profitable and efficient production with emphasis on improved farm
management and conservation of soil, water, energy, and biological
resources.

Alternative agriculture is not a single system of farming practices. It in-
cludes a spectrum of farming systems, ranging from organic systems that
attempt to use no purchased synthetic chemical inputs, to those involving
the prudent use of pesticides or antibiotics to control specific pests or
diseases. Alternative farming encompasses, but is not limited to, farming
systems known as biological, low-input, organic, regenerative, or sustain-
able. It includes a range of practices such as integrated pest management
(IPM); low-intensity animal production systems; crop rotations designed to
reduce pest damage, improve crop health, decrease soil erosion, and, in the
case of legumes, fix nitrogen in the soil; and tillage and planting practices
that reduce soil erosion and help control weeds. Alternative farmers incor-
porate these and other practices into their farming operations. Successful
alternative farmers do what all good managers do—they apply management
skills and information to reduce costs, improve efficiency, and maintain
production levels.

Some examples of practices and principles emphasized in alternative sys-
tems include

« Crop rotations that mitigate weed, disease, insect, and other pest prob-
lems; increase available soil nitrogen and reduce the need for purchased
fertilizers; and, in conjunction with conservation tillage practices, re-
duce soil erosion.

« IPM, which reduces the need for pesticides by crop rotations, scouting,
weather monitoring, use of resistant cultivars, timing of planting, and
biological pest controls.
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« Management systems to control weeds and improve plant health and
the abilities of crops to resist insect pests and diseases.

« Soil- and water-conserving tillage.

+ Animal production systems that emphasize disease prevention through
health maintenance, thereby reducing the need for antibiotics.

« Genetic improvement of crops to resist insect pests and diseases and to
use nutrients more effectively.

Alternative systems are often diversified. Diversified systems, which tend
to be more stable and resilient, reduce financial risk and provide a hedge
against drought, pest infestation, or other natural factors limiting produc-
tion. Diversification can also reduce economic pressures from price in-
creases for pesticides, fertilizers, and other inputs; drops in commodity
prices; regulatory actions affecting the availability of certain products; and
pest resistance to pesticides.

Alternative farming practices can be compatible with small or large farms
and many different types of machinery. Differences in climate and soil
types, however, affect the costs and viability of alternative systems. Alter-
native practices must be carefully adapted to the biological and physical
conditions of the farm and region. For example, it is relatively easy for corn
and soybean farmers in the Midwest to reduce or eliminate routine insecti-
cide use, a goal much harder for fruit and vegetable growers in regions with
long production seasons, such as the hot and humid Southeast. Crop rota-
tion and mechanical tillage can control weeds in certain crops, climates,
and soils, but herbicides may be the only economical way to control weeds
in others. Substituting manure or legume forages for chemical fertilizers
can significantly reduce fertilizer costs. However, a local iivestock industry
is often necessary to make these practices economical.

FINDINGS

In assessing current conventional and alternative farming practices in U.S.
agriculture the commitiee

+ Studied the potential influence of alternative farming practices on na-
tional economic, environmental, and public health goals;

« Identified and evaluated the factors, including government programs
and policies, that influence adoption of alternative farming practices;
and

* Reviewed the state of scientific and economic knowledge of alternative
farming practices to determine what further research is needed.

Based on its study, the committee arrived at four major findings.

1. A small number of farmers in most sectors of U.S. agriculture currently
use alternative farming systems, although components of alternative sys-
tems are used more widely. Farmers successfully adopting these systems
generally derive significant sustained economic and environmental benefits.
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Wider adoption of proven alternative systems would result in even greater
economic benefits to farmers and environmental gains for the nation.

2. A wide range of federal policies, including commodity programs, trade
policy, research and extension programs, food grading and cosmetic stan-
dards, pesticide regulation, water quality and supply policies, and tax pol-
icy, significantly influence farmers’ cheices o agricultural practices. As a
whole, federal policies work against environmentally benign practices and
the adoption of alternative agricultural systems, particularly those involving
crop rotaiions, certain soil conservation practices, reductions in pesticide
use, and increased use of biological and cultural means of pest control.
These policies have generally made a plentiful food supply a higher priority
than protection of the resource base.

3. A systems approach to research is essential to the progress of alterna-
tive agriculture. Agricultural researchers have made important contribu-
tions to many components of alternative as well as conventional agricultural
systems. These contributions include the development of high-yielding pest-
resistant cultivars, soil testing methods, conservation tillage, other soil and
water conservation practices, and IPM programs. Little recent research,
however, has been directed toward many on-farm interactions integral to
alternative agriculture, such as the relationship among crop rotations, till-
age methods, pest control, and nutrient cycling. Farmers must understand
these interactions as they move toward alternative systems. As a result, the
scientific knowledge, technology, and management skills necessary for
widespread adoption of alternative agriculture are not widely available or
well defined. Because of differences among regions and crops, research
needs vary.

4. Innovative farmers have developed many alternative farming methods
and systems. These systems consist of a wide variety of integrated practices
and methods suited to the specific needs, limitations, resource bases, and
economic conditions of different farms. To make wider adoption possible,
however, farmers need to receive information and technical assistance in
developing new management skills.

Incentives for the Adoption of Alternatives

Major segments of U.S. agriculture entered a period of economic hardship
and stress in the early and mid-1980s. This period followed more than 30
years of growth in farm size and production following World War II. Export
sales after 1981 slumped well below the record levels of the late 1970s. This
was caused by the rising value of the dollar, a period of worldwide reces-
sion, high and rigid federal commodity program loan rates, and increases
in agricultural production and exports from developed and certain devel-
oping countries. As food surpluses grew in some regions of the world, the
industrialized nations promoted agricultural exports with a variety of sub-
sidies. Many U.S. farmers, particularly specialized producers of major
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export crops such as corn, soybeans, cotton, and wheat, suffered financial
hardship.

Some farmers, caught by the abrupt downward turn in commodity prices
and land values, were unable to pay debts. Many were forced to leave
farming. A substantial increase in federal price and income support pay-
ments beginning in 1983, coupled with stronger export demand, has helped
insulate row-crop and small-grain producers from further economic losses.
Nonetheless, tens of thousands of farms are still struggling, particularly
middle-sized family farms with littie or no off-farm income.

Apart from economic hardship, other adverse effects of conventional ag-
riculture are being felt in some regions. Specialization and related produc-
tion practices, such as extensive synthetic chemical fertilizer and pesticide
use, are contributing to environmental and occupational health problems
as well as potential public health problems. Insects, weeds, and pathogens
continue to develop resistance to some commonly used insecticides, herbi-
cides, and fungicides. Insects and pathogens alsc continue to overcome
inbred genetic resistance of plants. Nitrate, predominantly from fertilizers
and animal manures, and several widely used pesticides have been found
in surface water and groundwater, making agriculture the leading nonpoint
source of water pollution in many states. The decreasing genetic diversity
of many major U.5. crops and livestock species (most notably dairy cattle

and poultry) increases the potential for sudden widespreard economic losses
from disease.

Evaluating Alternative Farming Methocds and Systems

A review of the literature led the committee to conduct a set of case
studies to further explore and illustrate the principles and practices of
alternative agriculture. Some farmers who have adopted alternative prac-
tices have been very successful, while others have tried and failed. Some
who have successfully adopted alternatives experienced setbacks during the
transition. Experience and research have led to a detailed understanding of
some alternative methods. But many others are not well understoed. Con-
sequently, it is hard to predict where and how specific alternative practices
might be useful. Although science has accumulated a great base of knowl-
edge of potential benefit to alternative agriculture, research and extension
have not focused on integrating this knowledge into practical solutions to
farmers’ problems.

It is difficult to estimate the economic impact of many alternative farming
practices, particularly those that influence several facets of the farm, such
as soil fertility and pest populations. The task of isolating the impact of a
new practice requires detailed knowledge of a farm’s biological and agro-
nomic characteristics. Even mcere difficult is the task of predicting and
measuring the economic effects of the transition to alternative methods.
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During the transition period, it is often unclear how well and how quickly
alternative practices will beccine effective.

The aggregate effects of alternative agriculture need to be evaluated in the
context of market forces and government policies that determine farm prof-
itability. In spite of obstacles, however, innovative farmers will continue to
broaden and refine alternative farming practices, with increasingly signifi-
cant benefits for agriculture, the economy, and the environment. With ap-
propriate changes in farm policy and expanded and redirected research and
extension efforts, the rate of progress in developing and adopting alterna-
tive systems could be markedly accelerated.

CONCLUSIONS

Alternative Farming Practices and Their Effectiveness

Farmers who adopt alternative farming systems often have productive
and profitable operations, even though these farms usually function
with relatively little help from commodity income and price support
programs or extension.

The committee’s review of available literature and commissioned case
studies illustrates that alternative systems can be successful in regions with
different climatic, ecological, and economic conditions and on farms pro-
ducing a variety of crops and livestock. Further, a small number of farms
using alternative systems profitably produce most major commodities, usu-
ally at competitive prices, and often without participating in federal com-
modity price and income support programs. Some of these farms, however,
depend on higher prices for their products. Successful alternative farmers
often produce high per acre vields with significant reductions in costs per
unit of crop harvested. A wide range of alternative systems and techniques
deserves further support and investigation by agricultural and economic
researchers. With modest adjustments in a number of federal agricultural
policies many of these systems could become more widely adopted and
successful.

Alternaiive farming practices are not a well-defined set of practices or
management techniques. Rather, they are a range of technological and
management options used on farms striving to reduce costs, protect
health and environmental quality, and enhance beneficial biological
interactions and natural processes.

Farmers adopting alternative practices strive for profitable and ecologi-
cally sound ways to use the particular physical, chemical, and biological
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potentials of their farms’ resources. To these ends, they make choices to
diversify their operations, make the fullest use of available on-farm re-
sources, protect themselves and their communities from the potential haz-
ards of agricultural chemicals, and reduce off-farm input expenses. Instead
of rejecting modern agricultural science, farmers adopting alternative sys-
tems rely on increased knowledge of pest management and plant nutrition,
improved genetic and biological potential of cultivars and livestock, and
better management techniques.

A fuller understanding of biological and ecological interactions, nutrient
cycles, and management systems geared toward sustaining and maximizing
on-farm resources is often prerequisite for a successful transition to an
alternative system. The transition can occur rapidly in some cases; however,
most farmers adopt alternative practices gradually as they learn to integrate
these practices into more profitable farm management systems.

Well-managed alternative farming systems nearly always use less syn-
thetic chemical pesticides, fertilizers, and antibiotics per unit of produc-
tion than comparable conventional farms. Reduced use of these inputs
lowers production costs and lessens agriculture’s potential for adverse
environmental and health effects without necessarily decreasing—and
in some cases increasing—per acre crop yields and the productivity of
livestock management systems.

Farmers can reduce pesticide use on cash grains through rotations that
disrupt the reproductive cycle, habitat, and food supply of many crop insect
pests and diseases. By altering the timing and placement of nitrogen rertil-
izers, farmers can often reduce per acre application rates with little or no
sacrifice in crop yields. Further reductions are possible in regions where
leguminous forages and cover crops can be profitably grown in rotation
with corn, soybeans, and small grains. This usually requires the presence
of a local hay market. Fruit and vegetable growers can often dramatically
decrease pesticide use with an IPM program, particularly in dry or northern
regions. Subtherapeutic use of antibiotics can be reduced or eliminated
without sacrificing profit in most beef and swine production systems not
reliant on extreme confinement rearing. Significant reduction of antibiotic
use in poultry production is possible, but will be more difficult without
major changes in the marniagement and housing systems commonly used in
intensive preduction.

Alternative farming practices typicslly require more information,
trained labor, time, and management skills per unit of production than
conventional farming.

Alternative farming is not easy. Grain farmers who add livestock to their
farms may find it more difficult to balance demands on their time during
certain peak work seasons. Labor needs, particularly for trained personnel,




10 ALTERNATIVE AGRICULTURE

typically increase on farms using alternative systems. Marketing plans take
more time to develop and implement. Alternative farming practices also
require more attention to unique farm conditions. Scouting tor pests and
beneficial insects, using biological controls, adopting rotations, and spot
spraying insecticides or herbicides require more knowledge and manage-
ment than simply treating entire fields on a programmed schedule.

The development of optimum rotations or planting schedules for specific
climatic and soil conditions demands careful observation of crop response
and precise management. Preventive health care for livestock requires
greater knowledge of animal health and accurate diagnoses of health prob-
lems. Monitoring soil nutrient levels through soil and crop tissue testing is
a reliable way to estimate more precisely fertility needs and calibrate fertil-
izer applications. Such testing and analysis, however, require time, knowl-
edge, money, and, in many cases, specialized skills.

The Effect of Government Policy

Many federal policies discourage adoption of alternative practices and
systems by economically penalizing those who adopt rotations, apply
certain soil conservation systems, or attempt to reduce pesticide appli-
cations. Federal programs often tolerate and sometimes encourage un-
realistically high yield goals, inefficient fertilizer and pesticide use, and
unsustainable use of land and water. Many farmers in these programs
manage their farms ic maximize present and future program benefits,
sometimes at the expense of environmental quality,

Commodity program rules have an enormous influerice on agriculture.
Through provisions governing allowable uses of base acres, these programs
promote specialization in one or two crops, rather than more varied rota-
tions. Between 80 and 95 percent of all acreage producing corn, other feed
grains, wheat, cotton, and rice (or about 70 percent of the nation’s crop-
land) are currently enrolled in federal commodity programs.

All acres enrolled in the federal commodity income and price support
programs are subject to specific crop program rules that determine eligibil-
ity. The most crucial and basic rule determines eligible base acres. A farm'’s
base acres are those eligible for program participation and benefits. They
are calculated as an average of acreage enrolled in a particular crop program
each year during the past 5 years. Thus, any practice that reduces acreage
counted as planted to a program crop will reduce the acreage eligible for
federal subsidies for the next 5 years. For example, if a farmer rotates all of
his or her base acreage one year to a legume that will fix and supply
nitrogen and conserve soil, fewer acres will be eligible for program pay-
ments in subsequent years. In general, under this scenario, benefits would
be reduced 20 percent per year for the next 5 years. Payment reductions
could be even greater in subsequent years.

Another rule, cross-compliance, passed in the Food Security Act of 1985,
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has had a great influence on a farmer’s choice of crops. Cross-compliance
stipulates that to receive any benefits from an established crop acreage base,
a farmer must not exceed his or her acreage base for any other program
crop. In general, cross-compliance discourages diversification into rotations
involving other program crops. For example, if a farm is enrolled in the corn
program and has no other program crop base acreage, the farm would lose
all corn program benefits that year if any other program crop were planted
on the farm. Farmers wishing to diversify into rotations with other program
crops must generally forfeit program payments from crops currently in the
program. If a farm had base acreage for two or more crops when cross-
compliance went into effect in 1986, it must meet two criteria to retain
eligibility for maximum program benefits: (1) the farm may not be planted
with any other program crops and (2) the farm must stay enrolled in both
programs each year. Oats are currently exempt from cross-compliance to
encourage production. And in 1989, farmers have the option of planting 10
to 25 percent of feedgrain base acres to soybeans with no reduction in
feedgrain base acres in subsequent years.

The government also sets per bushel target prices for program crops.
Farmers enrolled in the programs are paid the difference between the target
price and the crop-specific loan rate or market price, whichever difference
is less, in the form of a per bushel (per hundredweight for rice, per pound
for cotton) deficiency payment. This is paid in addition to what a farmer
receives on the market or for placing the crop under loan with the U.S.
Department of Agriculture’s (USDA) Commodity Credit Corporation. Of-
ten these deficiency payments are a substantial portion of gross farm in-
come. For example, in 1986 and 1987, corn deficiency payments were $1.11
and $1.21 per bushel, while market prices averaged $1.92 and $1.82, respec-
tively. Wheat deficiency payments in 1986 and 1987 were $1.98 and $1.78
per bushel, while market prices averaged $2.40 and $2.60, respectively.

Farmers in these programs manage their land to maximize future eligibil-
ity for farm program benefits. They are often far more responsive to subtle
economic effects of the farm programs than to the biological and physical
constraints of their land. Two principal objectives of farmers participating
in the commodity programs are to sustain or expand eligible base acres and
to maximize yields on those acres, thus maximizing per acre payments.
These goals are usually achieved by growing the same crop or crops year
after year and striving for the highest possible yield on the greatest possible
acreage.

Shifts in international market demand driven by economic policy changes
in the United States, including devaluation of the dollar and changes in the
tax code and deficits, can also have significant, unintended effects on the
land. During the export boom of the 1970s and early 1980s, land previously
considered unsuitable for cultivation, primarily because of erosion, was
brought into cultivation. About 25 million acres of this land has been re-
cently idled under the Conservation Reserve Program (CRP), but much
remains in production.
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Fertilizers and pesticides are often applied at rates that cannot be
justified economically without consideration of present or future farm
program payments.

The committee identif‘ed two major forms of input inefficiency encour-
aged by federal commodity programs: (1) excess input use to achieve higher
yields and maximize government program payments and (2) use of inputs
to expand crop production onto marginal lands or to support the preduc-
tion: of crops in regions poorly suited to a particular crop.

Efficiency of input use, total variable costs, and per unit production costs
differ widely among growers and regions. The committee’s review of se-
lected cost of production studies resulted in the following conclusions that
warrant further study to help improve farm profitability and reform farm
policies:

« Within a given region for a specific crop, average production costs per
unit of output on the most efficient farms are typically 25 percent less,
and often more than 50 percent less, than average costs on less efticient
farms. There is a great range in the economic performance of seemingly
similar or neighboring farms.

« Average production costs per unit of output also vary markedly among
regions, although not as dramatically as among individual farms.

» High-income and low-cost farms are often larger. The causes and effects
of this, however, deserve study.

» Certain variable production expenses--machinery, pesticides, fertilizers,
and interest (excluding land)—account disproportionately for differ-
ences in per unit production costs.

Federal grading standards, or standards adopted under federal market-
ing orders, often discourage alternative pest control practices for fruits
and vegetables by imposing cosmetic and insect-part criteria that have
little if any relation to nutritional quality. Meat and dairy grading
standards continue to provide economic incentives for high-fat content,
even though considerable evidence supports the relationship between
high consumption of fats and chronic diseases, particularly heart dis-
ease.

Most fruits and vegetables are marketed under orders that set specific
criteria for cosmetic damage and other quality criteria that rarely affect the
safety or nutritional value of the food. Commodity producer organizations
generally support these standards as a way of reducing market supply and
increasing price; food processors favor them as a quality control mechanism
and because they can offer a lower price for food that does not meet the
highest cosmetic standards. In many cases, pesticides are applied solely to
meet grading criteria. Although IPM methods permit successful mainte-
nance or even enhancement of crop yields, in many cases they are less
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effective than routine spraying for controlling cosmetic damage. Pesticides
applied solely to meet cosmetic or insect fragment standards increase pest
control costs to producers and may increase residues of pesticides in food
and hazards to agricultural workers. Repercussions from pesticide use may
become more serious as new pests encroach on major fruit- and vegetable-
producing regions, and as insects and plant diseases become resistant to
currently effective products.

Many animal feeding and management systems and technologies cur-
rently exist to reduce the fat content of meat and dairy products. These
practices also often help cut costs. Producers are unlikely to adopt them,
however, without changes in grading standards and higher prices for lower
fat products. Scme progress is under way in this area, particularly in the
beef and pork industries, but further reform of the rules is needed.

Current federal pesticide regulatory policy applies a stricter standard
to new pesticides and pest control technologies than to currently used
older pesticides approved before 1972. This policy exists in spite of the
fact that a small number of currently used pesticides appears to present
the vast majority of health and environmental risks associated with
pesticides. This policy inhibits the marketing of biologically based or
genetically engineered products and safer pesticides that may enhance
opportunities for alternative agricultural production systems.

Federal pesticide regulatory procedures and standards are increasingly
expensive and time-consuming. Many scientific issues remain unresolved,
complicating decisions to allow new pesticides onto the market and remove
older pesticides from the market. Pesticide benefits assessments, for exam-
ple, are an extremely challenging area for research. Neither the EPA nor the
USDA has developed formal procedures to calculate the economic benefits
of pesticides under regulatory review. This often leads tc uncertainty, con-
troversy, and delay in regulatory decisions on older pesticides. The benefits
assessments that are typically developed tend to overestimate the actual
value of pesticides under review for health and environmental effects, by
not fully accounting for IPM and nonchemical alternatives. This policy
helps to preserve market share for older compounds known to pose health
and environmental hazards. This in turn discourages the development and
adoption of biological, cultural, or other alternative pest control practices.

Current and pending regulations need to be improved to provide greater
opportunity for the development of naturally occurring pest control agents
and those that rely in some way on genetic engineering. Uncertainty over
the definition of a genetically altered organism has resulted in some confu-
sion in registration of nonpathogenic microflora that can help control pests
biologically. One possible outcome of this confusion is delay in efforts to
select and produce strains of naturally occurring bacteria for many pur-
poses, including more efficient fixation of atmospheric nitrogen by legumes
and control of plant pests.
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The State of Research and Extension

The results and design of basic, discipline-oriented research programs
often are not sufficiently integrated into practical interdisciplinary ef-
forts to understand agricultural systems and solve some major agricul-
tural problems.

Many would agree that the United States has been slow to marshal certain
new scientific capabilities, such as biotechnology, to develop agricultural
products and technologies. This is largely due to declining support for
applied research and extension and difficulty in maintaining facilities and
incentives for multidisciplinary research. While the decline of the heavy
industry and manufacturing sectors is perhaps the most dramatic example
of the erosion of U.S. technological leadership, many fear that agriculture
will be added to the list in the early 1990s.

U.S. agriculture has always taken pride in its ability to apply science and
technology in overcoming the everyday problems of farmers. Many states,
however, are losing by retirement and attrition the multidisciplinary agri-
cultural research and education experts capable of bridging the gap between
laboratory advances and practical progress on the farm. These individuals,
frequently cooperative extension system employees, have traditionally
played an important role in informing research scientists of the problems
faced by farmers and in integrating research advances into production pro-
grams on the farm.

Insufficient numbers of young scientists are pursuing careers in interdis-
ciplinary or systems research. This is in part because higher education, peer
review, the agricultural research systems, and their funding sources tend to
encourage narrow intradisciplinary research over interdisciplinary work. As
a result, agricultural scientists often lack the skills and insights to under-
stand fully on-farm problems or how farmers can most readily overcome
them. The lack of support for on-farm systems research is creating a serious
problem for the cooperative extension system. The cooperative extension
system’s ability to carry out its traditional role has eroded substantially in
the last decade. This trend is likely to continue unless there are changes in
research and development, educational policies, and increased financial
support.

The committee is nonetheless encouraged by the growing interest in
alternative farming practices among research and extension personnel.
Without additions to existing programs and new research and educational
initiatives, however, the current system will not be able to provide farmers
the kind of information, managerial assistance, and new technologies
needed to support widespread adoption of alternative agricultural prac-
tices. An effective alternative agricultural research program will require the
participation of and improved communication among problem-solving and
systems-oriented researchers, innovative farmers, farm advisers, and a larger
cadre of extension specialists.
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Research and extension program funds to study, develop, and promote
alternative farming practices are inadequate. It is unrealistic to expect
more rapid progress in developing and transferring alternative practices
to farmers without increased funding.

A shortage of public funds in support of agricultural research has dis-
couraged work on alternative agriculture. With shrinking funds, publicly
supported research and extension services have not been able to provide
adequate regional or farm-specific information about alternative farmin
practices. Increasing production efficiency through the use of off-farm in-
puts to achieve higher yields has been a dominant objective, in part because
private funds were available to support these efforts.

During the last two decades, research support has increased for biological
research, especially in molecular biology. This work has made possible ad-
vances in the understanding of plants and animals at the subcellular level.
During the same period, however, government support for field and applied
research and extension in farming systems has not kept pace with the need,
or even with inflation. This applied research and extension is vital to im-
proving agricultural practices and dealing with agriculture’s adverse envi-
ronmental effects

State support for research, which tends to emphasize applied research
adapted to local crops and field conditions, is stable, at best, in many states.
Land-grant colleges, which receive much of their support from the states,
have had to find other sources of funds (including commodity organiza-
tions and agribusiness firms) to support adaptive field research. Despite
some success in securing private industry funding in support of some
applied research on specific products, private funds are rarely provided to
support the multidisciplinary research needed to advance alternative agri-
culture.

The committee believes that farming systems research promises signifi-
cant short- and long-term returns. Inadequate funding, however, has post-
poned work in several areas, including the development of monitoring
processes and analytical tools, biological control methods, cover crops, al-
ternative animal care systems, rotations, plant health and nutrition, and
many others. Without increased funding and a change in the intradisciplin-
ary orientation in the tenure and promotion systems of major research
universities, farming systems research and extension will remain limited,

and progress toward alternatives will be much slower than otherwise pos-
sible.

There is inadequate scientific knowledge of economic, environmental,
and social costs and thresholds for pest damage, soil erosion, water
contamination, and other environmental consequences of agricultural
practices. Such knowledge is needed to inform farm managers of the
tradeoffs between on-farm practices and off-farm consequences.
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Farmers are told too little about the ecological, biological, and economic
relationships associated with the use of agricultural chemicals. Farmers
generally follow the guidelines offered by the input manufacturers, but
these typically do not explain alternatives or the many conditions that may
reduce the need for a pesticide or a fertilizer. Farmers receive little guidance
in evaluating the economics of input use with respect to shifts in the market
price for a commodity or those inputs. Eradicating as many pests as possi-
ble, for example, is rarely the most economical option and often ignores the
long-range impact of pesticides on the environment. When fertilizer costs
are low, higher per acre nitrogen fertilizer applications may seem like a
prudent investment. Applications in excess of need, however, are not com-
pletely used by crops and can aggravate water quality problems.

Many agricultural practices have an off-farm impact on society and the
environment. Common agricultural practices have degraded surface water
quality, and, to a lesser degree, groundwater quality in most major farming
regions. In recent years, state and federal agencies have recognized that off-
farm costs of certain agricultural practices must be reduced, especially the
costs associated with some pesticides, tillage methods, and excessively high
ratec of manure and nitroger fertilizer application. But methods and models
for measuring the costs and benefits of conventional and alternative farming
practices are simplistic. Moreover, many policy goals, such as conserving
soil and increasing exports, are often at odds. Farmers need guidance and
management tools to balance stewardship and production objectives. To
help farmers make these choices, reliable cost-benefit comparisons between
conventional and alternative systems are needed. Developing improved
information and techniques for calculating on- and off-farm costs, benefits,
and tradeoffs inherent in different farming systems and technologies must
be a priority.

Research at private and public institutions should give higher priority
to development and use of biological and genetic resources to reduce the
use of chemicals, particularly those that threaten human health and
the environment.

Genetic research has greatly increased the productivity of plants and
animals in agriculture. Conventional plant breeding research such as hy-
bridization has produced many crop cultivars that are naturally resistant to
various diseases and insects. Genetic engineering techniques such as gene
transfer mediated by bacteria and viruses and direct transfer methods prom-
ise further improvements.

Financial incentives exist for the development of crop cultivars that pro-
duce higher yields. But there is less incentive and more risk for private
industry to produce cultivars designed to reduce input use and make vari-
ous alternative farming practices more feasible and profitable. Thus, the
federal government must increase its support for this type of research.

Examples of genetically engineered products that could reduce the need
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for purchased inputs include legumes and bacteria that more effectively fix
nitrogen, diagnostic tools and preventative measures for major infectious
animal diseases, crop cultivars with genetic resistance to insects and other
pests, and enhancement of the allelopathic capability of crops to suppress
weeds. In .nese areas, genetic research could greatly reduce pesticide use,
increase the profitability of legumes and cover crops in crop rotations, and
lessen chemical levels in the food supply and the environment. While it is

too early to tell how biotechnology will influence agriculture, the committee

i i favemane lanlime oo < 3 e
believes that biotechnology has much to offer farmers looking to adopt

alternative production practices.

Greater support for research on biological controls and improved plant
nutrition is also needed. Research on and implementation of biological
control iags far behind total support for other pest control methods, even
though several important pests remain difficult or costly to control by cur-
rent methods. Better understanding of the role of plant nutrition and health
in resisting pests, utilizing available soil nutrients, and improving yields
could be of great benefit to farmers. Greater public support is needed,
however, to support research designed specifically to achieve these goals
and reduce input costs and the environmental consequences of current
practices.

RECOMMENDATIONS

Farm and Environmental Policy

A variety of farm programs and policies have had a profound, continuing
influence on U.S. agriculture. Over the years, policies have had intended
and unintended effects. One important unintended effect is the variety of
financial penalties that farmers must overcome when adopting alternative
and resource-conserving production practices. These include the potential
loss of farm program subsidies, the inability of publicly supported research
institutions to provide information on alternative farming systems, and the
way current policies tolerate external environmental and public health costs
associated with contemporary production practices. Many changes in com-
modity and regulatory policies will be required to neutralize their bias
against the adoption of alternative farming systems.

Federal commodity programs must be restructured to help farmers
realize the full benefits of the productivity gains possible through many
alternative practices. These practices include wider adoption of rota-
tions with legumes and nonleguminous crops, the continued use of
improved cultivars, IPM and biological pest control, disease-resistant
livestock, improved farm machinery, lower-cost management strategies
that use fewer off-farm and synthetic chemical inputs, and a host of
alternative technologies and management systems.

A number of government policies and programs have strongly encour-
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aged farmers to specialize and deterred them from adopting diversified
farming practices. This is particularly true for farmers growing major com-
modities covered by price support programs. In many regions, the need to
retain eligibility for future government program payments has become more
important than the inherent efficiency or immediate profitability of a pro-
duction system in the absence of government program payments.

The committee recommends that a primary goal of commodity program
reform be the removal of the existing disincentives to alternative farming
practices. This step would ensure that farmers who employ crop rotations
and recommended resource conservation practices are not deprived of farm
income support. For the Congress, this means that

« Existing commodity programs, if retained, should be revised to elimi-
nate penalties for farmers adopting rotations. These revisions should
allow more flexibility in substituting or adjusting base acreage allot-
ments to accommodate crop rotations, acceptance of forage crops in
rotations as satisfying set-aside requirements, and harvesting or grazing
of forage crops grown during such rotations;

« Mandatory production controls, if enacted, should not require land
retirement for participation because this discourages crop rotations.
Farmers shouid be free to decide how to produce the allotted level of
output over a 2- to 5-year period; and

« Decoupling of income support from crop production, if enacted, should
ensure that all farming systems and rotations are treated equitably.

Natural Resource Management

Despite five decades of federally supported soil conservation programs,
soil erosion and water quality deterioration continue. Agricultural and con-
servation policies have not consistently supported the stewardship of natu-
ral resources. This inconsistency among policies should be changed. The
committee recommends that

Provisions in the Food Security Act of 1985 designed to protect erodible
lands and wetlands must be fully and fairly implemented.

Future farm programs should offer no new incentives to manage these
and other fragile lands in a way that impairs environmental quality.

Surface water and groundwater quality monitoring must be more sys-
tematic and coupled with educational and regulatory policies that pre-
vent future water contamination.

Cost-effective water quality protection provisions must be incorporated
into existing conservation and commodity programs.

Regulations that require farmers to maintain soil and water conserva-
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tion practices and structures installed with government technical or
financiul assistance must be enforced.

Adjustments in regional cropping patterns must be facilitated when
such changes are necessary in order to make progress toward profitable
and environmentally sustainable production systems.

Regulatory Change

Procedures for review and approval of the safety of existing and new
agricultural chemicals and other agents used in production agriculture must
be implemented to achieve more rapid progress toward safer working con-
ditions, improved environmental quality, and reduced chemical residues in
foods and water.

Existing policies permit pesticides with known risks to human health but
approved years ago under less stringent criteria to remain in use, while
new effective and safer substitutes are sometimes kept off the market by
the regulatory approval process. Regulating Pesticides in Food: The Delaney
Paradox, a report of the National Research Council published in 1987, pre-
sents detailed recommendations for a consistent policy for regulating die-
tary exposure to pesticides.

A set of guidelines for assessing the benefits of pesticides under regu-
latory review should be developed. This procedure must include a
definition of beneficiaries as well as an assessment of the costs and
benefits of other available pest control alternatives. Benefits of control
methods must be assessed as they accrue to growers, consumers, tax-
payers, the public health, and the environment. As a basic rule, the
benefits of any pest control method should be characterized as the
differenice between its benefits and those of the next best alternative,
which may involve an alternative cropping system that requires little
or no pesticide use. The dollar costs of the health and environmental

consequences of each pest control method should be weighed against its
benefits.

Public information efforts should explain to consumers the relationship
of appearance to food quality and safety. Alternate means of controlling
the supply and price of fruits and vegetables should be developed.
Cosmetic and grading standards should be revised to emphasize the
safety of food and deemphasize appearance and other secondary criteria.

Federally approved grading standards and marketing orders for fruits and
vegetables usually allow few surface blemishes on fresh produce or ex-
tremely low levels of insect parts in processed food. Consequently, farmers
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use more pesticides to meet these standards and guarantee receipt of a top
price. This increases worker exposure to pesticides and may result in in-
creased food residues. Cosmetic standards, however, often have no relation
to nutritional quality, flavor, or food safety. Furthermocre, these standards
discourage alternative pest control practices that may not be as effective in
meeting their rigid criteria.

Research and Development

Exploring the interactions and integration of agricultural practices is vital
to the understanding and development of alternative farming systems. In-
vestigation must begin with on-farm studies that address relationships
among practices that supply nutrients, conserve soil and water, control
pests, and sustain livestock health and productivity.

Long-term monitoring of commercial farms using alternative methods
must be added to farm management record studies to evaluate the environ-
mental, agronomic, and economic effects and viability of specific alternative
farming systems. Farming systems research must also take into account the
effects of policies and management decisions on resource conservation,
environmental integrity, farm worker health, food safety, and economic
sustainability.

The committee recommends the following strategy to encourage research
and development in support of alternative farming practices:

Develop a regional, multidisciplinary, long-term research, demonstra-
tion, and extension program such as that initiated by the USDA’s low-
input sustainable agriculture (LISA) initiative. This program should
focus on alternative farming practices and systems tailored for each
region’s major types of crop and livestock operations.

The research program must include on-farm studies of farming systems,
with participating farmers cooperating with researchers and extension per-
sonnel in conducting field tests and demonstrations. The program should
esta’lish at least six research and demonstration farm sites in each of the
four Cooperative State Resecarch Service (CSRS) administrative regions.
Within each region, grants from between $100,000 and $1 million wouild
support research at each site. State agricultural experiment stations would
manage or coordinate farm site research.

In addition, centers for sustainable or alternative agriculture should be
instituted in these four CSRS regions. These centers would establish a
network of physical, chemical, biological, and social scientists from govern-
ment, academia, and foundaticns. In cooperation with participating farms,
these centers would determine and oversee the research agenda of the
research and demonstration farms.
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Substantial annual funding—at least $40 million—should be allocated
for alternative farming research. The USDA should distribute the
money through its competitive grants program to scientists from uni-
versities, private research institutions, foundations, and industry.

A new competitive grants program is essential to accelerate work in sup-
port of alternative agriculture. New funding chould give priority to basic
and applied multidisciplinary research involving scientists at public and
private universities and private research institutions and foundations. The
specific research areas for an expanded competitive grants program should
include biological, genetic, and ecological research priorities and social sci-
ence research objectives focusing on the economic performance and conse-
quences of alternative systems. Priorities for the competitive grants pro-
gram are:

* Nutrient cyciing research to assess plant nutrient availability and in-
crease the efficiency of nutrient use; establishment of economically and
environmentally optimum levels and methods of fertilization with em-
phasis on leguminous crops; identification of points in the nutrient
cycle where nutrients are lost; exploration of how the efficiency of
nutrient uptake is affected by the source of nutrients, plant health, and
plant cultivars; and evaluation of the role of soil structure, tilth, and
soil biota in plant nutrient use and availability.

* Analysis of the effect of alternative tillage systems on weed and erosion
control, nutrient availability, fertilizer and pest control needs, cultiva-
tion costs, and compatibility with leguminous and nonleguminous cover
crops and specific soils.

* Development of new pest management strategies that take advantage of
cultural practices; rotations; allelopathy; beneficial insect, parasite, and
pathogen species; and other biological and genetic pest control mecha-
nisms.

* Analysis of the effect of crop rotations, including leguminous forages,
on plant vigor; disease, insect, and weed damage; allelopathy; soil
microorganisms; nutrient levels; and the effectiveness of strip intercrop-
ping, overseeding, and relay croppir.g.

* Development of improved crop and livestock species’ resistance to dis-
eases and pests through genetic engineering or classical breeding tech-
niques.

* Development and modification of farm equipment to meet the needs of
alternative farming practices and development of better processing and
handling systems for plant residues, animal wastes, and other biomass
to recycle plant nutrients into the soil.

* Research on the economics of alternative agricultural systems to deter-
mine their effect on net return to the farm family; per unit production
costs; the profitability of conventional versus alternative systems with
reduction or elimination of government support; the effect of alternative
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agriculture on labor demand, supply, and rural development; and the
influence of widespread adoption of alternative systems on U.S. agri-
culture’s competitiveness in international markets.

« Development of computer software and systems to aid farmers in the
management and decision making needed to adopt alternative systems.

Economics and Markets

Data bases and economic research on the profitability of alternative farm-
ing systems are minimal. Meaningful research on the effect of these systems
on the international competitiveness of U.S. agriculture is not available. The
results of most studies to date are not relevant. They often compare the
performance of conventional production systems that differ primarily in the
level of inputs applied per acre. They do not compare conventional systems
with successful alternative systems. An objective assessment of the macro-
economic impacts of widespread adoption of highly productive alternative
farming practices has not been undertaken.

Recent economic studies of IPM demonrstrate its profitability. However,
studies also highlight the fact that IPM requires continuous refinement as
new crop production methods are adopted or when new pests become
established. IPM systems can also change as old pests develop resistance to
pesticides, regulations are imposed, and prices paid and received by farm-
ers fluctuate. Studies of the economics of whole-farm systems, once com-
mon in farm management research and extension, are now rare, and the
necessary data bases are seriously neglected in all but a handful of states,
crops, and enterprise types.

Compared with conventional systems, alternative farming systems usu-
ally require new management skills along with greater reliance on skilled
and unskilled labor. How these demands will affect net income and rural
economies, however, is not known and is difficult to predict. The commit-
tee’s case studies and review of available data illustrate that alternative
farming is often profitable, but the sample is too small and unrepresentative
to justify conclusions about the precise economic effects of widespread
adoption of specific practices or systems. The goal of sustaining a viable
operation during transition from conventional to alternative farming also
deserves more study.

The aggregate, health-related, and environmental costs and benefits to
society of alternative farming practices must be documented more fully.
More reliable estimates are needed of the long-term costs of soil erosion,
water pollution, human exposure to pesticides, certain animal health care
practices, and other off-farm consequences.

The committee recommends that

More resources should be allocated to collect and disseminate data on
yields, profits, labor requirements, human health risks, threats to
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water quality, and other environmental hazards of conventional and
alternative farming practices within a given region. These data will
help policymakers and farmers make more informed choices.

Research should be undertaken to predict the long-term impacts of
various levels of adoption of alternative farming practices on the total
production and prices of various agricultural commodities; use and
prices of various farm inputs; international trade; employment, eco-
nomic development, and incomes of various categories of farmers; and
the overall structure of agriculture and viability of rural communities.

Research should be ecpanded on consumer attitudes tcward paying
slightly higher prices fur ods with lower or no pesticide residues, even
thougn such foods may not meet contemporary stardards for appearance.

THE FUTURE OF ALTERNATIVE FARMING

Current scientific, technological, economic, social, and environmental
trends are causing farmers to reconsider their practices and look for alter-
natives. Many farmers are turning to farming practices that reduce pur-
chased off-farm input costs and the potential for environmental damage
through more intensive management and efficient use of natural and bio-
logical resources.

The success of some of these farmers indicates that these alternative
farming practices hold promise for many other farmers and potentially
significant benefits for the nation. How fast and how far this transformation
of U.S. agriculture will go depends on economic opportunities and incen-
tives, which are shaped by farm policies, market forces, research priorities,
and the importance society places on achieving environmental goals.

Government policies that discourage the adoptior of alternative practices
must be reformed. Information about alternative practices and new policies
tc encourage their wider adoption must be disseminated effectively to farm-
ers. Experimentation must provide the basic physical, biological, and eco-
nomic understanding of agroecosystems on which alternative practices and
systems are built.

Ultimately, farmers will be the ones to decide. However, significant adop-
tion of alternative practices will not occur until economic incentives change.
This change will require fundamental reforms in agricultural programs and
policies. Regulatory policy may play a role, particularly in raising the cost
of conventional practices to reflect more closely their full social and environ-
mental costs. On-farm research will have to be increased and directed to-
ward systems that achieve the multiple goals of profitability, continued
productivity, and environmental safety. Farmers will also have to acquire
the new knowledge and management skills necessary to implement suc-
cessful alternative practices. If these conditions are met, today’s alternative
farming practices could become tomorrow’s conventional practices, with
significant benefits for farmers, the economy, and the environment.




Agriculture and the Economy

O NE OF THE STRENGTHS OF U.S. AGRICULTURE is the willingness of farm-
ers to adopt proven alternatives. This constant evolution and adop-
tion of new practices has helped the United States become a global leader
in agricultural research, technology, and production. Many of today’s com-
mon practices were the alternative practices of the postwar era. One exam-
ple is monocultural production, which synthetic chemical fertilizers and
pesticides made pessible. The widespread adoption of these alternatives,
referred to internationally as the “Green Revolution,” led to dramatic in-
creases in per acre yield and overall agricultural production in the United
States and many other countries.

The historical pattern is clear: today’s alternatives are tomorrow’s conven-
tions. The cemmittee believes that this is true for many of the agricultural
alternatives described in this report. For example, some farming systems—
such as corn and soybean production using ridge tillage, rotations, and
mechanical cultivation-—include new and old practices and satisfy this com-
mittee’s definition of alternative agriculture (see the boxed article, “Defini-
tion of Alternative Agriculture”). Nonetheless, much can be done to im-
prove most production systems and to accelerate the widespread adoption
of farming methods specifically designed to achieve the goals listed.

This chapter describes the changes in agriculture that have taken place
over the past 40 years in terms of technology and input use, a range of
federal government programs, the economy, and international trade.

Since the 1940s, agriculture has become more specialized and dependent
on purchased off-farm inputs. Technology has facilitated specialization and
constantly increasing yields, with fewer larger farms producing more food
than ever before. Federal policy has responded to the farmer’s needs in the
context of conflicting signals such as high per acre yield goals, surplus

25
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production capacity, environmental considerations, and increased foreign
competition. Although there has been some improveme:it in the farm econ-
omy since the recession of the mid-1980s, unprecedented levels of federal
government support have financed much of this recovery. Disparities re-
main in productive capacities, income, and regional rural economies, even
though total net farm income has reached record levels.

Farming is at the center of the food and fiber sector of the economy.
Farmers are the sole consumers of agricultural inputs and the principal
producerc of the crops that support the multibillion dollar food and fiber
industry. The production, processing, and sale of food and fiber currently
represent about 17.5 percent of the gross national product (GNP) or about
$700 billion in economic activity (Figure 1-1), the second largest sector of
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FIGURE 1-1 Food and fiber sector of the U.S. GNP. source: U.5. Department of Agriculture.
1987. Measuring the Size of the U.S. Food and Fiber System. Agricultural Economic Report
No. 566. Economic Research Service. Washington, D.C.
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DEFINITION OF ALTERNATIVE AGRICULTURE

Alternative agriculture is any system of food or fiber production that
systematically pursues the following goals:

- More thorough incorporation of natural processes such as nutrient
cycles, nitrogen fixation, and pest-predator relationships into the
agricultural production process;

« Reduction in the use of off-farm inputs with the greatest potential
to harm the environment or the health of farmers and consumers;

« Greater productive use of the biological and genetic potential of
plant and animal species;

« Improvement of the match between cropping patterns and the pro-
ductive potential and physical limitations of agricultural lands to
ensure long-term sustainability of current production levels; and

- Profitable and efficient production with emphasis on improved farm
management and conservation of soil, water, energy, and biological
resources.

GNP next to manufacturing (U.S. Department of Agriculture, 1987f) (Figure
1-2). Farming, however, accounts for only about 2 percent of total GNP;
inputs such as seed, equipment, and chemicals account for another 2 per-
cent; and processing, marketing, and retail sales account for nearly 14
percent (U.S. Department of Agriculture, 1986e).

TRADE

Exports of agricultural commodities exploded during the 1970s, from
about $7.3 billion in 1970 to $43.3 billion in 1981. Five major crops led the
way: corn, cotton, rice, soybeans, and wheat (Figure 1-3). By 1981 the
United States controlled 39 percent of total world agricultural trade and
more than 70 percent of world trade in coarse grains, greater than 10 times
the share of its nearest competitor, Argentina. During the 1970s, harvested
wheat acreage increased by more than the total harvested wheat acreage of
Canada (U.S. Department of Agriculture, 1986a; U.S. Office of Technology
Assessment, 1986a). Economic growth in developing nations, the opening
of Pacific Rim markets, grain trade with the Soviet Union, and a favorable
exchange rate that fueled increased demand made this growth possible. A
deliberate domestic policy designed to remove production controls helped
the United States profit from these favorable conditions. The expansion of
cultivated acres of wheat and feed grains, favorable tax provisions and
market prices, and readily available credit helped increase the domestic
supply of major commodities such as wheat, soybeans, corn, and other
coarse grains. Agriculture maintained a favorable annual trade balance,
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FIGURE 1-2 GNP by sector, 1985. Food and fiber sector includes farm sector; food processing;
manufacturing; transportation, trade, and retailing; food; and all other nonfarm sectors.
source: U.S. Department of Commerce. 1987. Survey of Current Business. Washington, D.C.

while almost all other sectors of the economy experienced growing deficits
(Figure 1-4).

From 1981 to 1986, many factors contributed to a decline in agricultural
exports. The loan rates in the federal commodity programs (the price that
the government guarantees farmers) were rigidly set well above interna-
tional market prices. This meant that most farmers sold their grain to the
government at the loan rate (in practice many turn over their grain for
forgiveness of the loan), instead of on the domestic or international market,
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FIGURE 1-3 Value of selected agricultural exports. sources: U.S. Department of Agriculture.
1983. Foreign Agricultural Trade of the United Siates—Annual Supplement—Fiscal Year 1982.
Economic Research Service. Washington, D.C.; U.S. Department of Agriculture. 1987. Foreign
Agricultural Trade of the United States—Annual Supplement—Fiscal Year 1986. Economic
Research Service. Washington, D.C.; U.S. Department of Agriculture. 1988. Foreign
Agricultural Trade of the United States: November/December 1987. Economic Research
Service. Washington, D.C.
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where prices were lower. The U.S. government ended up buying and stor-
ing the largest domestic grain surpluses in history. To compound this, the
early 1980s brought global recession, increased production capacity in de-
veloping countries, an overvalued dollar, restrictive import policies and
export subsidies by major competitors, foreign debt, and surpluses in major
commodities. Agricultural exports fell from $43 billion in 1981 to about $26
billion in 1986 (Figure 1-5).

In 1987, the volume of agricultural exports increased for the first time in 7
years (Figure 1-6). The increase was largely due to a decline in the value of
the dollar, falling world market prices, reduction in federal program loan
rates, and implementation of the export programs of the Food Security Act
of 1985 (U.S. Congress, 1985). Export programs designed to counter foreign
subsidies, guarantee credit, and promote products accounted for 60 to 70
percent of wheat exports, greater than half of the vegetable oil exports, and
about 40 percent of all rice exports in fiscal year (FY) 1987. Most feed grain
and cotton exports were made outside these export programs (U.S. Depart-
ment of Agriculture, 1988b). The value of agricultural exports, however,
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FIGURE 1-4 U.S. agricultural export trends and foreign trade balances. sources: U.S.
Department of Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No.
673. Washington, D.C.; U.S. Department of Agriculture. 1988. The U.S. Farm Sector: How
Agricultural Exports are Shaping Rural Economics in the 1980’s. Agriculiural Information
Bulletin 541. Economic Research Service. Washington, D.C.
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FIGURE 1-5 Value of U.S. agricultural exports by commodity. SOURCE: U.S. Department of
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increased only 7 percent, from $26 billion to about $28 billion in 1987.
Exports are expected to continue to increase to around $33 billion in 1988.
Imports, which have increased steadily since 1972, are expected to remain
constant at about $20 billion, resulting in an increase in the agricultural
trade surplus to about $13 billion in 1988 (Figure 1-7).

AGRICULTURAL INDUSTRIES

Mechanization and specialization increases, declining use of labor, and
closer links with the input and output industries have characterized U.S.
agriculture since World War II. Agricultural productivity measured as out-
put per unit of labor has surpassed that of the nonfarm business sector for
more than a decade (Figure 1-8). Adjusted for inflation, inputs purchased
to produce farm output have increased from approximately $50 billion in
the early 1960s to over $80 billion in the early 1980s. At no other time in
U.S. history have agricultural products generated more income after they
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leave the farm. During the same period, economic activity in these indus-
tries rose from approximately $235 billion to about $450 billion (U.S. De-
partment of Agriculture, 1986e).

Twenty-one million people were employed in the food and fiber economy
in 1985, down from 24.5 million people in 1947 (Figure 1-9). But as a
percentage of the total work force, 41 percent in 1947 were employed in the
food and fiber industry compared to 18.5 percent in 1985. Increases in
employment in other sectors of the economy were largely responsible for
this drop. The percentage of those in the food and fiber sectors working off
the farm increased from about 60 percent in 1947 to nearly 90 percent in
1985. During the same period, the size of the work force involved in farming
fell from about 17 percent, or 10 million workers, to about 2 percent, or 2.5
million workers (U.S. Department of Agriculture, 1987g).

The number of farmers has declined while the total U.S. population has
increased from 151.3 million in 1950 to 226.5 million in 1980. The population
of employed workers increased from 56.2 million in 1950 to 97.6 million in
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FIGURE 1-8 Agricultural productivity measured by output per unit of labor. source: U.S.

Department of Agriculture. 1987. National Food Review. The U.S. Food System—From
Production to Consumption. NFR-37. Economic Research Service. Washington, D.C.
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1980. In contrast, farmers accounted for 6.9 million of all employed workers
(or 12.2 percent) in 1950, and only 2.3 million employed workers (or 2.8
percent) in 1986 (U.S. Department of Agriculture, 1987c). Using about the
same amount of cropland, fewer farmers are feeding an ever-growing pop-
ulation (Figure 1-10). This has been made possible by great increases in per
acre yields resulting from the development and widespread adoption of
fertilizers and synthetic chemical pesticides, improvements in machinery,
and high-yielding varieties of major grain crops. Average yields have in-
creased 2 percent per acre annually since 1948 (U.S. Department of Agricul-
ture, 1986b). Average yields per acre of corn, soybeans, and wheat increased
from 38.2, 21.7, and 16.5 bushels per acre in 1930 to 118, 34.1, and 37.5
bushels per acre in 1985, respectively. Cotton yields increased from 269
pounds per acre in 1950 to 630 pounds per acre in 1985 (U.S. Department
of Agriculture, 1972, 1986d, 1987g). Average annual milk production per
cow increased from 5,314 pounds in 1950 to 13,786 pounds in 1987 (Califor-
nia Department of Food and Agriculture, 1958, 1972, 1987). Poultry produc-
tion rose from about 5 million birds in 1960 to nearly 20 million birds in
1987 (U.S. Department of Agriculture, 1989).

These great increases in yield and production have helped keep the price
of food in the United States low as a percentage of per capita income.
Americans spend only about 15 percent of their total persona! disposable
income on food. This figure is down from about 16.5 percent 10 years ago,
largely because of the relatively rapid rise in personal income. The percent-
age of income spent on food varies greatly with income. Families with
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FIGURE 1-10 Cropland harvested since 1945. source: U.S. Department of Agriculture. 1988.
1988 Agricultural Chartbook. Agriculture Handbook No. 673. Washington, D.C.

before-tax annual incomes of less than $5,000 spend 49.7 percent of those
incomes on food; families with incomes greater than $40,000 spend 8.7
percent (U.S. Department of Agriculture, 1986g, 1987g). Western Europe-
ans, in contrast, spent an average of 23.8 percent of household disposable
income on food in 1983. Families in many less-developed countries spend
well over 50 percent (U.S. Department of Agriculture, 1986h). Since 1980,
the consumer price index (CPI) for food has risen more slowly than the CPI
for all other items (U.S. Department of Agriculture, 1986g) (Figure 1-11).

A decreasing amount of the total spent on food reaches farmers (Figure
1-12). This is a resuit of two factors: (1) the increased consumption of
prepackaged foods and corresponding costs for processing, packaging, mar-
keting, and retailing and (2) the increasing percentage of meals consumed
away from home. In 1987, consumers spent about $380 billion for foods
produced on farms in the United States (Figure 1-13). Preliminary 1987 data
show that farmers received about $90 billion or 25 percent of the $380 billion
spent on all food—the rest went to the food industry (Figure 1-14). As con-
sumers spend more on food, marketers and processors have gained signifi-
cant revenue. The financial returns to the farmer have remained roughly
constant, but represent a shrinking piece of a growing pie. Food marketing
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FIGURE 1-11  Consumer prices for food versus all other consumer goods. source: U.S.

Department of Agriculture. 1986. Food Cost Review, 1985. Agricultural Economic Report No.
559. Economic Research Service. Washington, D.C.
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direct labor costs represented about 50 percent of the total $260 billion
accounted for by the food industry (U.S. Department of Agriculture, 1986g).

The value received at the farm for food sold in supermarkets and grocery
stores declined to about 31 percent of this total, down from 34 percent in
1984 and 37 percent in 1980. Farmers receive only 16 percent of the total

value of food consumed away from home. Expenditures on food consumed
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away from home increased from $84.3 billion in 1980 to $133.3 billion in
1986 (U.S. Department of Agriculture, 1986g).

Inputs

The scientific and technological revolution in agriculture began after World
War I and accelerated after World War II. The first step in this process was
the replacement of draft animals and human labor with tractors and other
machinery. This conversion was virtually complete by 1960 and has contin-
ued with the introduction of larger, faster, and more powerful equipment.
The power of an average tractor increased from 35 horsepower in 1963 to 60
horsepower in 1983 (U.S. Department of Agriculture, 1986f). Since 1940, the
labor required to farm an acre has declined 75 percent while farm output
per acre has doubled. As a result, farm labor is 8 times as productive.
Farming employed 17 percent of the labor force in 1940 and about 2 percent
in 1986. In contrast, employment in farm input industries such as agro-
chemical production, transportation, food processing, and machinery man-
ufacturing has grown significantly during this period.
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FIGURE 1-13 Marketing share of consumer expenditures, farm value, and consumer
expenditures for farm foods. source: U.S. Department of Agriculture. 1988. 1988 Agricultural
Chartbook. Agriculture Handbook No. 673. Washington, D.C.
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Farm value 25 ¢
Marketing bili:

Packaging 8¢ ©

Transportation 4.5¢

Before-tax profits 3¢

Fuel and power 3.5¢

Depreciation 4 ¢ —~—

Advertising 45¢

Rent 3¢ @

Interest (net) 2¢

Repairs 1.5¢

Other 7¢

Labor 34¢

FIGURE 1-14 What a dollar spent on food paid for in 1987. source: U.S. Department of

Agriculture. 1988. 1988 Agricultural Charthook. Agriculture Handbook No. 673. Washington,
D.C.

Fertilizers and pesticides currently account for a far greater share of input
costs for most major crops than they did 30 years ago. This is primarily the
result of widespread adoption of high-yielding seeds that are more respon-
sive to fertilizer applications and continuous cropping that has created
favorable pest habitats in certain crops. A number of federal programs and
policies have encouraged the use of these seed varieties, specialized crop-
ping practices, and fertilizer inputs. For many major commodities, fertilizer
and pesticide costs far exceed other variable costs such as seeds and fuel
(Figure 1-15). The national average cost of fertilizers and pesticides for corn
production in 1986 was about 55 percent of variable costs and 34 percent of
total costs. For soybeans, the figures were 49 and 25 percent and for wheat,
40 and 23 percent. The increasing use of these inputs has been associated
with significant yield increases in major crops. For alternative systems to be
successful and widely adopted, they must not result in significant overall
reductions in yield or profits. The feasibility of alternative systems is dis-
cussed in Chapters 3 and 4 and in the case studies.

FIGURE 1-15 (at right) National average cost of pesticides and fertilizers, seed, and fuel as a
percentage of total variable costs and total variable and fixed costs by major crop, 1985,
sourck: U.5. Department of Agriculture. 1987. Economic Indicators of the Farm Sector: Costs
of Production, 1986. ECIFS 6-1. Washington, D.C.
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Fertilizers

Application of the three principal plant nutrients—nitrogen, phosphorus,
and potassium—has increased steadily over the past 40 years. The biggest
change has been in the use of nitrogen. Previously, farmers provided most
nitrogen to their crops by rotating corn and small grains with leguminous
crops. But as they shifted to growing nitrogen-responsive varieties of corn
continuously or in short rotations with soybeans the demand for nitrogen
has increased. Corn alone accounts for 44 percent of all directly applied
fertilizers in agriculture, while wheat, cotton, and soybeans receive 18 per-
cent combined (U.S. Department of Agriculture, 1987d).

The use of nitrogen, phosphorus, and potassium was roughly equivalent
in 1960 at 2.7, 2.5, and 2.1 million tons, respectively (Figure 1-16). By the
peak of annual fertilizer use in 1981 their respective totals were 11.9, 5.4,
and 6.3 miilion tons. Since 1981, the total use of fertilizer has declined to
slightly more than 19 million tons. This reduction primarily reflects the
large number of acres currently held out of production by government
programs. Nitrogen fertilizer use on a per acre basis continues to rise or
remain steady for most crops (Figure 1-17).

The increased use of nitrogen fertilizer since 1964 has largely been in corn
and wheat (Figure 1-18). These two crops accounted for 35 percent of all
fertilizer use in 1964 and 54 percent in 1985. Fertilizer prices are sensitive to
demand. They increased in the 1970s, peaked in 1981, declined through
1987, and began to increase in 1988. Total net fertilizer sales rose from $1.6
billion in 1970 to $8.6 billion in 1981, falling tc $6.4 billion in 1985 (U.S.
Department of Agriculture, 1987b).

Anhydrous ammonia is often applied as a the ammonium ion, which is held on the
source of nitrogen. The material is stored in  mineral and organic exchange complex. The
liquid form in pressurized tanks. It is usually  blades have been retracted from the soil to
released into the soil in 6- to 8-inch deep demonstrate the release of ammonia.
trenches formed by chisel-type blades. The  Credit: Soil Conservation Service, U.S. Depart-
ammonia reacts with soi! moisture to form ment of Agricuiture.
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FIGURE 1-16 Total consumption of primary plant nutrients. source: U.5. Department of
Agriculture. 1987. Fertilizer Use and Price Statistics, 1960-85. Statistical Bulletin No. 750.
Economic Research Service. Washington, D.C.
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FIGURE 1-17 Nitrogen application rates per acre on major crops. source: U.S. Department
of Agriculture. 1987. Fertilizer Use and Price Statistics, 1960-85. Statistical Bulletin No. 750.
Economic Research Service. Washington, D.C.




42 ALTERNATIVE AGRICULTURE

Other crops

—_—
» -,

-
. - .-
- Sar”

L

NUTRIENT TONS (in millions)

“..-—-‘
Soybeans
—————-—"- '\ — -
“o—— - —

o st i

1964 1967 1970 1973 1976 1979 1982 1985

YEAR

FIGURE 1-18 Total use of nitrogen fertilizer on major crops. sourck: U.S. Department of
Agriculture. 1987. Fertilizer Use and Price Statistics, 1960-85. Statistical Bulletin No. 750.
Economic Research Service. Washington, D.C.
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The increased use of commercial fertilizer during the last four decades
has helped to increase dramatically the per acre yields of agronomic and
horticultural crops. Fertilizers make possible continuous production of ma-
jor crops such as corn and wheat, decrease dependence on animal manures
and leguminous nitrogen for row-crop production, and facilitate the substi-
tution of capital for relatively more expensive inputs such as labor and land,
consequently reducing labor and land requirements to produce a unit of a
crop. Heavy use of most nitrogen and some other fertilizers, however, can
lead to soil acidification, other changes in soil properties, and offsite envi-
ronmental problems. Fertilizers are often overapplied. When this happens,
the total amount of plant nutrients available to growing crops not only
exceeds the need or ability of the plant to absorb them but exceeds the
economic optimum as well. Estimates of crop absorption of applied nitro-
gen range from 25 to 70 percent and generally vary as a function of plant
growth and health and the method and timing of nitrogen application.
Crops are much more likely to make fuller use of properly timed applica-
tions of nitrogen. Unused nitrogen can be immobilized, denitrified, washed
into streams or lakes, or leached from the soil into underground water and
the subsoil (Johnson and Wittwer, 1984; Legg and Meisinger, 1982).

Pesticides

The use of synthetic organic pesticides such as dichloro diphenyl trichlo-
roethane (DDT), benzene hexachloride (BHC), and (2,4-Dichlorophenoxy)
acetic acid (2,4-D) began with great expectations in the 1940s. For the first
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About two-thirds of all insecticides and fun-
gicides are applied aerially, most herbicides in
row crops are applied by spray rigs pulled by
tractors. Citrus groves, such as the one shown
above, may be aerially treated 10 to 20 times
per season with insecticides, fungicides, and
protectant oils. Helicopters are often used be-
cause the turbulence from the main rotor
tends to push the pesticides down toward the
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crop. Fixed-wing aircraft are more commonly
used in field crops such as wheat and cotton.
Tractor spray rigs (bottom} are often used to
apply herbicides in row crops because plant-
ing, fertilizing, and spraying can be accom-
plished in one pass through the field. Credits:
U.S. Department of Agriculture (top); John
Colweil from Grant Heilman [bottom).
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time, satisfactory control of agricultural pests seemed possible. Substituting
lower-priced chemicals for higher-priced, labor-intensive weed and insect
control methods and pest-reducing practices such as rotations immediately
reduced labor needs and increased the effectiveness of control and yields.
Ultimately, pesticides reinforced agricultural trends such as increasing farm
size and decreasing diversification.

The total pounds of pesticide active ingredients applied on farms in-
creased 170 percent between 1964 and 1982, while total acres under culti-
vation remained relatively constant. Herbicide use led the way, from 210
million pounds in 1971 to a peak of 455 million pounds in 1982 (U.S.
Department of Agriculture, 1984) (Figure 1-19). In 1985, 95 percent of the
corn and soybean acreage was treated with herbicides, compared to about
40 percent in 1970. As a percentage of total pesticide pounds applied,
herbicides rose from 33 percent in 1966 to 90 percent in 1986 (U.S. Depart-
ment of Agriculture, 1970, 1986¢c; U.S. Environmental Protection Agency,
1986b). During that time, insecticide use declined while fungicide use held
steady. Total pesticide use has declined from more than 500 million pounds
of active ingredients in 1982 to about 430 million pounds in 1987. Land
idled from production and the introduction of newer products that are
applied at a lower rate per acre are largely responsible for this decline (U.S.
Department of Agriculture, 1988a).

The total dollar value of the domestic agricultural pesticide market is
about $4.0 billion. Herbicides represent the largest share of the market at
about $2.5 billion, followed by insecticides at about $1.0 billion, and fungi-
cides at about $265 million (National Agricultural Chemicals Association,
1987). Because of the size of the herbicide market and increased understand-
ing of plant physiology and biochemistry, herbicides are the most dynamic
sector of the pesticide industry. A number of new active ingredients were
introduced in 1986 and 1987 (Figure 1-20). As a result, the herbicide market
is currently highly competitive, particularly for use on corn, soybeans,
wheat, and cotton.

The greatest volume of pesticides is applied to field crops. About 90
percent of all herbicides and insecticides are applied to just four crops: corn,
cotton, soybeans, and wheat (U.S. Department of Agriculture, 1986¢) (Fig-
ures 1-21 and 1-22). in 1986, corn alone accounted for 55 percent of all
herbicides and 44 percent of all insecticides used on field crops. Corn
replaced cotton as the leader in insecticide use in 1982. Nearly half the total
pounds of pesticides applied in the nation are used in corn production
(U.S. Department of Agriculture, 1986¢). Soybeans receive about 25 percent
of all herbicides, and cotton about 25 percent of all insecticides. Insecticides
are also widely used in alfalfa, tree fruit, nut, and vegetable production.

Fungicides are primarily used as a seed treatment and to protect fruits
and vegetables during production and after harvest. Fungicide use in pea-
nuts and wheat declined between 1976 and 1986, primarily as a result of
improved varieties and integrated pest management (IPM) systems, al-
though total fungicide use remained steady (U.S. Department of Agricul-
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FIGURE 1-19 Herbicide, insecticide, and fungicide use estimates. sources: U.S. Department
of Agriculture. 1974. Farmers’ Use of Pesticides in 1971. Agricultural Economic Report No.
252. Econumic Research Service. Washington, D.C.; U.S. Department of Agriculture. 1978.
Farmers’ Use of Pesticides in 1976. Agricultural Economic Report No. 418. Economic Research
Service. Washington, D.C.; U.S. Department of Agriculture. 1983. Inputs—Qutlook and
Situation Report. I05-2. Economic Research Service. Washington, D.C.; U.S. Department of
Agriculture. 1984. Inputs—Outlook and Situation Report. I0S-6. Economic Research Service.
Washington, D.C.; U.S. Department of Agriculture. 1987. Agricultural Resources—Inputs—
Situation and Outlook Report. AR-5. Economic Research Service. Washington, D.C.; U.S.
Department of Agriculture. 1988. Agricultural Resources—Inputs—Situation and QOutlook
Report. AR-9. Economic Research Service. Washington, D.C.
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ture, 1987b). Fungicides now account for less than 10 percent of all pesti-
cides applied in agriculture.

The introduction and acceptance of new fungicides has been relatively
slow compared with those of herbicides and insecticides (see Figure 1-20).
Only five fungicides introduced since 1975 have gained more than 5 percent
of the market for any major food crop. Target pests tend to develop resis-
tance to most new, ma:e specific fungicides. Consequently, these fungicides
work best in combination with older broad-spectrum substances. This is
particularly true in humid areas with great pest pressure such as the South
and East. In these regions, current methods of production would not be
possible without chemical fungicides.

The adoption of IPM strategies and the increased use of synthetic pyre-
throid insecticides, which are applied at about one-tenth to one-fourth the
rate of traditional insecticides, have significantly reduced the total pounds
of insecticides applied. This decreased use is particularly true for certain
crops. Reductions in insecticide use are mainly derived from IPM programs

11
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FIGURE 1-20 Number of herbicides, insecticides, and fungicides registered under FIFRA,
1973-1987. source: U.S. Environmental Protection Agency. 1988. Chemicals Registered for

the First Time as Pesticidal Active Ingredients under FIFRA (including 2 (C){(7)(A)
Registrations). Washington, D.C.
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FIGURE 1-21  Herbicide use estimates on corn, cotton, soybeans, and wheat. sources: U.S.
Department of Agriculture. 1974. Farmers’ Use of Pesticides in 1971. Agricultural Economic
Report No. 252. Economic Research Service. Washington, D.C.; U.S. Department of
Agriculture. 1978. Farmers’ Use of Pesticides in 1976. Agricultural Economic Report No. 418.
Economic Research Service. Washington, D.C.; U.S. Department of Agriculture. 1983. Inputs—
Outlook and Situation Report. I0S-2. Economic Research Service. Washington, D.C.; U.S.
Department of Agriculture. 1984. Inputs—Outlook and Situation Report. 105-6. Economic
Research Service. Washington, D.C.; U.S. Department of Agriculture. 1987. Agricultural
Resources—Inputs—Situation and Outlook Report. AR-5. Economic Research Service.
Washington, D.C.; U.S. Department of Agriculture. 1988. Agricultural Resources—Inputs—
Situation and Outlook Report. AR-9. Economic Research Service. Washington, D.C.
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FIGURE 1-22 Insecticide use estimates on corn, cotton, soybeans, and wheat. SOURCEs: U.S.
Department of Agriculture. 1974. Farmers’ Use of Pesticides in 1971. Agricultural Economic
Report No. 252. Economic Research Service. Washington, D.C.; U.S. Department of
Agriculture. 1978. Farmers’ Use of Pesticides in 1976. Agricultural Economic Report No. 418.
Economic Research Service. Washington, D.C.; U.S. Department of Agriculture. 1983. Inputs—
Outlook and Situation Report. 10S-2. Economic Research Service. Washington, D.C.; U.S.
Department of Agriculture. 1984. Inputs—Qutlook and Situation Report. iCS-6. Economic
Research Service. Washington, D.C.; U.S. Department of Agriculture. 1987. Agricultural
Resources—Inputs—Situation and Outlook Report. AR-5. Economic Research Service.
Washington, D.C.; U.S. Department of Agriculture. 1988. Agricultural Resources—Inputs—
Situation and Outlook Report. AR-9. Economic Research Service. Washington, D.C.
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in cotton, alfalfa, peanuts, and apples. Largely because of the success of
IPM in cotton, insecticide applications to field and forage crops declined 45
percent between 1976 and 1982.

Antibiotics

Livestock and poultry producers have used antibictics in animal produc-
tion for the past 35 years. Antibiotic use in agriculture increased from
440,000 pounds in 1953 to 9.9 million pounds in 1985 (Figure 1-23). The
most common agricultural use of these drugs is their subtherapeutic incor-
poraticn into animal feed. Use of antibiotics in animal feed improves the
feed efficiency and growth rate of livestock. Approximately 80 percent of
the poultry, 75 percent of the swine, 60 percent of the beef cattlc, and 75
percent of the dairy calves raised in the United States have been fed antibi-
otics at some time in their lives. About 36 percent of the antibiotics pro-
duced in the United States each year are fed or administered to animals
(Hays et al., 1986; Institute of Medicine, 1989).
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FIGURE 1-23 U.5. antibiotic production and use in animal feed. Only total production was
recorded after 1979. sources: U.S. International Trade Commission. 1987. Synthetic Organic
Chemicals: United States Production and Sales. Washington, D.C.; National Research Council.
1980. The Effects on Human Health of Subtherapeutic Use of Antimicrobials in Animal Feeds.
Washington, D.C.: National Academy Press.
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The routine feeding of antibiotics to control disease has facilitated special-
ization, the use of feedlots and confinement facilities, and the concentration
of many animals under sne manager in a small area (Council for Agricul-
tural Science and Technology, 1981). While there is disagreement on the
necessity of feeding antibiotics as a simple function of confinement, there
is ample documentation that control of diseases more prevalent in close
confinement facilities v/ill increase animal performance (Curtis, 1983). The
routine use of feed ar.timicrobials in confined animal units is a common
practice in most regions.

Concerns that feediag animals subtherapeutic doses of antibiotics could
lead to antibiotic-resistant bacteria led the U.S. Food and Drug Administra-
tion (FDA) in 1977 "o propose regulations revoking nearly all approved
subtherapeutic uses of penicillin and the most common forms of tetracy-
cline. Final action vemains delayed pending the results and analysis of
additional research requested by the Congress (Hays et al., 1986). Results
to date show that ‘ood animals appear to be the largest single source of
resistant salmonelliie, although documented incidence of the development
of resistant strains and their transmission to humans is rare. In the interim,
subtherapeutic feeding of antibiotics has increased (see Figure 1-23). In
Europe and Japar, concerns about overuse and misuse of antibiotics and
the potential for t acterial resistance have led to restrictions limiting antibi-
otics to use by veterinarians or by prescription. Proposals in the United
States to limit diug use to the discretion of veterinarians have met with
opposition from 'ivestock producers and drug manufacturers.

Irrigation

Agriculture acrounts for 85 percent of all consumptive use of water, which
is use that makes water unavailable for immediate reuse because of evapo-
ration, transpiration, incorporation into crops or animals, or return to
groundwater or surface water sources. Ninety-four percent of agricultural
water is used foi' irrigation, 2 percent for domestic use, and about 4 percent
for livestock. Or, average, agricultural irrigation used about 138 billion gal-
lons of water p:r day in 1985. During the growing season this level can
exceed 500 billion gallons per day (U.S. Department of Agriculture, 1987a).
From 1950 to 1978, 25 million additional acres came under irrigation (U.S.
Department of Agriculture, 1986b) (Figure 1-24). Total irrigated acreage
peaked at slightly more than 50 million acres in 1978, declining to just under
45 million acres 'n 1983. Since then, total irrigated acreage has remained
steady, although ihe composition has changed slightly; irrigated acreage in
the West has deciined, while irrigated acreage in the East has increased.
Ninety-four percent of all irrigated acres are in 17 western and 3 southeast-
ern states. Total irrigation water withdrawals (the amount of water used for
irrigation) declined n 1985 for the first time since 1950 (U.S. Department of
Agriculture, 1987a).\

Irrigation in some ayeas makes farming possible; in others it supplements

.
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FIGURE 1-24 Irrigated agricultural land. sources: U.S. Department of Agriculture. 1988.
1988 Agricultural Chartbook. Agriculture Handbook No. 673. Washington, D.C.; U.S.
Department of Agriculture. 1986. Agricultural Resources—Cropland, Water, and
Conservation—Situation and Outlook Report. AR-4. Economic Research Service. Washington,
D.C.

rainfall. In all cases the use of irrigation results in higher and more consis-
tent yields than regional and national average nonirrigated yields (Table 1-
1). In many cases the results are dramatic (U.S. Department of Agriculture,
1986b). The 13 percent of cropland that is irrigated accounts for more than
30 percent of the value of crops produced. The high unit value of many
crops produced with irrigation, as wel! as the high yields for irrigated grain
crops, are responsible for this disparity.

The use of groundwater for irrigation increased 160 percent from 1945 to
1980. Surface water used for irrigation increased 50 percent during that
time. The rapid expansion of irrigated acreage during the 1970s relied
almost exclusively on the pumping of groundwater. Center pivot irrigation
systems, which rely on groundwater, accounted for the largest increase of
irrigated acreage of any irrigation system. These systems were used on 3.4
million acres in 1974 and 9.2 million acres in 1983. Nebraska experienced a
1 million acre increase in center pivot irrigation between 1974 and 1983 and
currently accounts for 51 percent of all irrigated corn acreage (U.S. Depart-
ment of Agriculture, 1985c, 1987h). Increased pumping costs due to over-
drawing of aquifers and increased energy costs associated with deregulation
of natural gas used for pumping in Texas and Oklahoma have caused the
recent decline in irrigated acres. Energy costs for on-farm pumping of
groundwater rose 352 percent between 1974 and 1983 (U.S. Department of
Agriculture, 1985c).
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TABLE 1-1 Average Dryland and Irrigated Yields
Dryland Yields* lrrigated Yields® Ratio of Irrigated

Crop (per acre) (per acre) to Dryland Yields

Corn for grain 106.0 137.0 1.29
(bushels)

Wheat 32.0 69.0 2.16
(bushels)

Sorghum for grain 54.0 93.0 1.72
(bushels)

Barley 48.0 81.0 1.69
(busheis)

Cotton 0.9 17 1.89
(bales)

Soybeans 31.0 36.0 1.16
(bushels)

Potatoes 83.0 333.0 4.01
(hundredweight)

“In the contiguous United States, 1982.
*From 20 principal irrigated states with 95 percent of all irrigated acres, 1984.

sources: U.5. Department of Agriculture. 1986. Agricultural Resources—Cropland, Water, and
Conservation—Situation and Outlook Report. AR-4. Economic Research Service. Washington,
D.C.; U.S. Department of Agricuiture. 1987. U.S. Irrigation—Extent and Economic Importance.
Agriculture Information Bulletin No. 523. Economic Research Service. Washington, D.C.

By 1984, irrigators obtained roughly equal amounts of water from under-
ground and surface sources. About 44 percent of all irrigation water is from
on-farm groundwater pumping, about 12 percent is from on-farm surface
water supplies, and about 44 percent is from off-farm suppliers such as
irrigation districts and private water companies (U.S. Department of Agri-
cuiture, 1986b). More than 85 percent of the additional irrigated acres in the
past 30 years has been on land not served by the Bureau of Reclamation.
The principal factors behind the increase in irrigated acres over the past two
decades have been private investment stimulated by federal policies, whizh
have included high commodity support prices, tax incentives that include
investment credits and accelerated depreciation for equipment, water deple-
tion allowances, and cheap credit. During the 1970s, about 80 percent of
irrigation investment involved private funds.

Most of the recent increases in irrigation have come in crops supported
by the Commodity Credit Corporation (CCC). Irrigation of these crops,
primarily corn and wheat, increased by more than 8 million acres in the
Great Plains between 1954 and 1982. This had a great impact on the pro-
duction of these crops because irrigation generally boosts yields from 40 to
100 percent over similar nonirrigated acreage (U.S. Department of Agricul-
ture, 1986b) (see Table 1-1). Corn and wheat have developed large surpluses
in recent years. Increased productivity on irrigated lands has significintly
contributed to these surpluses.
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Federal efforts to reduce production are often hampered by programs or
policies that encourage irrigation and its resulting high per acre yields.
Between 1976 and 1985, an average of 3.7 million acres served by the Bureau
of Reclamation were producing crops already in surplus. In 1986, growers
producing surplus crops on the land received more than $200 million in
federally subsidized water, in addition to federal income and price supports
(U.S. Congress, 1987).

About 12 percent of all corn and nearly 7 percent of all wheat acres are
irrigated (Table 1-2). The yield on irrigated corn acres is about 29 percent
greater than national average dryland yields; for wheat, the yield is 116
percent greater. The 29 percent increase in yield on the 9.6 million irrigated
acres of corn produced 298 million additional bushels of corn compared
with national average yields on the same acres. Irrigated wheat acres pro-
duced nearly 170 miliion bushels over the average yield on the 4.6 million
irrigated acres. The difference between irrigated and nonirrigated yields in
regions where irrigation is common is far greater than this. Thus, the
increase in production over actual nonirrigated corn and wheat production
in these regions is likely tc be higher than the 298 and 170 millior bushel

TABLE 1-2  Harvested Irrigated Cropland and Pastureland,” 1982

Irrigated Share
Acreage (percent) of Share (percent) of
Type of Land (in thousands)  Crop Irrigated  Total Irrigated Acres
Cropland”
Corn 9,604 12.3 19.3
Sorghum 2,295 17.0 4.6
Wheat 4,650 6.6 93
Barley and oats 2,008 11.8 4.2
Rice 3,233 100.0 6.5
Cotton 3,424 35.0 6.9
Soybeans 2,321 3.6 47
Irish potatoes 812 64.0 1.6
Hay 8,507 15.0 17.1
Vegetables and melons 2,024 60.7 4.1
Orchard crops 3,343 70.4 6.7
Sugar beets 550 53.2 11
Other* 2,428 17.9 4.9
Subtotal 45,289 13.4 91.0
Pastureland 4,499 0.9 9.0
Total’ 49,788 6.1 100.0

“In the contiguous United States.

*Cropland is land on farms used for crops.

‘Includes peanuts; dry tobacco; edible beans; and the minor acreage crops of rye, flax,
sunflower, sugarcane, and dry edible peas.

“Figures may not add due to rounding. Irrigated cropland total includes 932.000 acres of double-
cropped land.

SOURCE: U.S. Department of Agriculture. 1987. U.S. Irrigation—Extent and Economic Importance.
Agriculture Information Bulletin No. 523. Economic Research Service. Washington, D.C.




LY ) ALTERNATIVE AGRICULTURE

figures. In many cases, these acres would not be planted without irrigation.
Irrigation, in turn, often would not be profitable without government tax
policies, low-cost credit, and high price supports and income support pay-
ments for these crops.

Irrigation is expected to expand in the East and other areas to supplement
rainfall, increase yields, and reduce yield variability. In the arid West and
Great Plains, however, irrigation will probably stabilize or decline for the
remainder of the century because of the cost of water projects and cunpe-
tition with urban users for supply. Improved managerment and conservation
practices will probably sustain irrigated agriculture in these areas. But de-
clining commodity prices, changes in the tax code, and the rising demand
for other uses of water in arid areas will curtail new investment in irrigated
agriculture in regions where irrigated agriculture flourished in the past.

THE STRUCTURE OF AGRICULTURE

The total number of farms, which are defined as places with actual or
potential sales of agricultural products of $1,000 or more, declined from 5.9
million in 1945 to slightly more than 2.2 million in 1985 (U.S. Department
of Agriculture, 1987c). It is noteworthy, however, that even in the farm
recession of the mid-1980s, the decline in the number of farms between
1980 and 1986 (a loss of 220,050 farms, or 11 percent of all farms) was far
less than that which occurred in the 1950s (1.6 million farms, or 28 percent
of all farms) or the 1960s (960,000 farms, or 24 percent of all farms) (U.S.
Department of Agriculture, 1987c). Total harvested acres have remained
relatively constant at approximately 340 million acres, indicating that aver-
age farm size has aimost tripled. Although individuals and their families
operate most farms, the growth in average farm size has been largely at the
expense of the small farm with a full-time operator. Fifteen to 20 percent of
all farms produce more than 80 percent of all output. Three-quarters of all
farm households generate off-farm income.

Increases in farm size have been accompanied and made possible by
increased specialization and substitution of purchased inputs for labor and
land. At the end of World War II, most farms in the Midwest, Great Lakes,
Northeast, and parts of the South were diversified crop-livestock opera-
tions. High-density animal confinement was rare. Most farmers produced
forage and feed grai."s for their animals, which required longer crop rota-
tions and less use of some purchased inputs, particularly fertilizers. Most
farmers returned animal manure to the land. Far fewer insecticides and
almost no herbicides were used. Pests were controlled through rotations,
cultivation, anu a variety of cultural and biological means.

Cattle and hog production clearly illustrate the relationship among in-
creasing specializa:ion; changing distribution of farm income among large
and small producers and regions; and changing cropping patterns, farm
size, and management techniques. Specialization and the increased use of
feedlots and confinement rearing have made cattle rearing possible
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Most beef cattie are fed or finished in feed- Low-cost feed grains and consumer prefer-
lots, where they eat high-energy grain ra- ence for marbled (higher fat} grain-fed beef
tions. Cattle enter feedlots between the ages  led to the groliferation of feedlots in the 1960s
of 7 and 12 months, weighing between 450 and 1970s. Large feedlots offer economies of
and 800 ponds. Most cattle are slaughtered  scale but may also create problems with dis-
between the ages of 15 and 24 months, ease control and manure disposal. Credit:
weighing between 1,000 and 1,200 pounds.  Grant Heilman.

throughout the nation. Beef cattle and hog production have become concen-
trated in large enterprises. Although the Corn Belt accounted for almost 50
percent of cattle feed in 1950, this fell to 22 percent in 1979. Meanwhile, the
Central and Southern Plains and the Southwest increased production from
500 to 1,000 percent.

Part-time beef cattle operations with sales of $20,000 to $100,000 captured
56 percent of the market in 1969, while very large operations with sales
greater than $500,000 had only 22 percent of the market (Figure 1-25). By
1982, the very large operations controlled 62 percent of the market; part-
time operations accounted for only 12 percent {U.S. Office of Technology
Assessment, 1986b). Hog production is showing the same trend. Part-time
farm sales went from 61 percent in 1969 to 28 percent in 1982. The share of
large and very large operators increased from about 5 percent to about 40
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FIGURE 1-25 Percentage of cattle sales by size of operation (in 1969 dollars). Size of operation
is determined by annual cattle sales: small, <$20,000; part-time, $20,000-99,999; moderate,
$100,000-199,999; large, =$200,000-499,999; very large, =$500,000+. SOURCE: Office of
Technology Assessment. 1986. Technology, Puplic Policy, and the Changing Structure of
American Agriculture. Washington, D.C.
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FIGURE 1-26 Percentage of hog and pig sales by size of operation (in 1969 dollars). Size of
operation is determined by annual hog and pig sales: small, <$20,000; part-time, $20,000-
99,999; moderate, $100,000-199,999; large, $200,000-499,999; very large, =$500,000+. SOURCE:
Office of Technology Assessment. 1986. Technology, Public Policy, and the Changing Structure
of American Agriculture. Washington, D.C.
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percent of sales during that time (Figure 1-26). The dairy industry’s small-
farm market share declined from 66 to 41 percent between 1969 and 1982.
The commercial broiler industry has moved almost entirely to vertical inte-
gration, with virtually all chickens going from egg to market without chang-
ing ownership. The egg and turkey industries are also moving in this direc-
tion.

REGIONAL DISTINCTIONS

The diversity of climatic, environmental, and economic conditions in the
United States makes it essential to look beyond aggregate national agricul-
tural trends and focus on the specifics of various regions. Needs and prob-
lems differ considerably among regions, and any effort to understand U.S.
agriculture must address these differences. Types of farms and management
also differ across the nation. The agricuitural practices and needs of the
coastal regions and southern parts of the country are quite different from
those of the north and west. Dry, hot areas that depend on irrigation stand
in contrast to cooler, more humid regions dependent on rainfall.

The U.S. Department of Agriculture (USDA) has identified nine represen-
tative agricultural regions based on data from the 1980 Census and the 1982
Census of Agriculture (Figure 1-27). Three basic criteria were used to iden-
tify these regions: the commodities produced and the resource base; the
percentage of farms with sales between certain levels; and the degree of
agricultural and nonagricultural economic integration. Although these
regions omit large parts of the country, they illustrate important differences

among principal agricultural areas. The USDA identified the following rep-
resentative regions:

California Metro * Southeast Piedmont

Coastal Plains * Western Corn Belt-Northern Plains
Core Corn Belt * Western Great Plains

Delta * Wisconsin-Minnesota Dairy Area

* Eastern Highlands

Farm size and average sales per farm vary by region. In the Eastern
Highlands, the average farm is 121 acres; on the Great Plains, the average
farm is 2,334 acres (Table 1-3). Average annual farm sales are also quite
different, ranging from $13,064 and $35,396, respectively, in the Eastern
Highlands and the Southeast Piedmont, to $94,080 and $167,124, respec-
tively, in the Western Great Plains and the California Metro. In the Core
Corn Belt, the Wisconsin-Minnesota Dairy Area, and the Western Corn Belt-
Northern Plains regions, farms reporting sales of $40,000 to $250,000 ac-
count for between 50 and 65 percent of farm sales (Table 1-4). In California,
12 percent of all farms with sales more than $250,000 account for 85 percent
of farm sales. At the same time, however, in California, the greatest per-
centage of farms have sales between $1,000 and $9,999.




Western Great Plains. Typically, farms Waestern Corn Belt-Northern Plains. Most Wisconsin-Minnesota Dairy Area. As its

here have iarge acreages, and low rates farmers here work full-time on their farms. name indicates, it relies heavily on dairy

of part-time farming and off-farm Overall, this area looks more to sales. A reiatively iow proportion of
employment. The farm population relies farming as a source of income than any of production comes from large farms, and
more heavily on tarming for its income the other regions. Farmers also comprise fewer than 30 percent of farmers hold full-time
than is the case in seven of the eight the largest proportion of the total rural jobs off the farm. The farm population here
other regions. population {nearly a third) in this region. is more dependent on income from farming

than in many other regions.

Eastern Highlands,
Characterized by very
low sales per farm, it has
a very high percentage of
total sales coming from
small farms. Farm
operators are more likely
here to work fuli-time off
the tarm, so farm
households are not very
dependent on farm
income,

California Metro. its
farm income is mostly
derived from sales of
fruits, vegetables, and
other crops not
covere.d by the
government'’s major
commodity programs.
It has a very large
average farm size
and a high proportion
of sales from large
farms. its mobile farm

population includes Southeast Piedmont.
many people who were Thigs area relies less on
sales of farm

residents of another
county 5 years earlier—
almost twice the national
average.

program crops or dairy
products than other
areas. it surpasses ali
other regions with the
highest proportion of
operators having full-time
off-tarm jobs. Farming
provides a below-
average portion of total
household income.
Farmers make up a fairly
small part of the rural
population.

Core Comn Belt. Farm program
crops provide most farm sales.

Most farmers are {ull-time operators,
which means they do not hold even
part-time jobs off the farm. Although
the region's farm population (which
includes everyone who lives on a
farm) earns more than half its
income from nonfarm sources,

many families rely mainly on farm Delta. Of all the areas studied, it is the most dependent Coastal Plains. In many ways,

income, and they make up much of on sales of farm program craps, which provided 85 percent this region is similar to the

the rural population. of gross farm income in 1982. Although less than 30 percent national averags. But it doss rely
of its farm operators work full-time off the farm, the more heavily on sales of farm
percentage of the region's total farm population program crops and less on dairy
employed outside agriculture is about 54 percent, the sales. The percentage of its
national average. farmers working fuil-time off the

farm is about average, but the
FIGURE 1-27 Characteristics of nine farming regions. SOURCE: D. area is less dependent on farm

income than most of the other

Martinez. 1987. Wanted: Policies to Cope with Differences in Farming regions.

Regions. Farmline 8(11):11-13.

8s



AGRICULTURE AND THE ECONOMY 59

TABLE 1-3 Diversity of U.S. Farming Regions

Percentage of Farm Income as Share
Average Farm Operators  Average Sales  of Total Income of
Farm Size  With Full-Time, per Farm Farm Population

Region (acres) Off-Farm Jobs (dollars) (percent)
Wisconsin-

Minnesota

Dairy Area 202 28 58,585 35.4
Core Corn Belt 294 28 73,944 37.4
Delta 481 29 87,042 29.5
Eastern Highlands 121 46 13,064 15.4
Western Great

Plains 2,334 24 94,080 37.8
Western Corn

Belt-Northern

Plains 622 17 86,111 47.2
Coastal Plains 260 37 64,500 20.8
Southeast

Piedmont 143 50 35,396 18.0
California Metro 362 41 167,124 25.2

United States 440 38 58,857 27.0

sOUurRCE: U.S. Department of Agriculture. 1988. Regional Characteristics of U.S. Farms and
Farmers in the 198("s. ERS Staff Report No. AGES880128. Economic Research Service.
Washington, D.C.

All regions depend significantly on income from major program crops
(those for which federal price and income support programs exist) or live-
stock operations that rely on feed grains and oilseeds produced by crop
farms (Table 1-5). Even California has a significant stake in the farm pro-
grams. Rice, cotton, wheat, corn, and dairy farmers in the state account for
about 40 percent of gross agricultural income. Some regions depend on one
program commodity, while others are more diversified. Only California
shows diversity and moderate dependence on program crops.

The effect of commodity policy on regional economies, land use patterns,
and farm structure is very different from region to region. These differences
are accentuated by the diversity or interdependence of agricultural opera-
tions within regions. For example, the effect of a change in corn prices is
quite different depending on whether a person is a corn producer, 4 hog
farmer who is a corn consumer, or a farmer producing corn and hogs. The
effect of farm policy on the overall regional economy is, in turn, a function
of the importance of agriculture to the region and the nature and scope of
agricultural input, food processing and marketing, and transportation in-
dustries.

In no region was the total farm income more than 50 percent of the total
income of the farm population (see Table 1-3). The percentage was the
highest in the Western Corn Belt-Northern Plains region at 47.2 percent,
followed by the Western Great Plains at 37.8 percent, the Core Corn Belt at




TABLE 1-4 Farm Sales for Selected Agricultural Subregions, 1982 (in percent)

Wisconsin- Core Western  Western
Minnesota  Corn Eastern Great Corn Belt- Coastal Southeast Califcrnia  United
Item Dairy Arez.  Belt Delta Highlands Plains Northern Plains  Plains Piedmont Metro States
Farms with sales of:
<$1,000 6.0 4.0 9.6 13.8 6.8 2.5 10.1 21.2 171 11.3
$1,000-9,999 249 217 31.0 62.7 22.6 14.4 36.1 51.2 329 37.7
$10,000-39,999 254 27.3 19.5 17.6 28.8 29.3 27 125 18.6 227
$40,000-99,999 271 24.9 15.4 3.8 23.5 30.6 14.2 5.6 10.9 14.9
$100,000-249,999 14.1 17.2 14.9 1.7 13.5 18.0 11.3 6.4 8.8 9.6
=$250,000 2.6 49 9.6 0.5 49 5.3 5.8 31 11.7 3.9
Sales from farms
with sales of:
<$1,000 a a “ 0.4 g 4 “ 0.2 ‘ 0.1
$1,000-9,999 1.9 1.4 15 20.0 1.1 0.8 2.3 5.1 0.8 2.6
$10,000-~39,999 9.8 8.4 4.8 26.1 7.0 8.1 7.5 6.9 2.4 8.3
$40,000-99,999 30.8 222 11.8 18.5 16.0 23.2 14.4 10.5 4.2 16.5
$100,000-249,999 34.8 353 27.2 18.0 21.7 31.2 27.7 28.7 8.4 249
=$250,000 227 32.8 54.7 17.0 54.2 36.6 48.1 48.7 84.3 47.7

ALess than 0.05 percent.
sourcg: U.S. Department of Agriculture. 1988. Regional Characteristics of U.S. Farms and Farmers in the 1980’s. ERS Staff Report No. AGES880128.

Economic Research Service. Washington, D.C.
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TABLE 1-5 Major Agricultural Sources of Gross Farm Income for Selected Agricultural Subregions,” 1982

Wisconsin-  Core Western = Western
Sales Minnesota  Corn Eastern Great Corn Belt- Coastal Southeast California  United
Ranking Dairy Area Belt Delta Highlands  Plains Northern Plains  Plains Piedmont Metro States
1 Dairy Corn Soybeans  Cattle Cattle Cattle Poultry Poultry Fruits Cattle
(53.9) {26.7) (36.4) (25.6) (57.4) (29.1, (20.0) (58.5) (24.4) (24.4)
2 Cattle Cattle Cotton Tobacco Wheat Corn Tobacco Dairy Vegetable  Dairy
(12.9) (23.7) (22.2) (24.0) (14.9) (18.9) (17.4) (10.6) (14.7) (12.3)
3 Corn Hogs Rice Dairy Corn Wheat Soybeans Cattle Dairy Corn
(11.1) (21.0) {18.6) (23.8) (5.3) (13.0) (12.4) 8.9 (14.2) (10.5)
4 Hogs Soybeans  Wheat Poultry Cotton Hogs Hogs Soybeans  Cattle Soybeans
(6.9) (17.9) (10.5) (5.0) (4.0 (12.6) (10.3) (5.5) (11.7) 8.1

“Numbers in parentheses represent percentages of total farm sales accruing from each commodity.

source: U.S. Department of Agriculture. 1988. Regional Characteristics of U.S. Farms and Farmers in the 1980’s. ERS Staff Report No. AGES880128.

Economic Research Service. Washington, D.C.
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37.4 percent, and the Wisconsin-Minnesota Dairy Area at 35.4 percent.
These figures do not include income from rents and interest, which average
from 7 to 11 percent for all regions. They also mask the degree to which
individual households within regions rely on income from farming. Ap-
proximately 46 percent of all U.S. farm households derive 50 percent or
more of their income from farming. Nonetheless, these figures reflect the
growing importance of off-farm income to the economic well-being of farm
families. They indicate that farm families are like most other families—both
adults work. Two of these four regions, the Wisconsin-Minnesota Dairy
Area and thc Western Great Plains, as well as the Southeast Piedmont,
generate more than 50 percent of their gross farm income from the sale of
one commodity (see Table 1-5). The significance of this dependence is far
less in the Southeast Piedmont region because agriculture is less vital to the
regional economy.

The Delta states, on the other hand, appear more diversified but noriethe-
less remain dependent on federal commodity programs. Soybear.s, for
which the government sets a support price or loan rate, and three conmod-
ity program crops—cotton, rice, and wheat—generate more than 85 percent
of all agricultural gross income in the region. Prospective changes in com-
modity programs and market demand for these crops will directly affect
growers and the region’s economy because agricultural input and output
industries are significant sources of income.

The Western Corn Belt-Northern Plains and Core Corn Belt show the
direct and indirect influence that farm policies can have on regions depen-
dent on the farm sector economy. Farmers in these regions derive a large
part of gross farm income from beef cattle, hogs, feed corn, and soybeans.
Changes affecting one commodity are felt across the entire agricultural
economy. Higher feed grain prices will increase the average feed prices for
livestock producers, which may influence meat prices and, ultimately, con-
sumer demand. For many producers who raise crops and livestock, the
results will be mixed. Because these regions depend on farming as a prin-
cipal source of overall income, the fortunes of the agricultural economy are
felt throughout the regional economy. This was clearly demonstrated in the
farm recession of the mid-1980s. Feed grain producers and suppliers of
machinery and inputs to these farmers were stressed; livestock producers
benefited from the availability of relatively inexpensive feed.

By contrast, California farmers are less influenced by federal commodity
programs, particularly farmers specializing in fruit and vegetable produc-
tion. More than half of California’s agricultural gross income is from non-
program crops. These growers, however, are concerned with other federal
and state policies affecting the viability of their operations, including mar-
keting orders, trade policy, food safetv regulations, and environmental pol-
icies. Federal cosmetic and grading standards for fruit and vegetables sig-
nificantly influence pest management practices. Producers of these specialty
high-value crops dominate the California agricultural economy, generating
additional economic activity in the form of processing, packaging, market-
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ing, and transportation. As a result of widespread production of high-value
crops and significant agriculture-urban integration, average farm income
and per acre value of agricultural land and buildings are high compared to
those in other regions (Tables 1-3 and 1-6).

The mediar income of the farm population is well above the average U.S.
household income in three regions: the Wisconsin-Minnesota Dairy Area,
Core Corn Belt, and California Metro. In four regions, the California Metro,
Core Corn Belt, Delta, and Southeast Piedmont, the median farm house-
hold income is higher than that of all other households in the region. The
Delta and Eastern Highlands had the lowest median income for farm house-
holds of the nine regions. In the Delta, however, median farm income was
11 percent higher than the median income for all Delta households. Median
farm income in the Eastern Highlands was only slightly less than all Eastern
Highlands households.

Agriculture causes environmental problems in all nine regions. Surface
water pollution from fertilizers, pesticides, sediment, and manure is the
most serious problem, although not uniformly distributed throughout ma-
jor agricultural regions. Contamination of groundwater with pesticides and
nitrate from agricultural fertilizers appears to be the most pervasive prob-
lem, occurring in all major agricultural regions: the Core Corn Belt, Wiscon-
sin-Minnesota Dairy Area, Western Great Plains, Western Corn Belt-North-
ern Plains, Delta, California Metro, and Coastal Plains (U.S. Department of
Agriculture, 1987e). The most severe overall water quality problems have
been identified in the California Metro, Core Corn Belt, Delta, and the
Coastal Plains. Soil erosion remains a concern on some soils in some regions.
Food safety concerns are affecting agricultural production practices in Cali-
fornia and to a lesser degree in other fruit- and vegetable-producing regions.
These concerns are also affecting individual beef and dairy producers in
many regions. Of the nine regions considered, irrigation problems appear
to be most serious in the California Metro and the Western Great Plains.

Agricultural practices and systems and the importance of alternative prac-
tices are quite different in each region. In California, agriculture is extremely
diverse. Thus, the scope of alternative production practices is great and
variable. California agriculture is also confronted with the greatest range of
environmental and public health concerns associated with modern conven-
tional agricultural production practices. In the Core Corn Belt, the farm
sector recession and the presence of nitrates and pesticides in the ground-
water are among several factors influencing farmers to adopt alternative
crop nutrient and pest management practices. The relatively small number
of crops produced in the Core Corn Belt, however, makes the search for
alternatives easier. Problems associated with food safety, for example, are of
less relevance in this predominantly feed-producing region.

Relatively few research and policy studies on regional alternative systems
have been undertaken. Those that have often focus on a particular crop or
policy and do not attempt to fully account for the complexity of farm
management decision making. In some areas, research on and experience




TABLE 1-6 Average Value of Land and Buildings in Selected Agricultural Subregions, 1982 (in dollars)

Wisconsin-  Core Western  Western

Minnesota  Corn Eastern Great Corn Belt- Coastal Southeast California United
Value Dairy Area Belt Delta Highlands  Plains Northern Plains  Plains Piedmont Metro States
Per acre 1,224 1,481 1,193 906 270 790 1,052 1,048 2,181 787
Per farm 246,962 436,103 574,384 109,512 630,975 491,263 273,083 149,560 789,633 346,071

sOURCE: U.S. Department of Agriculture. 1988. Regional Characteristics of U.S. Farms and Farmers in the 1980’s. ERS Staff Report No. AGES880128.
Economic Research Service. Washington, D.C.
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with the implementation of alternative systems for certain crops has been
significant, such as IPM and biological pest control in fruit and vegetable
production in California. This is not the case for most crcps and regions,
however. In the future, federal research and commodity program policies
will need to take into account the diversity in agricultural needs, priorities,
and systems and the physical and biological limitations of different regions
and farms within these regions.

THE POVWER OF POLICY

Government policy influences the direction of agriculture through a vari-
ety of agricultural, economic, and regulatory programs and policies. The
most important of these are the commodity price and income support
programs, tax policy, credit policy, research programs, tr.de and domestic
economic policy, soil and water conservation programs, and the U.S. Envi-
ronmental Protection Agency’s (EPA) pesticide and water-quality regula-
tions. The government’s major influence on agriculture is through eco-
nomic policy and the setting of prices and mandates regarding how land
can be used by farmers wishing to participate in government programs.
Regulatory policies that influence the cost and availability of alternative
technologies and science and education priorities indirectly but powerfully
affect agriculture.

Recently, the impact of commodity programs on farm management deci-
sions has become more visible. In 1986, total federal farm program outlays
(including direct payments to farmers, export subsidies, storage costs, and
nonrecourse loans) equaled nearly 50 percent of net cash farm income. This
declined to about 40 percent in 1987 (Figure 1-28). At the same time, net
farm income reached record levels of $37.5 billion in 1986 and $46.3 billion
in 1987, due in part to the large subsidies paid to most growers participating
in federal commodity programs (Figure 1-29). Direct payments to growers
set records in 1986 and again in 1987 of $11.8 and $16.7 billion, respectively.
In 1986, 50 percent of income for wheat growers was in the form of a federal
producer subsidy, such as direct payment or restricted foreign access to the
domestic market (U.S. Department of Agriculture, 1988c). Federal farm
commodity programs will continue to play a central role in shaping farm
management decisions in agricultural regions dependent on these pro-
grams.

Farm programs have enormous influence on the crops that are grown
and on the choice of management practices. Prices under the commodity
programs are often far above world market prices. Consequently, most
farmers feel compelled to preserve or build their farm commodity program
base acres—acres that determine program eligibility and future income. The
land-use decisions of farmers operating about two-thirds of the harvested
cropland in the United States are strongly influenced by program rules and
incentives.

Price and income support programs for major commodities also influence
growers not in the programs. For example, pork producers do not receive
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FIGURE 1-29 Net farm income and direct government payments to farmers. Net farm income
includes all farm business income and expenses associated with dwellings located on farms;
business income represents the profit from current production, with gross income adjusted
to reflect net quantity changes in inventories. These adjustments offset sales from inventories
carried over from the previous vear and exclude changes in value of inventories existing on
January 1. source: U.S. Department of Agriculture. 1987. Economic Indicators of the Farm
Sector: National Financiai Summary, 1986. ECIFS 6-2. Economic Research Service.
Washington, D.C.
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any government income protection. But in the past they have payed higher
feed prices because of high price supports on feed grains. Recently, how-
ever, they have benefited from lower feed costs resulting from the feed grain
program passed in the Food Security Act of 1985.

Policy also influences land use in indirect ways. The federal dairy termi-
nation program from 1985 to 1987 was designed to reduce overproduction
of milk. Farmers were given the opportunity to leave the dairy business by
selling their milking cows for slaughter or export. Almost 1 million cows—
or about 9 percent of the nation’s milking herd—were involved in the buy-
out program. Farmers enrolled in the program were suddenly without cows
to feed and had to decide on new farm enterprises. Many of these farmers
decided to produce hay for local cash markets instead of for on-farm use.
This decision caused a steep decline in the prices received by other estab-
lished hay producers.

Lack of Long-Range National Program Goals

Federal policy evolved as a patchwork of individual programs, each cre-
ated to address individual problems. No coherent strategy or national goals
unite the programs, nor is there much appreciation of what the programs
do or should accomplish or how they interact. Many programs, such as soil
conservation and export programs, have historically had conflicting objec-
tives. As a result, many well-intentioned policies that made sense when
adopted or when viewed in isolation make less sense in the overall context
of U.S. agriculture’s contemporary needs. The USDA itself has recognized
this failing.

[Farm] policy has always tended to follow events and changes rather
than anticipate and lead them—that is, the approach to developing
policy has largely been reactive, dealing with one emergency after an-
other.

Times of a studied, deliberate approach to the design of a forward-
looking farm policy, rather than adjustment of the previous statute, have
been rare. . . .

There is little doubt that some of the programs that have resulted from
this ad hoc, crisis-oriented policymaking have subsequently exacerbated
problems of farmers, or, over time, produced unintended and unwanted
consequences for the farri sector as a whole (U.S. Department of Agri-
culture, 1981, p. 101).

In more than half a century of operation, government policy has not only
affected commodity prices and the level of output, but it has also shaped
technological change, encouraged uneconomical capital investments in ma-
chinery and facilities, inflated the value of land, subsidized crop production
practices that have led to resource degradation such as soil erosion and
surface and groundwater pollution, expanded the interstate highway sys-
tem, contributed to the demise of the railway systems, financed irrigation
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projects, and promoted farm commodity exports. Together with other eco-
nomic forces, government policy has had a far-reaching structural influence
on agriculture, much of it unintended and unanticipated.

Impact of Commadity Policy on Alternative Agriculture

Federal commodity programs exist to stabilize, support, and protect crop
prices and farmer income. Programs that idle land, set prices, make direct
payments to farmers, and encourage and subsidize exports address these
objectives. Most of the current commodity program concepts are derived
from the Agriculture Adjustment Act of 1938, which established nonre-
course loans, acreage allotments, and marketing allotments for most major
crops (U.S. Department of Agriculture, 1985a).

Two central components of federal commodity programs impede move-
ment toward alternative agriculture: base acre requirements and cross-com-
pliance provisions. All crop price and income support programs rely on the
concept of an acreage base planted with a given commodity and a proven
crop yield for those base acres. Generally, the crop acreage enrolled and the
benefits received are related to the crop acreage planted and yield obtained
in the past 5 years, although base acre yields are currently frozen at the 1981
to 1985 average. Most commodity program acreage is planted to maximize
benefits. Farmers know that if they voluntarily reduce their planting (base
acres) of a particular crop, they will not only forfeit benefits for that year,
such as loan price and deficiency payments, but they will also lose future
benefits by reducing their eligible acreage base (the subsequent 5-year av-
erage).

The cross-compliance provision of the Food Security Act of 1985 is de-
signed to control government payments and production of program com-
modities by attaching financial penalties to the expansion of program crop
base acres. It serves as an effective financial barrier to diversification into
other program crops, particularly if a farmer has no established base acres
for those crops. Cross-compliance stipulates that to ceceive any benefits
from an established crop acreage base, the farmer must not exceed his or
her acreage base for any other program crop. The practical impact of this
provision is profound, particularly if a farmer’s acreage base for other crops
is small or zero. For example, a farmer with corn base acreage and no other
crop base acres would lose the right to participate in all programs if any
land on his or her farm was planted to other program crops such as wheat
or rye (oats are currently exempt) as part of a rotation. If a farm had base
acreage for two or more crops when cross-compliance went into effect in
1986, the farm must stay within the base acreage allotments applicable to
both programs each year to retain full eligibility for commodity program
payments in the future.

The conservation compliance provisions of the Food Security Act of 1985
may also complicate a farmer’s adoption of alternatives. These provisions
require that between 85 million and 90 million acres of highly erodible
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cropland have approved conservation plans or be enrolled in the conserva-
tion reserve program (CRP) by 1990. Plans must be fully implemented by
1995. About 28 million acres are currently in the CRP. For the remaining
land, local soil conservation service specialists often recommend rotations
in combination with conservation tillage practices as the best way to reduce
erosion. Without adjustments in the cross-compliance or base acres provi-
sions, many farmers may be forced to implement more costly, less effective
conservation systems to maintain full eligibility for government program
benefits.

Between the need to maintain base acres and the cross-compliance provi-
sion, farmers often face economic penalties for adopting beneficial prac-
tices, such as corn and legume or small grain rotations or strip cropping.
With few exceptions, only farmers outside the programs can currently adopt
these cropping systems without financial penalties. The conflict between
the conservation, cross-compliance, and base acres provisions of the farm
programs must be resolved to allow farmers to adopt, without economic
penalty, practices and rotations that reduce erosion, input costs, and the
potential for off-site environmental contamination.

Another incentive for farmers to remain enrolled in the commodity pro-
grams is the deficiency payments that farmers receive (see the boxed article,
“Commodity Programs: Definition of Terms”). Since the 1940s, deficiency
payments, or their previous equivalents, have been based on “proven yield,”
or the yield actually achieved in recent years on base acres on a particular
farm. For each base acre in the program, the payment in a given year is the
product of the per bushel deficiency payment times the land’s proven yield
in bushels per acre. The deficiency payment is the difference between the
target price and the loan rate or the market price, whichever difference is
less. When market prices are low, this policy rewards preducers who strive
for maximum per acre yield rather than maximum net return in the market-
place. The higher the farmer’s established proven vield, the greater the
deficiency payment received per acre.

The prospect of higher payments has encouraged heavier use of fertiliz-
ers, pesticides, and irrigation than can be justified by market forces in any
given year. In effect, a high target price subsidizes the inefficient, potentially
damaging use of inputs. It also encourages surplus production of the same
crops that the commodity programs are in part designed to control, thus
increasing government expenditures. This circumstance is illustrated by a
hypothetical example from Figure 1-30: a farmer with 500 acres of wheat
would produce 19,000 bushels at the market price. However, to generate
additional income the farmer will produce 24,000 bushels at the target
price. It costs the farmer more to produce the extra 5,000 bushels than they
are worth on the market, but the taxpayer pays the difference to the farmer,
in this case $10,000 (5,000 bushels x $2.00 per bushel deficiency payment).

An important change in the Food Security Act of 1985 has begun to cut
the direct link of higher yields with rising program payments by freezing
yield levels eligible for payments at 90 percent of the 1981 to 1985 average.
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FIGURE 1-30 Hypothetical cost of production for a wheat farm. source: Agricultural Policy
Working Group. 1988. Decoupling: A New Direction in Global Farm Policy. Washington,
D.C.: Agricultural Policy Working Group.

Nonetheless, many farmers continue to pursue higher per acre yields in the
belief that this freeze will be removed as part of the 199G Farm Bill or some
future legislation (Professional Farmers of America, 1988).

Commodity programs are a dominant force in domestic agriculture, with
more than two-thirds of all U.S. cropland enrolled in these programs. The
acreage enrolled in these programs has increased greatly since 1981, when
export demand peaked, domestic market prices were high, and program
participation was essentially zero. Program participation generally rises as
market prices fall and per acre deficiency payments increase. This trend is
clear for most commodities (Figures 1-31 through 1-34). With between 80
and 95 percent of the nation’s corn, sorghum, wheat, cotton, and rice
acreage enrolled in federal commodity programs, the chances are slim for
widespread adoption of alternative practices that involve rotations with
nonprogram crops, such as leguminous hay or forage crops, or the planting
of other program crops for which farmers have to establish base acres.
Under the current program rules, farmers simply have too much to lose.
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COMMODITY PROGRAMS: DEFINITION OF TERMS

The most expensive and influential government agricultural policies aim
to support prices, adjust supplies, encourage exports, and maintain in-
come for farmers producing wheat, corn, barley, sorghum, cotton, rice,
sugar, tobacco, milk, and other program products. Following congres-
sional direction, the U.S. Department of Agriculture (USDA] sets a target
price and a loan rate for wheat, corn, barley, sorghum, cotton, and rice
and equivalent prices for sugar, tobacco, and milk each year. If the
average market price of a commodity is below the stated target price,
the government pays participating farmers the difference between the
target price and the loan rate or the market price, ‘whichever difference
is less. This is called a deficiency payment. It is paid to farmers in addition
to income received for market sale of their crop or for placing the crop
under loan with the Commodity Credit Cerporation (CCC). The target
price, designed to support farm income, is often set well above the
market price and well above what it costs the majority of farmers to
produce a crop (Figures 1-30, 1-35, and 1-36).

Deficiency payments are often a substantial share of gross farm in-
come. The amount of the payment depends on a farmer’s established
per acre yield on a predetermined acreage base devoted tc the crop.
Direct deficiency payments may not exceed $50,000 per farmer, although
Congress exempted some other types of payments in the Food Security
Act of 1985 and provided separate limits on others. Many farmers have
found ways to reorganize their holdings to avoid payment limitations.

In addition, the government offers nonrecourse loans with a govern-
ment-set loan rate, which acts as a government-guaranteed minimum
price for the commaodity. If the market price falls below the loan rate, a
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FIGURE 1-35 Wheat produced at less than the target price per bushel, 1981. source:
Adapted from U.S. Department of Agriculture. 1985. Agricultural-Food Policy Review:
Commodity Program Perspectives. Agricuitural Economic Report No. 530. Economic
Research Service. Washington, D.C. In Office of Technology Assessment. 1986. A Review

of U.S. Competitiveness in Agricultural Trade—A Technical Memorandum. OTA-TM-
TET-29. Washington, D.C.
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farmer can forfeit crops placed under loan to the government in repay-
ment of the loan. \When the loan rate is set above the international
market price, foreign producers can undercut the price of U.S. exports.
In this case, most producers will take the higher price (the loan rate
instead of the market price) and “sell” their crops to the government,
which in turn stores them until market prices are well above loan rates
or the crops are used in food aid programs. Most crops placed under
CCC loan are sold at a net loss.

High and rigid loan rates were a major factor in the agricultural export
decline of 1981 to 1986. Under changes in the Food Security Act of 1985,
loan rates for wheat, feed grains, soybeans, upland cotton, and rice
were lowered to 75 to 85 percent of the average price received by
farmers over the past 5 years, dropping out the high and the low years.

Loan rates may not drop more than 5 percent from the previous year’s
rate, unless deemed necessary to make the U.S. crop more competitive.
Using discretionary autherity, the Secretary of Agriculture may not lower
the loan rate more than 20 percent below the normally computed rate.
Such discretionary reductions in the loan rate are not used to calculate
subsequent rates.

For 1986 the secretary was required to reduce the loan rate for wheat
and feed giains by at least 10 percent; the actual reduction was the
maximum allowed, 20 percent. In 1986 a 1 1987, Congress set the soy-
bean loan rate at $5.02 per bushel. During 1988 through 1990, with the
above formula in effect, the rate is not allowed to drop below $4.50 per
bushel.

Rice and cotton growers receive crop marketing loans that may be
paid back at the loan rate or the prevailing market price, whichever is
less.

DOLLARS PER BUSHEL
w
T

Target price
2 b
Corn
1 | et _ | ! | { 1 | i
0.0 20 4.0 6.0 8.0

BUSHELS (in billions)

FIGURE 1-36 Corn produced at less than the target price per bushel, 1981, sOURCE:
Adapted from U.S. Department of Agriculture. 1985. Agricultural-Food Policy Review:
Commodity Program Perspectives. Agricultural Economic Report No. 530. Economic
Research Service. Washington, D.C. In Office of Technology Assessment. 1986. A Review

of US. Competitiveness in Agricultural Trade—A Technical Memorandum. OTA-TM-
TET-29. Washington, D.C.
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Tax Policy

Income tax policies over the last two decades have significantly influenced
agricultural practices, even though they are not generally considered part
of the farm program. The increases in irrigated acreage and animal confine-
ment facilities are two examples. Before passage of the Tax Reform Act of
1986, agriculture received investment credit and accelerated depreciation on
physical plants and equipment. Additionally, favorable capital gains treat-
ment allowed individual farmers to exclude from taxation 60 percent of
income received from the sale of assets such as land, breeder stock, and
certain unharvested crops.

Favorable capital gains treatment provided incentives to purchase highly
erodible fields and wetlands, rangelands, or forestlands at relatively low
prices; convert these lands to cropland; sell them at a profit; and exclude 60
percent of the gain from taxation. The tax advantages of large-scale conver-
sion of wetlands to cropland were estimated to be as much as $603 per acre,
largely from the treatment of capital gains (Benfield et al., 1986). Ironically,
favored tax treatment of “conservation” investments stimulated conversion
of rangeland and wetlands to cropland. The Tax Reform Act of 1986 elimi-
nated special capital gains treatment for the conversion of highly erodible
land or wetlands into cropland. The act also explicitly denies the deduction
of expenses associated with draining or filling a wetland. Although the
effects of recent changes in the tax code will not be fully understood for
several years, the similar swampbuster and sodbuster provisions of the Food
Security Act of 1985 and the Tax Reform Act of 1986 eliminated many
financial incentives for farming practices that contributed to soil erosion and
conversion of wetlands to farmland (see the “Soil Conservation Programs”
section in this chapter). Management decisions and capital expenditures
profitable under the previous tax code are now less attractive.

Much of the sharp rise in farm real estate prices in the 1970s can be
attributed to a speculative boom driven by tax advantages and inflation,
compounded by the higher earning power of farmland, which resulted from
higher commodity prices. This boom collapsed in the 1980s as lower com-
modity prices and rising rea